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TECHNICAL PAPERS

Underground Hydro Electric Power Stations

F. L. Lawton, M.E.I.C. Chief Engineer,

Power Department, Aluminum Laboratories Limited

Read at the 72nd Annual General and Professional Meeting of the Engineering Institute of Canada, Çuebec City, May 1958

THE paper deals with underground
power plants, mostly hydro-elec-

tric, a notable development since

World War II. Numerous under-

ground hydro-electric power develop-

ments had been successfuUy com-
pleted and placed in service prior to

World War II but most of these were
located in Europe, although three

early examples were located in the

U.S.A. Since the war, the number of

underground power plants has in-

creased very materially. Ali of these

have been built for economic reasons.

The underground power plant has be-

come a classic type, with a substantial

influence on conventional power de-

velopments.

It is the purpose of this paper to

explain why the underground hydro-
electric power plant is being so widely
adopted today, ali over the world.

The historical development of un-

derground hydro-electric power plants

is briefly reviewed; reference is made
to thermal and nuclear types of under-

ground power stations. After dealing

with the extent of present application,

the reasons for this type of hydro-

electric development and the eco-

nomics thereof are reviewed. The
impact of modern excavation methods
is discussed.

In order that necessary background
can be provided, the paper deals

briefly with the typical elements of

underground power plants. The
significance of the geological forma-
tion is then considered. Attention is

devoted to some special design con-

siderations, following which operat-
ing experience is discussed.

The paper closes with a brief re-

view of certain outstanding under-

ground hydro-electric plants.

Historical Development

As far as known, the first develop-

ment of waterpower underground was
effected at Le Locle in Switzerland

over a century ago, where a mill was
established in a cavem on an under-

ground stream.

About 1889 what may have been

the world's first underground hydro-

electric power development was in-

stalled in one of the mines of the

Comstock Lode at Virginia City, Ne-

vada. This plant comprised six 40-in.

impulse waterwheels operating under

a vertical head of 1680 ft., each wheel
being directly connected to an elec-

trical generator, the output of which
was supplied to the mill a short dis-

tance away. The underground devel-

opment received water which had
been previously utilized to drive a

Pelton wheel on the surface under a

head of 460 ft. The discharge from
this unit was conveyed through a pipe

installed in the Chollar shaft to the

underground station at the levei of

the Sutro tunnel. Some 400 h.p. was
developed by this plant which rend-

ered reliable and economic service for

some two years before being supple-

mented by a somewhat similar plant.

This latter consisted of a 36 in. dia-

meter impulse wheel operating under
a head of 2100 ft., of which 460 ft.

was obtained from the pipeline of the

surface plant previously noted and
the remaining 1640 ft. from the drop
through the Chollar shaft to the Sutro

tunnel levei. The impulse turbine was
directly connected to an electrical

generator, the output of which was
supplied to the míll. (*) (^)

The Snoqualmie Falis Power Co.

completed its Snoqualmie Falis de-

velopment in the State of Washington,
U.S.A., in 1899. This plant appears

to have been the first truly under-

ground hydro-electric power plant,

designed as such. The intake is con-

structed about 300 ft. upstream from
the brink of the 270 ft. high falis.

After passing through a trash rack

the power water is conveyed by two
7.5 ft. diameter penstocks to four

generating units housed in a cavem
200 ft. long, 40 ft. wide and 30 ft.

high, excavated in hard basalt with

no regular cleavage. Water dis-

charged from the Doble 2500 h.p.

turbines, each consisting of six tangen-

tial jet wheels, with two nozzles per

wheel, is returned to the river at the

foot of the falis through a short 12
ft. wide by 24 ft. high tailrace tunnel.

The output of the four 1500 kw., 3-

phase, 300 r.p.m. 1000-volt, rotary-

armature generators, excited by sep-

arate waterwheel-driven exciters, is

conveyed to step-up transformers near
the head of the vertical shaft. Here
the 1000-volt generator output was
originally stepped up to 29,000 volts

for transmission some 31 miles to

Seattle and 45 miles to Tacoma. In-

cidentally, this transmission was over
stranded aluminum conductors.(^)

The Snoqualmie Falis development, in

its essentials, is very similar to many
of the underground power develop-
ments which have since been con-
structed in Sweden.

The next underground plant appears

to have been a small one (700 kw. in

two units) at Fairfax Falis in Ver-

mont, completed about 1904, de-

stroyed by collapse in 1927.(^3) fYiis

was followed by a plant at Breckberg-
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miiehle in Geimany, completed in

1907. This was a small power plant,

with one piessure shaft supplying six

Francis turbines at ratings from 930
to 1300 h.p., operating under a static

head of 203 to 215 ft., with the dis-

charge channel being an unlined

gi-ade tunnel 3600 ft. in length.

In 1910 the Mockfjard underground

hydro-electric plant was phiced in

service in Sweden. This plant con-

tained four horizontal Francis tur-

bines, with a total capacity of 12,000

kw. under a static head of 79 ft., in

a powerhouse cavern having a length

of 105 ft., width of 31 ft. and height

of 36 ft. It was soon followed by the

notable Porjus development on the

Lule River in Sweden, above the

Arctic Circle, constructed during the

years 1910-1914. Here two 538 square

feet pressure conduits, one 1710 ft.

and the other 2200 ft. in length, sup-

ply an open forebay from which verti-

cal pressure shafts, or penstocks, con-

vey the water to eight Francis

turbines with a total capacity some-
what in excess of 100,000 h.p., under
a static head of 184 ft. The discharge

from the turbines is returned to the

Lule River through two grade tunnels,

each with a cross-sectional area of 540
sq. ft. and a length of 4270 ft. This

development, in a granite formatíon,

has been trouble-free throughout its

existence.

The Pacific Gas and Electric Co.

placed its Spaulding No. 1 under-

ground hydro-electric plant in service

in 1917, with one vertical Francis

turbine operating under a static head
of 197 ft. This plant has an output

of 6400 kw. in a powerhouse cavern

measuring 85 ft. in length by 30 ft.

in width and 60 ft in height.(i3)

The nearest Canadian approach to

the present-day underground power
plants are the Toronto and Rankine
developments at Niagara Falis. In the

latter, the turbines are located in a

wheel pit 171 ft. below the generator

floor, with the discharge from the

wheels flowing through a tailrace

tunnel 2164 ft. in length. While the

turbines themselves are underground,
the generators are above ground.

Extent of Present Underground
Power Developments

Today almost 300 underground hy-

dro-electric power plants are in serv-

ice or under construction, with an

installed capacity of about 31,000,000
kw. Many more are planned, with an

installed capacity of approximatelv

30,000,000 kw.
Underground hydro-electric plants

have been widely built in Norway,
Sweden, Switzerland, France, Italy

and Yugoslavia. They have been con-

structed in at least 29 countries and
this number will shortly be materially

increased.

There are 60 underground hydro-

electric power schemes in service in

Italy,(-'') with eight imder construc-

tion. By 1960 the total underground

capacity is expected to be 4, .500,000

kw. or some 30 per cent of the total

capacity for the country. Italy leads

the world in number of underground
plants despite very poor geological

foiTnations embracing badly faulted

and jointed sedimentary and meta-

morphic rocks, with heavy percola-

tion of water.

Sweden is probably second in num-
ber of underground power plants,

with 26 in service having a total cap-

acity of 2,700,000 kw. or about 50

percent of the total for the countr\-.

Another 18 plants are under construc-

tion, which will add about 2,000.000

kw. capacity. (^'"') By contrast with

Italy, geological formations are gen-

erally good to excellent, although far

from universally so.

Norway, as of 1956, had 26 under-

ground hydro-electric plants in serv-

ice, with a total capacity of 1,381,000

kw. Twelve more were under con-

struction. Full capacity of the 38

stations will total 2,370,000 kw.

Where the underground hydro-elec-

tric plant matches geological and

economic requirements, neither geo-

graphy nor climate affect their use.

Such plants have been built in the

far north, well above the Arctic Circle,

examples being the Porjus and Har-

spranget de\'e]opments in Sweden and

the Niva development in Rússia. They
have been built in the hotter climates

such as Algéria, Brazil, Peru and El

Salvador. Underground power devel-

opments of great interest hax e been

built under far from excellent geologi-

cal conditions in Brazil, Peru and
Austrália.

Neither head nor flow nor size limit

development of water-power resources

by means of underground power
plants. Heads range from a low of

about 36 ft. to an existing high of

3500 ft. at Tyin (Norwa\) and a

planned high of 4822 ft. at Froges

(France). The design flow ranges

from as low as 15 c.f.s. at Foce Ponale

in Italy to a maxinium of 14,200

c.f.s. at Harspranget in Sweden.

Underground hydro-electric power
plants have been built in ali types

of geological formation, this compris-

ing igneous, metamorphic and sedi-

mentary rocks. Many underground
plants, as in Sweden, are built in

sound, hard rocks such as granite, re-

quiring practically no support. Some.

like Sulak, are in badly fissured and
even somewhat distintegrated rocks

which require substantial and nearly

continuous roof support.

Underground power plants now in

service operate as run-of-river, stor-

age, base-Ioad and peak-load devel-

opments. The Palue in Switzerland

and the Coghinas development in

Sardinia are pumped-storage plants.

Until the Kemano hydro-electric

development was placed in ser\-ice in

1954, Canada did not have any under-
ground power developments. Since

then the Bersimis I plant has been
placed in operation and the Chute-
des-Passes plant is imder construc-

tion. These plants lead the world.
pertinent features being shouii b\

Table I. (') (*)
(n)

O*)
(is)

Reasons For Underground Developments

In order to develop design philos-

ophy covering the underground
hydro-electric plant. it will be helpful

to recall considerations which enter

into the engineering, design and con-

struction of a waterpower develop-

ment.

A sound solution entails utilization

of the head of a falis, rapids or stretch

of river in the optimum manner. so

that the lowest possible annual costs

are secured. Economic studies involve

interest on the necessary investment,

depreciation, taxes if affected by the
scheme of development, cost of opera-

tion and superintendence, and main-
tenance costs.

In working out of the best solution

for the dam whereb>' the potential

head in tlie stretch of ri\er to be de-

\eloped is concentrated and pondage
created, preliminar)' surve\"s and stud-

ies are made coxering cost of con-

struction of the dam and related

structures — that is, head race, pow-
er-house and tailrace, for \arious

alternatixes.

The best alternative is chosen by
comparison of annual costs for all

parts of the dex elopment, this varying

with the actual selection of the dam
site. Many factors enter into this, such

as topogiaphy, iniderlying geological

structure, unwatering proccdure, etc

Consideration has to be given to the

\ alue of the head created, and the

storage made available, by the pw-
posed dam; the cost of lands flooded;

of coffer dams and dixersion of the

ri\er during construction; of log

flumcs and fishways (if necessary); of

the powerhouse proper; of the niech-

anical and electrical equipment; of

the power connections to step-up

transformors and the switchgear: and

of all related oloments.

\\'hen sito conditions .ue surli a
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Ultimate installed wateiwheel capacity, hp.

Year of iiútial operation

Static head, ft.

No. of Units
Waterwheel type
Waterwheel rating, hp.

Waterwheel speed, r.p.m.

Generator rating, kva.

Supply tunnel length, ft.

Supply tunnel equivalent diameter, ft.

Penstocks, number per supply tunnel
Units supplied per penstock
Penstock internai diameter, ft.

Penstock design head, ft.

Penstock discharge, c.f.s.

Penstock valves, diameter

Powerhouse length, ft.

Powerhouse width, ft.

Powerhouse height, ft.

Powerhouse crane capacity, tons
Powerhouse crane span, ft.

Unit spacing, centre-to-centre, ft.

Volume of powerhouse excavation in cu. yd.

per kw. installed

Tailrace

Kemano
2,400,000
1954
2580
Initial 8, Ultimate 16

4-nozzle vertical impulse
150,000
327
106,000/122,000
53,061
2 at 25 unlined
2
4
11

2850
2400
51 in. double-seal

Spherical
700-1140
82
139
2 at 225
50
60
Initial 0.347
Ultimate 0.284
2 unlined tunnels, 1400
ft. long, 27 ft. wide, 37
ft. high; and 2 open-
cut canais

Bersimis I

1,200,000
1956
875
8
Vertical Francis
150,000
277
120,000/138,000
40,294
1 at 31 lined

8 off 1 manifold
1

Concrete 12
Steel-lined 10 to 7.75
1240
15000
93 in. double-seal
Spherical

565
65
80
400
60.5

55

1 unlined tunnel, 380 ft.

long, 47 ft. wide, 65 ft.

high

Ch utc-dfs-Passfis

1,000,000
1959 (scheduled)

640
5
Vertical Francis

200,000

30,854
1 at 34.33 lined

5 off 1 manifold
1

15 to 11

920

132 in. double-seal
Spherical
460
70
110
2 at 210
67
60

1 unlined tunnel, 9000
ft. long, 48 ft. equiv-
alent diameter

Table I—Comparative Data for Canadian Underground Hydro-Electric Power Plants

rockfill dam is the most feasible and
economical type, the best overall solu-

tion is frequently that in whích rock

removed from the other elements of

the pov^^er development, such as the

powerhouse chamber, is used for the

construction of the dam.
A definite consideration in com-

paring development by means of a

normal surface type power plant as

contrasted with an underground plant

is the fact that the costs of maintain-

ing tunnels for the headrace and the

tailrace, whether these latter are of

the pressure or grade type, are gen-

erally lower than the corresponding

elements of surface developments
where concrete and steel are largely

utilized. This general comment ap-

plied also to depreciation charges, as

sound rock has a much longer life

than the best concrete.

In this connection, recent Swedish
practice in charges for renewals and
maintenance, on the basis of money
at 4% interest, is as shown in Table
II. The difference applicable to con-

ventional and underground power
plants will be readily recognized.

The reasons favouring underground
power developments on rivers with a

moderate gradient, as in Sweden, may
be materially different from those

applying to high-head developments
in mountainous áreas.

Dealing with the low-head type or

so-called "head" development, as util-

ized in Sweden, it should be noted
that the marked post-war progress in

methods has made it economically

feasible to concentrate the head on a

reach of river with moderate gradient.

Some idea of this progress is shown
by Fig. 1, showing Swedish tunnelling

costs.

Rivers with moderate gradients do
not ordinarily permit the construction

of high dams. The river banks may
not be very high and may adjoin valu-

able farmland and built-up áreas

which cannot be inundated on a large

scale. Such conditions lead to the

concentration of the portion of the

head which can be economically de-

veloped by means of river-bed clear-

ances, tunnels and canais.

While intake works may often form

a component part of the dam, it is

frequently more economical to lead

the water from an intake so sited as

to permit using a lesser total length

of waterway between the intake and
the point of return of the water to

the river, thus reducing the cost of the

water passages and, where the pres-

sure conduit can be shortened, im-

proving tiubine regulation. Pressure

conduits in the form of steel penstocks

are ordinarily employed except for

very low heads. If the underlying

geological structure is sound and the

surface is sufficiently high, the gen-

erating units can be placed in a

chamber excavated underground, with

the tailrace built either partially or

wholly as a tunnel in rock. Such a

solution leads to the shortest possible

penstocks, placed vertically, in many
cases. Where the underlying geologi-

cal formation involves poor rock, it

will be desírable to locate surface

penstocks on a slope and place the

power station proper at a greater dis-

tance from the intake, so that it will

be a surface station with no discharge

tunnel.

If site conditions provide a sound
rock formation, the normal surface-

type station would either necessitate

Table II—Charges to Renewals Fiind and INIaintenance Costs

Annual Charges, as PerceiU of
InvestmenI Cost

Renewals Fund Mainletuinre Total

Rock Excavation, Earth Excavation, Tunnels. .

Earthfill or Rockfill Dam Structures
Concrete Dam Structures
Suiface Power Houses, Steel Penstocks
Underground Power Houses
Gates, Steel Structures, Cranes, etc, Located

Outdoors
Gates, Overhead Cranes, etc, Located Indoors. .

Turbines, Generators, etc

66 3 1

66 5 1 2
66 1 1 7
66 1 1 7

66 6 1 3

1 2 3
83 1 5 2 3

1 78 2 3 8
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placiiig the turbines in deep shafts,

as in the underground station with

the generators at the surface, or en-

tail constiuction of the station with

sloping penstocks and a taihace canal.

Such a sokition, with deep turbine

pits and long driving shafts, is ordin-

arily not as economical as an under-

ground station in rock. It is also less

advantageous from the point of view
of operation. Long penstocks make the

problem of turbine regulation more
difficult and frequently involve the

use of rehef valves, in addition to

the added cost for the longer sloping

penstocks. The additional cost of such

penstocks is usually considerably

greater than the saving resulting from
the absence of the discharge tunnel

or a shorter tunnel. The costs associ-

ated with the power plant proper
must also be taken into comparison
but it will be found that these are

frequently no greater when the plant

is located in an underground chamber
excavated in rock than on the surface

as the cost of removing the rock from
the chamber is partially compensated
for by the diminished cost of walls

and roof. However, due allowance
must be made for the cost of access

facilities and surge chamber if these

are necessitated by a long tailrace

tunnel.

With high-head or so-called "tail"

developments, the technical arguments
in favour of a solution embracing an
underground power station vary.

These arguments comprise, among
others:

—

1. In certain cases there is no feas-

ible site for the ordinary arrangement

with surge tanks and steeply-inclined

penstock or penstocks, or there may
be no suitable site for location of the

powerhouse in a narrow valley subject

to rockslides or avalanches.

2. An underground power station

can be most economically constructed

when the site geological structure

provides sound rock. Modern tunnel-

ling technique may make such a solu-

tion quite as economic as a surface-

type powerhouse, depending on site

topographical and geological features.

3. It is possible under severe cli-

matic conditions to continue work on

an underground development through-

out the year.

4. Steel-lined penstocks emplaced

in massive rock, as associated with

underground power stations, are

much safer than ordinary penstocks

located on surface and may be more
economical in very rugged country.

They are not vulnerable to damage
by rockslides or avalanches.

5. It is frequently possible with an

underground powerhouse to secure

improved regulation, of the hydraulic

system, or even avoid an expensive

surge tank.

6. In some cases an unlined tailrace

tunnel may be much cheaper than a

pressure tunnel and penstock system,

especially if the latter has to be pro-

vided with a steel lining.

7. Location of the penstocks and
power plant underground avoids the

marring of scenic features.

Perhaps the major disadvantage of

the power underground station is the

necessíty for protection of the gener-

ators against damage by water dis-

charged from ruptured penstock

connections. However, this is not a

serious consideration as it is neces-

sary to take suitable precautions in

any high-head plant.

The construction of an access road

or tunnel may be rather expensive.

being largely governed by the top-

ography; it may be necessary to resort

to access by way of vertical shafts.

Despite the impression frequently

held, even on the part of well-in-

formed hydro-electric engineers, that

an underground hydro-electric plant is

so built because of its superior securit>-

in the event of aerial attack, the real

reason is economic. \'irtually ali of

the approximately 31,000,000 kw. in-

stalled capacity in underground hydro-

electric power developments, which

capacity is rapidly increasing, has

been developed purely on economic

and technical grounds. Even in

Sweden, militarily exposed, under-

ground power stations are so de-

signed and built because they are the

most economic solution, with the

added advantage of greater wartime

safety.

Typícal Elements of Underground
Hydro-Electric Power Schemes

Underground hydro-electric plants

comprise ali the elements found in

the ordinary types of developments

with powerhouses on the surface.

These elements are:

—

1. Storage and diversion facilities

In the case of lowhead developments.

the head may be concentrated by the

dam or dams forming the diversion

and storage facilities.

2. Intake works. In low-head de-

velopments, these are frequently but

not necessarily combined with the

main dam constituting the diversion

and storage works, and ordinarily the

concentration of head in the reach of

river developed. In high-head devel-

opments, the intake works are norm-

ally separate from the main dam. In-

take works ordinarily consist of trash

racks and control gates, together

with operating facilities.

3. Penstocks. In low-head plants tht

penstocks may be relati\ely short.

sloping or vertical, penstocks exca

vated in the rock, and lined or nol

as dictated by rock conditions. In

high-head developments, the pre*

sure conduit may be a combinaMon

of a pressure tunnel of considerable

length and a sloping or vertical pen-

stock emplaced in the rock. In such

cases, a surge chamber excaAated in

the rock is ordinaril\- necessar\ nt the

junction between tlie downsti eam t nd

of the pressure tininel and the pen-

stock. in order to provide acoeptable

pressure conditions in the penstock

under fluctuating loads and limil

pressure rises on rejection of load.

4. Pourrhomc. In the case of im

derground powor plants. the chambei
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Fig. 1 Swedish Tunnelling Cost.

Adapted from Fí4.5.'linderjrDuncl Hgdro-Electric Poiuer
* stotions in Suieoen; siuedish Síoíe Poiuer Board Pub.no.

9. 1950. Costs hove béçn adjusted to i958 conditions dg
use of ENR construction Cost Index . .

(2) Oosí from 'Underground Poujer Plants m 5iueden by
Tore Nilsson.presented ot A5CE 5qmposium on Under-

jround PoLuer Plant5-october.i957. , .

costs include driilíni blastin?, ventilation. mucKini.
transport (by truck).dumpins.draina$e,electricor

enertii and adminisíraíion but not interest durinj

construction or cost of transport tunnels.
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iiousing the generating units is exca-

\ated in the rock. Provision may be

inade for housing the step-up trans-

tormers adjacent to the generators

in part of the same chamber or in a

separate chamber. In some cases the

step-up transformers are placed on

the surface but there is an increasing

tendency to place these underground

:ilso.

Control valvas in the branches of

the penstock serving individual water-

wheels may be located in the power-

house chamber or, as is frequently the

case in high-head developments, in a

separate chamber with its own drain-

age connection to the tailrace tunnel.

5. Tailrace tunnel. The discharge

trom the vvaterwheels may be handled

through a pressure or a grade tunnel.

In either case, a tailrace surge cham-

ber adjacent to the powerhouse may
be required, in order to secure stable

hydraulic operation.

Fig. 2 shows the essential elements

of the four basic concepts for devel-

opment of underground hydro-electric

power plants. A and B involve a pen-

stock without a pressure supply tunnel

and may be described as "head" de-

velopments. C and D, which are most
nearly typical of high-head power
plants, involve in addition a pressure

supply tunnel. These may be termed

"tail" developments. Ali underground

hydro-electric power developments are

essentially variants of the above four

schemes.

Finally, underground power devel-

opments include means for discharg-

ing flood and surplus water by means
of spillways or high-pressure outlets.

As these are not peculiar to under-

ground power plants, no further refer-

ence need be made to them.

Economics of Underground Power Plants

Every hydro-electric project is, in

effect, "tailor-made"; it differs from
ill others. There is no general rule

which can be utilized to determine

whether a particular site is more
amenable to economic development
as a surface development or as an

underground plant. Various alterna-

tive possibilities must be carefully

evaluated in order that the most
economic solution can be ascertained.

Some considerations affecting the

relativa cost of surface as compared
with underground plants are as fol-

lows:

—

1. In low to modarate-head plants,

an underground development may
parmit a more effective concentra-

tion of head and thus the utilization

of larger generating units with lowar
spacific costs.

CONCEPT
A B C D

. ELEMENT

HEAD CONCENTRATION, DIVERSION
ANU/OK OTURAGE DAM YES YES YES YES

1 NTAKE YE5 YES Y ES YES

PRESSURE TUNNEL NO NO YES YES

SURGE SHAFT OR CHAMBER NO NO YES YES

PRESSURE CONDUIT ( UNDERGROUND
PENSTOCK

)
YES YES YES YES

POWERHOUSE. ETC. YES YES YES YES

5UR6E SHAFT OR CHAMBER ( TAILRACE
MANIFOLD. ETC.) YES YES NO YES

TAILRACE TUNNEL, GRADE YES NO YES NO

TAILRACE TUNNEL, PRESSURE NO YES NO YES

TYPE OF DEVELOPMENT HEAD TAIL

Fíg. 2. Elements in Basic Development Concepts — Underground Hydro-EIectric

Schemes.

2. In valleys deeply filled with

glacio-fluvial deposits, an under-

ground development frequently en-

ables utilization of lower-cost founda-

tions for the heavy generating units.

3. Where a power plant must be

sited in a narrow valley with steep

walls having talus deposits encumber-

ing the lowar slopes, a lower-cost

emplacement for the powerhouse can

frequently be found underground.

4. Rock from underground excava-

tions often can be used for construc-

tion of the diversion and storage dam,

at a material saving in cost as com-

pared with opening up a quarry for

the provision of rockfill.

5. Although the excavation of the

powerhouse proper may be relatively

expensive thase costs are offset by
savings in the cost of walls and roof

due to the use of rock as a construc-

tion elamant.

6. Year-round construction possible

with underground developments per-

mits securing lowar costs.

7. The underground power plant

frequently permits the usage of a

surge shaft or chamber excavated in

the rock mass as contrasted with the

expensive steel tank necessary with

tha conventional plant.

8. The underground power plant,

with penstocks emplaced in a rock

mass of reasonable homogenaity, frae

from faults or serious fracturas, may
parmit securing vary substantial sav-

ings in steel due to the use of the

rock as a part of tha load-bearing

structure. Frequently a shorter pen-

stock can be used. Offsetting this are

the additional costs dua to longer

accass, cabia and tailrace tunnals.

9. The underground power plant,

being emplaced in a rock mass, pos-

sesses greater freedom than a con-

ventional one from damage in an

araa subject to frequent and heavy

earthquake shocks, such as Japan.

10. The underground power plant

may eliminate the need for other-

wise obligatory proparty purchases.

The underground plant minimizes sur-

face rights necessary.

Additional factors resulting in sav-

ings in construction costs with under-

ground plants arise from the tremen-

dous improvement in drill steel and
drilling equipment which has taken

place during the postwar period,

particularly in the batter quality

tungsten-carbide-tipped steel. A great-

er appraciation of the effective use

of explosives has resultad in much
lass damage to the rock left in place

in an underground plant for use as a

structural element. With better utiliz-

ation of explosives, much less scaling

has been necessary and hence a lower

volume of concrete to replace rock

which would otharwisa have been
utilized. Another element is that it is

now possible to carry out blasting in

such a way as to secure smoother

residual surfaces and thus lowar hy-

draulic losses, a matter of considarable

importance in supply and tailrace

tunnals.

Improvements in construction tech-

niquas used for driving vertical

shafts hava led to substantial econo-

mies. Nowadays a hole of suitable

size is drilled, a wiie thraaded
through to the bottom, in the under-

ground working, and a platform at-

tached. From this a small raise is
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Cost of Excavation, in Cost of reinforced concrete

Total volume Sw. Cr. per cu. m. in Siv. Cr. per cu. m.
in cu. rn. 1946-49 1950-51 1946-49 1950-51
10,000 47 40 63 71

20,000 40 33 58 66
40,000 34 28 51 59

TABLE A

excavated to the top, after which the

opening is siashed down to final

size.

Long-hole diamond drilling has

been iised to remove the bulk of the

rock in a povverhouse chamber, fol-

lovving excavation and concreting of

the roof arch, as at Kemano. (11)

A moie comprehensive knowledge
of rock mechanics and recognition of

the possibilities of remediai grouting

in powerhouse chambers, penstocks,

surge chambers and tunnels have re-

sulted in appreciable savings in under-

ground power plants.

Another p o s t w a r development,

adopted from mining practice, has

been the usage of rock boltíng for sup-

ports in large underground excava-

tions, such as tunnels, povverhouse

chambers, etc. The use of this tech-

nique, to which reference is made in

more detail later, has enabled con-

structing undergrovmd power develop-

ments in relatively poor rock forma-

tions, badly fissured, at a reasonable

cost.

However, as pointed out in another

section, economic underground excav-

ation is dependent on a correct inter-

pretation of limited advance geológi-

ca! information. Thus higher allow-

ances for contingencies should be
made in estimating the cost of imder-

ground elements, although in reality

these may not be incurred.

In a recent paper T. Nilsson, Civil

Engineering Director, Svvedish State

Power Board, compared a group of

çonventional power plants placed in

service after 1950 or under construc-

tion in 1956 with a corresponding

group of imderground plants. With
costs on a common (1956) basis, the

weighted average cost per kw. for

the surface plants was 1020 Swedisli

crowns (a range of 640 to 1390) as

compared with 720 (a range of 560
to 1140) for the underground stations.

Mr. Nilsson carefully emphasized

these figures do not constitute evi-

dence underground plants are cheaper

than çonventional plants but never-

theless the comparison is quite strik-

ing.i®

Table III shows the specific volume
per kw. of capacity for the same
groups of Swedish power plants. The
striking decrease in concrete require-

ments is indicative of some of the po-

tential cost savings with the under-

ground plant.

As in any hydro-electric power pro-

ject, a very careful evaluation of the

various alternative solutions is neces-

sary if the full economies inherent in

an underground design are to be re-

alized. An excellent illustration of this

is the Haas power development of

the Pacific Gas and Electric Co.*^

There seems to be little doubt that

the cost of excavation and the extent

and nature of necessary grouting are

the two most significant factors con-

tributing to the cost of underground
hydro-electiic power plants.

Bergman has shown how the cost of

underground excavation has declined

due to improved drilling equipment
by comparison with the increase in

cost of reinforced concrete placed in

.such excavations, in Table A applic-

able to underground chambers in rock

in Sweden.^

T. Nilsson late in 1957 discussed

the 500,000 kw. Stornorrfors under-

ground plant in Sweden. It embodies
a 2. .5 mi. unlined tailrace tunnel carrv-

ing 28.000 c.f.s. The tunnel is 53 ft.

wide and 87 ft. high. the cross-sec-

tional area about 4200 sq. ft. Driven

through good rock, the tailrace tun-

nel is being taken out in a 1730 sq. ft.

top heading and two benches. The
labour requirements are 0.56 man-
hours per cu. yd. for the top headijig.

0.25 for the benches and 0.37 aver-

age. Explosives needed are 1.33 Ibs.

per cu. yd. for the top heading, 0.97

for the benches and 1.08 average.

Labour is essentially on a piece-work

basis and the average wage is 7.50

Sw. crowns (Can. SI.43)' per hour.'"

Actual costs together with estim-

ated costs (for incomplete work)
show that the total cost for excava-

tion in the top heading is 21 Sw.
crowTis (Can. $4.00) per cu. yd., in

the benches 13.5 (Can. $2.57) and
the average 16.5 (Can. $3.14). Such
costs are indicative of the low costs

which ha\e been obtained in Sweden
in the postwar years. They are attrib-

utable onl\ in part to good rock.

mosth' to effective construction pro-

cedures, equipment and labour."^

*At Can. $0.19 per Swedish crown.

Table III—Specific Volumes Per Kw of ("apacity for some Swedish Hydro-Eleclrir l*Iants*

Volumes, Cu. Yd./kw.

Plant
Capacity Rock Earth Earth and Powerhouse Vólume**
in Miv. Excavation Excavation Rock Fill Concrete cu.yd. kw Typr

35 2.8 4.0 3.9 1.12 1.90 Surface
65 2.4 7.9 4.9 0.65 0.95

íi

85 5.9 8.0 9.2 0..V2 0.83
<(

45 2.8 30.0 16.2 0.60 0.73
130 1.5 2.3 4.3 0.92 0.63
145 1.6 21.9 3.1 0.44 0.37

«

160 1.7 15.3 8.1 0.88 0.37
80 2.7 5.6 6.4 0.67 0.49

85 11.4 11.0 5.2 0.25 0.,V2 rndorgnnind
90 6.8 32.0 6.3 0.48 0.51

160 4.9 1.1 4.1 0.43 0.44
140 7.3 3.7 4.5 0.43 0.51

375 9.5 9.0 1.5 0.12 0.27
tt

285 7.5 7.9 4.5 0.33 0.24
íi

350 3.5 4.0 4.8 0.41 0.19

Stugun
Naverede
Jarkvissle

Stensele
Bergeforsen
Holleforsen
Porsi

Langbjorn
Umluspen
Grundfors
Ligga
Lasele
Stornorrfors
Kilforsen
Har.spranget

* Adapted from Tablo 2 of Tore Nils,son's pappr "Uiidprgrouiid Powor Pliuif

Sociotv of Civil Kiiginoers, \e\v Vork, October, 1957.

**rnclu(Íing rlraft tuF)f's, but exchidiíi^ p('llst()(•k^^.

in Sweden", prosontod at Annual Mwtins of .\nierioaii
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Geológica! Aspects

The cost of tunnelling and removal

of rock constitutes a particulaily sig-

nificant factor in an underground

hydro-electric power development.

The cost of pressure tunnels, of pen-

stocks, of the powerhouse chamber

and access shafts or tunnels, and of

tailrace tunnels is influenced to a very

substantial degree by the proper en-

gineering application of advanced

methods of analysis of linings, of roof

arches and roof supports, and conse-

quently on an effective determination

of rock pressures and stresses. This

can be most important in the case of

high-head developments where the

rock itself may be utilized to resist

hydraulic pressures in pressure tun-

nels and penstocks, thus minimizing

the cost of hning, normally steel in

penstocks embedded in a rock mass

but in some cases reinforced and pre-

stressed concrete.^"- "

The proper interpretation of the

geological features surrounding a

power development has always been

important but it is much more so with

underground projects, due to the judg-

ment which the engineer must bring

to bear on the orientation of under-

ground structures, the type and
amount of support involved, the type

and amount of overbreak hkely to be
encountered in underground excava-

tions, the possibility and magnitude of

water inflluxes into workings, and dif-

ficulties with some rock formations

giving rise to rock bursts, "heavy"
ground or "slaking" surfaces.

Geological investigations must be
carried out in such a manner as to

make available to the design engineers

and the construction organization fuU

Information on the geological struc-

ture and the physical properties of the

rocks involved in the scheme. The
information should be sufRcient to de-

termine the probable stresses on ex-

posed rock faces and on any hning in

pressure tunnels, penstocks, surge

chambers or grade tunnels, as well as

the economic cross-section of tunnels

suited to the particular rock forma-
tion, optimum driving procedures, the

best methods of taking care of infil-

tration of water and thicknesses of

linings. It is well to bear in mind that

underground power plants are built,

not of concrete or steel, for the great-

er part, but of rock in place, a build-

ing material about which not too

much is known as yet.

In this connection theoretical con-
siderations have led to marked ad-
vances in the design of the various
elements of underground power de-
velopments. However, experimental
methods permitting determination of

the deformation of the rock structure

under loading so that the elastic prop-

erties of the rock, the time lag of

plastic deformation and any lack of

symmetry can be fully ascertained and
properly applied in the design, are in-

valuable. Nevertheless, it must always

be remembered that rock in situ is

neither homogeneous nor isotropic. Its

properties vary from point to point in

what appears to be a uniform forma-

tion.

The engineer concerned with plan-

ning and design for an underground
power scheme must be able, on the

strength of advice from the geologist,

to appraise the probable behaviour of

the formation in which a tunnel or

powerhouse chamber excavation is

located. Will the formation arch fav-

ourably? For example, if the strike of

the formation is parallel to the axis

of the excavation a weak arch may be
anticipated as contrasted with a

stronger one when the strike is at

right angles to the axis. Proper inter-

pretation of the geological facts will

enable a correct assessment of the

magnitude and type of outbreak and
thus an appraisal of, for instance, rug-

osity in unhned pressure tunnels.

The significance of a thorough un-

derstanding of the site geological fea-

tures can be appreciated from a dis-

cussion of their relationship to the

design considerations associated with

the pressure conduits or penstocks in

an underground power scheme. While
the design of surface penstocks is

founded on a rather definite basis,

design of pressure conduits or pen-
stocks emplaced in a rock mass is

much less tangible. The major prob-
lem is: What is the distribution of

load between the steel liner and its

surrounding rock envelope? Design is

influenced by many variables intro-

duced by the natural site conditions

and the construction techniques util-

ized. Some of these are jointing, strati-

fication, attitude and residual stresses

of the rock formation; variations in

strength and modulus of elasticity of

the rock; shrinkage and imperfection

of concrete in the backfill between
liner and rock envelope; and variations

in properties of the steel liner, even
though furnished to standard specifi-

cations. Experience has demonstrated
that, with a penstock emplaced in a

rock mass, the rock acquires a per-

manent set under initial loading, with
a tendency to modification of the con-

tact between the liner and the con-

crete backfill under normal service

conditions.'^

A thorough understanding of the

rock mechanics of the geological for-

mation involved in a given develop-

ment is important. Lack of much fun-

damental knowledge of the elements

is one of the reasons why the design

of embedded penstocks or pressure

conduits is more of an art than a

science at present. This is most applic-

able to rock mechanics, in which con-

nection Lord Kelvin's famous obser-

vation —
"When you can measure what you
are speaking about and express it in

numbers, you know something about
it; but when you cannot measure it,

when you cannot express it in num-
bers, your knowledge is of a meagre
and unsatisfactory kind; it may be
the beginning of knowledge but you
have scarcely, in your thoughts, ad-

vanced to the stage of science what-
ever the matter may be"—

is particularly appropriate.

The significance of adequate knowl-

edge of the properties of rock will be

apparent from a brief consideration of

the interaction between the steel liner

and the surrounding sheath of con-

crete backfill and rock in an em-
bedded penstock. Assuming the liner

is in intimate contact with the con-

crete sheath around it, the interaction

is about as follows:—
1. The internai pressure in the pen-

stock will cause the steel liner to in-

crease slightly in diameter, under the

hoop stress set up, and tend to shorten

longitudinally; being restrained, longi-

tudinal and transverse stresses will be

set up in the girth welds, at joints.

2. Expansion of the steel liner will

transfer some load to the concrete

sheath, thence to the rock; at the same
time hoop stresses will develop in the

concrete sheath. If these hoop stresses

exceed the low tensile strength of the

unreinforced concrete sheath it will

develop minute cracks.

3. That part of the internai hydro-

static pressure load transferred to the

rock immediately adjacent to the

sheath will cause it to plasticly de-

form to some unknown degree. This

will continue until "packing" under

load has taken up the fissure and void

spaces which exist naturally or arise

from shaft-driving operations and are

not completely filled with grout. Some
minute cracking of the rock can be
anticipated in the vicinity of the pen-

stock since the tensile strength of rock

is moderately low, compareci with its

compressive strength.

4. When the steel liner, surround-

ing grouted concrete backfill and rock

sheath reach equilibriinn under nor-

mal operating and maximum surge

pressures, the stress in the steel should

not exceed a "safe" value under the

worst conditions of operation and cor-

rosion foreseeable.

5. When the penstock is drained for

maintenance work, the steel liner, if
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it has not been stiessed previously

beyond the elastic limit and under-
gone suflRcient peimanent deformation,

will decrease in diameter more than

the sunounding grouted concreta

backfill and rock sheath which has

previously incurred a permanent plas-

tic (packing) deformation plus some
elastic deformation. Obviously the

smooth externai periphery of the liner

will tend to separate, to some extent,

from the surrounding sheath. Such a

separation gap, through the fissures

and hairline cracks in the grouted con-

crete backfill and rock sheath, will fiU

with ground water under such pres-

sure heads as exist in the formation

through which the penstock runs.

6. Provided such externai pressure

heads are insuíBcient to cause inward
buckling, reíilling of the conduit and
its return to service result in the steel

liner and surrounding sheath resum-

ing its loaded state as before.

The proportion of load from the in-

ternai hydrostatic pressure transmitted

by the steel liner to the rock can be
calculated if the moduli of elasticity

of the steel and of the rock are known,
the elastic deformation of the liner in

the radial direction being equated

to the radial deformation of the rock.

The principal difiBculty with this pro-

cedure is lack of knowledge as to

the real value of the modulus of elas-

ticity of the rock formation traversed

by the penstock. The important con-

sideration is that stresses in the liner,

under any service condition whatso-

ever, remain below the yield point

of the steel.

During the last decade, rock bolt-

ing has come to the fore as an econ-

omic means of providing support in

excavations for underground hydro-

electric power developments, elimin-

ating to a substantial extent use of the

more expensive steel sets.

Rock bolting consists of drilling a

hole into the formation involved, in-

serting a wedge and split-end bolt of

suitable length and diameter, and
tapping it with a hammer to wedge
the split end of the bolt tightly into

place. A steel plate-washer is placed

over the free end of the bolt and a

nut is screwed on and seated against

the plate washer. Tightening of the

nut with an impact wrench results in

high friction being developed between
the spread end of the bolt and the

rock. Depending on circumstances, a

steel channel or other member may
serve as a washer for two or more
rock bolts.

Other forms of rock bolts have been
used. For instance, at the Pacific Gas
and Electric Co.'s Haas underground
plant, the Perfo method of the Sika

Chemical Corporation was used. This

involves two half-round perforated

tubes of sheet metal the full length

of the hole which are fiUed with a

stiíf sand cement grout and then wired

together. This is inserted in the hole

and the reinforcing bar serving as the

rock anchor is driven in by an air

hammer. The volume of grout is such

that a small amount is extruded as the

rod is driven to the end of the hole.^"

At Stornorrfors, in Sweden, a pro-

cedure for rock bolting, knowai as the

SN method, is claimed to develop

greater stress and be more reliable

than the conventional technique. The
method involves inserting the bolts

into the holes and then forcing in

grout, beginning from the bottom.

under air pressure.

Rock bolting is generally effective

in slabby or blocky rock and in such

rocks as shales, slates, some sand-

stones and coal. They are not very

effective in soft shales, soft sandstones

and similar formations.

Rock bolting, properly used, can be
very economic but there is a clear

necessity to apply it only under the

direction of an engineer. Psychologi-

cally, what appears to be a thoroughly-

rock-bolted formation may convey a

strong sense of security to under-

ground workers; contractors' repre-

sentatives are inclined to look favour-

ably on such a practice, as eliminating

otherw ise necessary scaling, especially

when the owner is paying for the

application of the rock bolts. How-
ever, indiscriminate use does not nec-

essarih- secure expected results, in the

fonn of the safety anticipated.

A moot question relates to the effec-

tive Hfe of rock bolts where installed

in the presence of a corrosive water

content in the rock formation. In

Norway, cement-grouted stainless-steel

bolts have been used, in some cases.

In Canada, aluminum-alloy bolts have
been used, in one instance.

Lang has observed that "The view
. . . rock bolts only 'pin' or 'nail'

blocks or slabs of rock which are loose

to the soimder rock behind them is

erroneous". It is tnie they have been

used for this purpose for a long time

but such usage without a thorough

knowledge of the controlling factors

can be dangerous. Properly speaking,

rock bolting means the planned use

of rock bolts to con\'ert a jointed rock

into a stnictural entity of adequate

competence for the part pla\ed by it

in an underground structtire."

Lang has noted "Another concept

in regard to the beha\-iour of rock

bolts, is that the> crcate a principal

compressive stress normal to the free

surface of an excavation where. with-

out them, there would be onl> one

principal stress parallel to the sur-

face. This is borne out hy their vepi

effective use to stabilize "p^^pping'

rock. This implies that, eithcr at or

immediately behind the free surface,

the bolts fonn a diaphragm of mater-

ial somcvvhat less in thickmoss than

the length of the rock bolt, which can

be used as a stnictiual member whose
properties cati be ascertained and
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whose behaviour can be assessed and
designed for. It is obvious that, if

rock bolts are to be designed to carry

out the tasks enunciated above, then

it is necessary to know their behav-

iour in relation to both intact and
jointed rock. This requires not only

knowledge of the behaviour of rock

bolts but also the behaviour of jointed

rock, either with or without rock

bolts".i5

Design Consíderations

It will be apparent, from the dis-

cussion of the geological aspects asso-

ciated with an underground hydro-

electric power plant, that design con-

siderations can only be finalized when
the working area has been reached,

either by a shaft or tunnel intended

for permanent use or for exploration

only, although normally it will be
utilized as part of the permanent fa-

cilities. Inspection of the geological

formatíon may well indicate, for in-

stance, the desirabihty of changing

the orientation of the powerhouse
longitudinal axis, in order to secure a

stronger roof or minimize wall sup-

port.

A basic precept apphcable to

underground power projects is that

the design of the scheme should be
made in principie only, prior to ef-

fecting entrance to the working area.

There are no fundamental differ-

ences between the intake works for

the classical type of power project and
the underground type, so there is no
need to comment on design aspects

for this element.

In the case of pressure tunnels, the

decision as to whether these should

be lined or unlined is purely a matter

of economics. The higher coefficient

of friction with an unlined tunnel may
dictate a substantial increase in effec-

tive diameter, which must be weighed

against the cost of lining a smaller

tunnel.

Surge chambers in the pressure con-

duit are not ordinarily required with

low to medium-head underground de-

velopments. Thus, so-called "head" de-

velopments do not involve surge

chambers on the pressure conduits.

The long pressure tunnels and pen-

stocks associated with high-head or

so-called "tail" underground power
plants normally involve surge cham-
bers on the pressure line. These may
consist of either a vertical or an in-

clined shaft, with one or more cham-
bers of various sections. The entire

structure is excavated in the rock and
may be unlined or concrete lined. In

some plants, surge chambers with re-

stricted orifices are used. Care must
be given to the provision for spilhng

any water ejected from the surge

chamber during load rejection.

In the case of low-to-medium-head

or "head" developments, separate pen-

stocks are ordinarily used for each tur-

bine. On the other hand, the high-

head or "tail" developments normally

have one or more penstocks from the

surge chamber to the powerhouse,
these penstocks branching off to the

individual turbines just upstream from
the powerhouse chamber.

Embedded penstocks are designed

to take full hydrostatic head. In ali

cases they are concrete lined and fre-

quently a steel lining is added, the

steel lining increasing in thickness

from the top to the bottom of the

pressure shaft. At Krangede, for in-

stance, the upper part of the pressure

shaft is hned with 25/64 in. steel,

increasing to 1-1/32 in. steel in the

lower part. The upper part was not

grouted and the space between the

concrete and steel linings is used for

drainage; the lower part of the shaft

was pressure grouted. At Hjalta, with

a static head of 285 ft., the pressure

shaft was hned only with concrete,

8 in. thick at the top and 12 at the

bottom. By proper attention to design,

taking full advantage of the strength

of surrounding rock, selection of op-

timum grouting pressures and of the

economic form of hning, the overall

cost can be minimized.

The design of underground pen-

stocks has been díscussed in connec-

tion with the geological aspects. The
design consíderations relative to in-

ternai pressures are well recognized.

However, treatment to withstand ex-

ternai pressures, when the penstock

is drained, is on a less satisfactory

basis. Some designers provide an ex-

ternai drainage system consisting of

drainage pipes running parallel to the

penstock and tapping the rock envel-

ope. However, these are liable to be-

come clogged during grouting opera-

tions or later. Other designs rely on
bonding the liner to the concrete en-

velope through various forms of spines

and brackets. Stíll others provide an

inspection gallery adjacent to the pen-

stock, as at Gerlos in Áustria. Main
reliance, however, is placed on effec-

tive grouting.

An important consideration in the

design of an underground hydro-

electric power plant is securing such

a layout of the pressure tunnel, pen-

stock manifold and penstocks that

hydraulic losses at deflections and
branches are minimized. Note Figs.

3-6, inclusive, showing the arrange-

ments at Innertkirchen, Bersimis I,

Chute-des-Passes and Kemano, respec-

tively.

Particular attention must be paid

to water tightness of the lower part

of the penstock in order to minimize

the entrance of ground water into the

chamber constituting the power plant

proper. In many cases, provision is

made for the elimination of such

ground water by ducts connecting

with the tailrace. Well-planned grout

curtains are most commonly used. At
Sudagai, in Japan, a grout curtain is

combined with an inner curtain of up-

ward-drilled drainage boreholes

emptying to a drainage tunnel around
the plant. 2^

In the case of low-to-medium head
developments, control of water pass-

ing through the pressure conduits is

ordinarily provided by various types of

intake gates, but several forms of

valves are sometimes utilized. In the

case of high-head developments, a

valve is ordinarily located at the up-

stream end of the penstock. Such
valves are frequently butterfly valves,

as at Kemano and Haas."' Control
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is ordinarily piovided such that these

valves close automatically on the

occuirence of excessive velocities asso-

ciated with a luptuied conduit, valve,

turbine scroll, etc. However, in some
cases, as at Fionnay, these valves are

eliminated and reliance is placed on

automatic closing devices at the tun-

nel intake. Ample provision for auto-

matic air inlet must be made just

downstream from such valves or clos-

ing devices to avoid collapsing of the

penstock liners due to vacuum. Unit

valves are ordinarily installed on the

brandi connections to the individual

turbines. These may be single or dup-

licate valves, as used at Innertkirchen.

Various types of valves are used, such

as cone, butterfly, spherical or cylin-

drical, depending usually on the head
involved. These valves may be oper-

ated by hydraulic or electric control

mechanisms. They are sometimes

automatically controlled by the tur-

bine governor. Current practice is to

utiHze the double-seal type so that

a single valve meets ali requirements

for maintenance.

The valves may be located in a sep-

arate chamber as at Innertkirchen and
Kemano; in a passage between the

penstock tunnel and the powerhouse;

or in the powerhouse proper, as at

Brommat and elsewhere. Actual lo-

cation is governed to a substantial

extent by the nature of the rock

formation. Placement of the valves in

a separate chamber reduces the neces-

sary width of the chamber required

for the generating units but does nec-

essitate a separate crane and access

passage. The overall volume of exca-

vation is somewhat greater. In the

case of high-head developments,

where serious consideration must be

given to the possibility of a ruptured

pressure line, the valve chamber is

ordinarily provided with its own dis-

charge tunnel connecting with the

tailrace. See Figs. 3, 7 and 8.

As to the powerhouse proper, it is

obvious that size, construction and
cost are influenced to a marked extent

by the choice and arrangement of

turbines, generators and auxiliaries.

Large, high-specific-speed units con-

tribute to a substantial saving in in-

stallation and maintenance costs, in

common with experience with the

classical type of power development.

Horizontal and vertical generating

units have been widely used, with the

vertical units preferred for low-to-

medium heads. For high-head devel-

opments, horizontal impulse water-

wheels are normally used in Europe
although at Innertkirchen twin-nozzle

vertical impulse units were selected.

At Kemano four-nozzle, vertical im-

pulse units were installed. Horizontal

reaction turbines operating at 164 ft.

head were selected for the Guayabo
underground plant on the Lempa
River in El Salvador. See Fig. 9.

Although many changes in the t> pe
and arrangement of the major equip-

ment in underground power plants

have been worked out since the earl\-

plants were built, present practice.

aside from the Guayabo and Ambu-
klao developments, definitely involves

vertical units. Most of the later

schemes have been this type—for in-

stance, Krangede with its six 54,000
h.p. units, Innertkirchen with its five

66,000 h.p. units, Hjalta with its

three 73,600 h.p. units, Hojum with

four 78,500 h.p. units, Soverzene with

its four 90,000 h.p. units, Harspranget
with its four 130,000 h.p. units,

POWER TUNNEL NO 1 PENSTOCK N0.2

Fig. 5. Cliute-des-Passes.
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Fig. 6. Kemano Fenstocks Nos. 1 and 2.

Kemano, with its ultimate sixteen

150,000 h.p. units, Bersimis 1 with its

eight 175,000 h.p. units and Chute-

des-Passes with its five 200,000 h.p.

units. A governing consideration in

the selection of vertical generating

units is minimum excavation and mini-

mum width. See Figs. 10 and 11.

Ad\ antages claimed for the horizon-

tal reaction turbine setting, as used

at Guaxabo and Ambuklao, are lower

excavation \olume, better hydraulic

efficienc)" due to elimination of one

penstock bend and the elbow draft

tube bend, and separate erection and
dismantling of turbine and generator.

Disadxantages are the special hand-
ling facilities for the turbines, siow

unwatering, and special handhng and
working conditions associated with the

turbine erection.

Some of the significant data for the

Kemano, Bersimis 1 and Chute-des-

Passes imderground developments, as

shown by Table 1 , indicate the niarked

progress which has been made in this

direction.

An underground power dexelop-

ment will entail less excavation for

the chamber housing the generating

vmits if requirements for headi-oom are

kept to a minimum. This was accom-
plished at Krangede and at Innert-

kirchen by the development of a struc-

tural Steel support inteiposed betvx een

the generator and \\ aten\ heel casing.

whereb\ the generator dead load and
the Indraulic thnist is transferred

through the steel supporting structure

to the waterwheel casing, witlioiít in-

tervening concrete piers. Another
means of minimizing head-room re-

qinrements is the selection of vmíbi^l-

la-tv^ie generators. with combined
guide and thrust bearing beknv the

rotor. Still another method is the uso

of station cranes specially designed

to minimize head-room ivquircments.

Finally, cotisidcrable thought is heinc
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'_;iven to the elimination of high-ca-

pacity station cranes, used during

eiection and very seldom thereafter,

by the provision of built-in jacking

facilities whereby the generator stator

can be lifted to permit access to and

removal of the rotor.

Considerable economy in the cost

of the chamber housing the generator

units can be affected by giving proper

attention to the stmctural features,

taking full account of the strength of

the rock. The powerhouse chamber
iisually has a semi-circular or elHpti-

cal roof and vertical walls. In the case

of relatively weak rock structures, the

roof arch is used to carry the full

load. In sound rock, the arch is de-

signed for only a part, in some cases

as low as 25%, of the estimated rock

load. The roof arch is abutted into

vecesses in the rock walls, thus trans-

ferring the load into the walls, reduc-

ing the stresses in the free vertical

faces of the rock and stabilizing the

walls.

At Krangede, reinforced inverted

T-beams were used in the roof arch,

so that an interspace between the

jcjck and the ceiling resulted, which
picks up any infiltration of ground

water. Normally, the roof arch is

inonolithic concrete, placed against the

rock and grouted. In such cases, a

suspended second arch is frequently

EL. 320.73
2- 225 T CRANES
I 25 T

TRANSFORMER
VAULT

13 8 KV BUS 6ALLERY

.EL 247
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EL I96:TAILWATEB

WITHOUT ENTRAINEO
AIR FOR Q^SOOOCFS

EL. 202

PIPE AND PUMP
GALLERY

51 5PHERICAL
VALVE

Fig. 7. Cross-Section Through Kemano Valve and Power Chambers.

provided, ordinarily quite thin, with

a waterproof membrana on top. Such
a solution was adopted at Brommat
and at Innertkirchen. At Brommat,
gutters collect the infiltration of

ground-water which acciunulates on

the second arch. Roof arches have
been built of hollow concrete blocks,

pumice blocks and brick. One form of

roof-arch construction employed in

some Swedish plants is illustrated by
Fig. 12.

Ordinarily, in good rock formations,

the rock walls need no support. An
exception was Soverzene where a

Fig. 8. Cross-Sec-
tion thi-ough the
Brommat Under-
ground p o w e r

plant utilizing the
waters of the Tru-
yere and Biomme
Rivers, France,
and constructed
from 1928 to 1933.

O 10 20 30 iO 50

FEET

weak zone was supported by a rein-

forced concrete wall. Sometimes ver-

tical arches are used for the support

of horizontal loads. While the rock

walls are sometimes gunited and fre-

quently concreted, in many cases it

is possible to leave the walls as ex-

cavated. Properly sealed and cleaned,

such bare rock walls constitute a very

attractive feature of many under-

ground plants.

Although the walls of underground

power-plants are normally vertical,

with a semi-circular or elliptical roof,

high rock pressures in a bad geologi-

cal formation may necessitate another

form of cross section. For instance,

at Santa Giustina, in Italy, an ellipti-

cal cross-section is used with the gen-

erator floor heavily reinforced to re-

sist a high horizontal component of

the rock pressure from swelling of the

marls in which the plant is emplaced.

A parabolic shape was used at Peccia

and Cavergno for a similar reason.

In many underground hydro-elec-

tric power plants, the designer has

provided a second wall with an inter-

space between the rock and the wall

through which air is circulated, thus

removing accumulations of moisture

accruing from groundwater penetrat-

ing to the rock surface. Such a solu-

tion was adopted at Brommat and at

Krangede. Note Figs. 8 and 10.

Ordinarily the powerhouse cranes

in underground stations are carried

on beams supported on free-standing

columns, independent of the rock

walls. Such a solution has been widely

adopted, an instance being the Lavey
development in Switzerland as in Fig.

13. At the Forsmo and other devel-

opments, the crane bridge extends

downstream over the draft-tube stop

logs, so these can be operated by the

crane. In some plants special galleries

with monorails and other lifting de-
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vices are provided for the operation

of draft-tube stoplogs or gates, as

shovvn by Fig. 14. At Krangede
these are operated from the vent

shaft while at Soverzene they are

handled from the transformer gallery.

A special consideration in the design

of the povverhouse chamber is that

of proper provision for handling a

break in the penstock, valve, casing,

etc, whereby a substantial volume of

water could be released. In Sweden,
the practice is to reinforce the con-

crete floor to take full water pres-

sure. In many Itahan plants, turbine

floors are designed only for the pres-

sure from surges in the tailrace tunnel.

At Innertkirchen and Kemano, the

valve chamber is drained to the tail-

race tunnel by a separate tunnel.

Underground powerhouses are par-

ticularly adaptable to a pleasing arch-

itectural treatment, if proper consider-

ation is given to this at an early stage.

The arched roof can be quite attrac-

tive. It is possible to work out very

ecoriomical and pleasing indirect light-

ing. This is particularly evident to

anyone familiar with the classic types

of power plants who visits under-

ground schemes and examines them
critically. Decorative murais or fre-

quently clean bare rock walls consti-

tute attractive features in some plants.

Fire protection is no more difficult

with an underground power develop-

ment than with the surface type but

more consideration has to be given to

removal of fumes resulting from a fire.

Suitable close-sealing fire doors are

desirable where transformers are in-

stalled immediately adjacent to the

generating units, as at Kemano. Either

CO2 or water-spray fire protection

can be utilized, depending upon the

requirements of the protected appar-

atus.

MAX H WL

NOR.OPERATING
LEVEL 160

MIN HWL

Fig. 9. Cross-Sec-
tion through lhe

75,000 KW. ulti-

ma t e capacity,

188.6 ft. gross
h e a d Guayabo
H y d r o - electric

plant on the Lem-
pa River, El Sal-

vador.

GENERATOR 16.700 kw
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An important problem in under- is

ground hydro-electric plants is that

of adequate ventilation. Fresh air is

normally taken from the surface and
circulated by fans through an access

shaft or tunnel into the powerhouse
or through a separate ventilation

shaft or timnel, which in some Swed-
ish and other plants serves as a cable-

way for outgoing power cables. In

some cases the air is filtered or de-

hiunidified. In other instances the air

cooled in heat exchangers using

Fig. 10. Krangede Underground Power Plant showing, a) cross-section of Power
Plant and b ) cross-section of Tailrace Tunnel.

WATER LEVEL AT FULL
LOAD ANO EXC FLOOO

water pumped from the tailrace or

with the heat exchangers inserted in

the tailrace. In some plants the in-

coming air is conditioned by drawing

it in over the water in the tailrace.

The incoming cooled air is circulated

initially through the generators, either

in a closed or open circuit, through

the powerhouse interior and through

the interspace between the rock walls

of the chamber and the inner shell of

the powerhouse. This is the case at

Brommat. In lower-head de\ elopments

warni air from the pow erhouse proper

passes to the intake works in order

to pro\"ide temperatuie conditions con-

ducive to prevention of ice formation

on the trash racks. etc.

The tailrace tunnel is one of the

most important elenients of an under-

ground power scheme in its bearing

on the o\"erall economy. This is partic-

ularh- true in the case of low-to-medi-

um-head plants where the in\-estment

in the tailrace tiuinel may repi-esent

a substantial part of the overall in-

vestment. Tailrace tunnels. with a

gradient of 0.01 to 0.025. are usualh

constnicted as uniined giade tunnels

designed for a velocit\ of six to cight

f.p.s. The usual cross-section is either

hor.soshoo-.shaped or egg-.sha|XHl. but
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i triangular cross-section was em-
ployed in the Niva development. This

Russian power plant utilizes a head
oí 243 ft. between its intake on the

Niva River and Kandalaksha Bay. The
mverts of the draft tubes and of the

taihace tunnel fixed the flow hne in

the tunnel at a slightly higher levei

than that of the tide, permitting fuU

utilization of the available head. The
lined 7,215 ft. long grade tailrace

tunnel has essentially a triangular

LToss-section 27 ft. wide by 35 ft.

high. It discharges to a lined, open-

cut tailrace canal just under 2400 ft.

long.

The tailrace tunnel handles a fluc-

tuating flow, depending on load vari-

Ations. Consequently, it is feasible to

design the tunnel in three different

ways hydraulically. In the first, the

tailrace tunnel is designed to act as a

free-surface grade tunnel at ali times,

not only when carrying steady full-

load flow, but also the maximum
surge flow or wave arising from rapid

fluctuations in load. Under such cir-

cumstances, the cross-section is large

but it is not necessary to provide a

surge chamber or shaft adjacent to the

power plant proper.

The second method is to design

the tunnel as a free-surface (grade)

tunnel at steady flows but filled by
the surge wave resulting from fluc-

tuations in flow, at which times the

tunnel acts as a pressure tunnel. This

entails an enlargement in the form of

a surge chamber at the head of the

tunnel adjacent to the power plant.

Fig. 12. One method of treating the
roof of Swedish underground generator

chambers.

ROCK B0LT5
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The third method treats the tail-

race tunnel as a pressure tunnel dur-

ing steady and unsteady flows, re-

quiring a surge shaft or chamber and
a vent shaft.

For tailrace tunnels up to 1500 or

2000 ft. in length, the economical

choice appears to be the first type.

As the length increases, a horizontal

surge chamber in the form of an en-

largement reduces the average size of

the tunnel cross-section and is advis-

able for tunnel lengths of 7000 to

9000 ft. For the longer tunnels, surge

shafts appear to be more economical.

The economic solution for the proper

accommodation of unsteady flow or

surges in tailrace tunnels can best be
ascertained from model tests.

Control rooms for underground hy-

dro-electric power plants occasion no
more difficulty than with the con-

ventional type of power plant. Occa-
sionally, as at Krangede and Bersimis

I, the control room is placed at the

surface.

Step-up power transformers assoc-

iated with underground power
schemes have been placed both un-

derground, in cuts and on the surface,

but there is an increasing tendency to

place this equipment underground.
Switchyards are almost invariably

placed on the surface. Where trans-

formers are installed underground,
they may be placed at the same levei

and opposite to the generators, in an

extension of the generator room, or

in a separate chamber adjacent to

the power chamber. The highest vol-

tage so far employed for transformers

placed underground is 400 kv., used

at the Harspranget plant in Sweden.
See Figs. 15 and 16.

Connections between the genera-

tors and their transformers can be

either bus or cable, depending on the

economic solution in the particular

case. Where the duct, tunnel or shaft

carrying the high-tension leads from

underground transformers to the sur-

face is long, high-voltage cables to

the switchyard are ordinarily used,

as at Kemano.
An important element associated

with underground power develop-

ments is means of access and exit.

The nature of Communications de-

pends largely on the relationship of

the power chamber to the surface, as

this fixes whether a vertical shaft or

a horizontal or an inclined tunnel is

the most economical solution. Dupli-

cate means of ingress and exit are

desirable, from the psychological

viewpoint, but are not always pro-

vided as cable ducts and other fea-

tures can be used for emergency exits.

Low-to-medium-head developments

ordinarily utilize vertical access shafts

while high-head developments norm-

ally have horizontal access tunnels.

Brommat is an instance of an under-

ground development with an inclined

shaft. Haas, the first modem under-

ground power plant in the U.S.A., pro-

vides emergency access and exit

through the upper section of the tail-

race tunnel. See Figs. 10, 15 and 16.

The dimensions of shafts or tunnels

providing access to an underground
power plant from the surface are

governed by the largest pieces to be

moved into the plant. Vertical shafts

are ordinarily smaller in cross-section

than sloping or horizontal tunnels.

However, the excavation of shafts is

more expensive than that of tunnels

and freight elevators are necessary.
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whereas horizontal or sloping tunnels

can be provided for rail transport, as

at Innertkirchen, or truck transport as

at Kemano and Chute-des Passes.

Careful consideration has to be
given to moisture in underground
power plants. Mention has been made
of this as being provided through the

use of interwall spaces, properly de-

signed grout curtains, ventilating

means and other features. It is of

particular significance in connection

with corrosion, particularly where
rock bolting is relied on for the stabil-

ity of walls and arches.

Operating Experience

Operating personnel in an under-

ground power plant is about the same
as that required for a conventional

station. No direct disadvantage in the

operation or maintenance of under-

ground stations can be observed b\-

comparison with surface stations.

Experience with underground

power plants has shown that personnel

find working conditions quite accep-

table. It is true that an operator in

an underground station does not have

an opportunity of seeing the sun dur-

ing his period on shift, but aside froni

this there is no difference between
conditions in the two types of stations.

W ith the undergroinid plants, working

conditions are more equable. Ps\cho-

logical factors may have some bear-

ing but no difficulties ha\e been ex-

perienced on this account because

the po\\ er-station emploxee works in

a dr\ . w ell-heated. well-ventilated and
well-ilhnninated working area bareh'

distinguishable from the nonnal sta-

tion. In extensive power systems with

both t\pes of stations, there has been

no noticeable tendencx among the

staff to apph for a discharge or trans-

Fig. 15. Vertical section through Harspranget underground power station, Sweden. .\t full developnient four Francis turbines

will generate 96,000 KW each under a net head of 346 ft. using 15,120 C.F.S.

PEN5T0CK POWER HOUSE CABLESHAFT ACCESS 5HAFT
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fer to a surface station, indicating ap-

parently no discomfort is associated

with working in an underground
plant.

The authors own obsei-vations in-

dicate that underground power plants

are just as attractive as conventional

plants from the point of view of com-
fort. There is usually less noise and
vibration. Well-designed underground

power plants with good lighting and
even atmospheric conditions produce

ibsolutely no impression or feeling of

laustrophobia.

In an underground hydro-electric

power station where full considera-

tion is given to proper ventilation and
tissociated air conditioning with con-

trol of humidity, good lighting and an

attractive colour scheme, working

conditions are fully acceptable. This

was demonstrated by experience with

underground factories in Germany,

Japan, Italy, Czechoslovakia and
Sweden during the war.

With a very few exceptions, under-

tíround factories in Germany, Japan
and Italy were hurriedly located in

existing caves, mines, quarries or tun-

nels, these being enlarged or altered

as necessary to fit them for the new
service, and without advance plan-

ning. Due to shortage of manpower,
materiais and equipment, desirable

and necessary features, such as air

conditioning, were often omitted.

Many German and Japanese plants

were subject to excessive dampness
which caused rapid corrosion and de-

terioration of equipment, as well as

discomfort and illness. The Japanese

underground factories, in particular,

have been reported as notoriously

lacking in features conducive to

worker efficiency, comfort and
health.

On the other hand, underground
factories in Sweden proved to be

satisfactory, very largely due to the

fact that proper consideration was
given to ventilation and air condi-

tioning, lighting and heating. Swed-
ish workers are reported as liking the

clean warm atmosphere of the under-

ground factories, particularly during

the long, dark winters. No special

measures, such as sun-lamp treatments

or special rest periods, were found

necessary to maintain morale. Produc-

tivity proved to be as high as, if not

higher than, that in surface plants.

Employee turn-over was no greater

than in ordinary factories, less than

one per cent being reported as leav-

ing due to location of the factory un-

derground. Swedish industrialists

were apparently pleasantly surprised

to find how acceptable the under-

ground factoiy conditions proved to

their workers, as well as being eco-

nomical.

Failures

Pressure timnels and conduits have

been ruptured due to water hammer.
It is less commonly known that several

steel-lined pressure tunnels have been

ruptured due to the inability of the

surrounding rock to withstand the in-

ternai pressure.

Cases are known where luptures

have occured along fissures in the

rock occasioning local concentrations

of pressure and high resultant bending

stresses in the liner.
^'^

The most notable failures were
those at Gerlos, Áustria, in 1945

and 1948. The steel-hned underground

penstock serving the conventional

Gerlos power plant was placed in

service in August, 1945. On October

30th that year two failures along the

penstock caused extensive damage.

After repairing the damage and a

single refilling, another similar acci-

dent of lesser severity occured. The
plant was returned to service iri

March, 1948, but a fourth similar fail-

ure took place in September, 1948.

Repairs were effected and the plant

was back in operation December
22nd, 1948, since when it is under-

stood to have operated without trouble

arising from the penstock. ^ Note
Fig. 17.
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The penstock, inclined at an angle

of about 27° to the horizontal, is

some 4170 ft. long. It operates under
a maximum head of 2035 ft. The in-

ternai diameter decreases from 7.22

ft. at the upper end to 5.25 ft. at

the lovver. Thickness of the hner var-

ies from 0.472 in. to 1.20 in. Tensile

stiength of the steei is about 58,300
to 68,300 p.s.i. The penstock was
designed to withstand full hydrostatic

pressure without reaching the yield

point of the steel. Shop and field

joints were electrically welded and
X-rayed. *

The penstock is emplaced in

quartz phylHte and shale rocks, show-
ing frequent transitions from compact
to badly fractured schistose or argil-

laceous zones. The light to dark grey

phyllite is intercalated with thin bands
of limestone and dolomite. Some soft

plastic zones were filled with fine

gi'easy material. *

The four penstock failures involved

extensive ruptures along lines parallel

to the inspection and drainage gallery

of 2.65 ft. width located under the

penstock from which it was separated

by a rather thin concrete masonry
member. The failures were accompan-
ied by erosion of substantial volumes
of rock and flooding of the generating

units. ^'

'

Ali factors pertaining to the failures

were closely investigated.^ The evi-

dence points to failure of the concrete

sheath surrounding the liner with

a strong presumption that failure

occurred initially in the concrete

masonry between the penstock and
the inspection and drainage gallery.

However, there is a very substantial

volume of evidence linking brittle

fracture of the steel with the failures.

Other Underground Power Plants

A 4375 h.p. underground diesel

power plant was constructed in

Hawaii during World War II. No
particular difficulties were encoun-

tered with this station, from an
operating point of view, although a

diesel generating plant is inherently

noisier than a hydro-electric power
plant.

A 32,000 kw., 1482 p.s.i., 932° F.

steam-turbine power plant was in-

stalled underground in Mannheim,
Germany, and operated from July,

1941, to June, 1945, quite success-

fully. The Berne Electricity Co. built

a 9,400 kw. underground steam-power
plant at Engehalde near Berne.

Although this is a standby plant, it

has operated quite successfully. The
French have built an underground
steam power plant at Brest-Portzic

with a capacity of 40,000 kw. in two
units, since the war.

More recently the Stenungsund
steam power station has been under

construction in Sweden. Provision is

made for two 140,000 kw. units to be

completed in 1959 and 1960 respec-

tively, with a third 200,000 kw. unit

ready by 1961. The excavation pro-

vides for a fourth unit and provision

is made for an additional two units.

Though the first two units will bum
oil only, the third will use either oil

or coal, provision being made for

transition to the latter. Steam temper-

ature is 1000° F. and pressure 1050

p.s.i. for the íirst two units. Each
boiler with its associated turbogener-

ator and transformer is placed in a

separate chamber, the dimensions of

which, for the first two units, are 410
ft. long, 80 ft. wide and 100 ft. high,

excavated underground. Cooling water

is carried through supply and dis-

charge tunnels. Oil storage will be in

unHned chambers underground.

Sweden is constructing a 75,000
kw. thermal capacity heav>'-water-

moderated nuclear reactor under-

ground, near Vasteras. This plant will

supply 250° F. hot water for heating

dwellings and industries in the city.

The reactor room, with dimensions

of about 200 by 50 by 90 ft., the

control room and the transformer

room will be excavated from the rock

underground, with the oflBce facihties

and storage rooms being located on
the surface.

Typical Underground Power Schemes

With almost 300 underground
hydro-electric power plants in ser\áce

or under construction, it is diflBcult to

select the most notable examples.

given the wide range of location.

geological settings, head, discharge.

capacit>' and number of units involved.

as well as date of construction. Table
IV is a comparative tabulation of the

head, number of units, installed

capacity, t\'pe of waterwheel and
setting (horizontal or vertical) for

18 of the worlds leading underground
plants. It will be noted the heads

range from 244 ft. for Stornorrfors in

Sweden to 2600 ft. for Kemano in

Canada. The number of units runs

from two, in several plants, to an

ultimate 16 in Kemano. The minimum
capacity is 61,600 h.p. in Japans first

plant, Sudagai, and the ma.\imum the

2,400,000 h.p. for the complete

Kemano scheme. With one exception

the generating units are vertical,

whether Francis or impulse t>pes of

tvu-bines are used.

Table V fumishes a comparison of

Table IV—Head and Capacity of Notable Underground Hydro-Electrio Power Plants

Head No. of Installed Capacity Type of Horizontal
Plant Country ft. Units hp Waterwheel or Vcrticai

Bersimis I Canada 875 8 1,200,000 Francis V
Brommat France 855 6 240,000 Francis V
Chute-des-Passes Canada 640 5 1,000,000 Francis V
Cubatao Brazíl 2362 6 528,000 Impulse V
Fionnay Svvitzerland 1555 3 216,000 Francis V

U.S.A. 2448 2 184,000 Impulse V
353 3 Francis V

4 508,000 Francis V
Innertkirchen Switzerland 2200 5 280,000 Impulse V
Kemano Canada 2600 8(1) 1,200,000(1) Impulse V

16(2) 2,400,000(2) Impulse V
Montpezat France 2080 2 162,000 Double overhung H

Impulse
Nilo Pecanha Brazil 1130 6 442,000 Francis V

502 4 180,000 Francis V
. . . Italy 600 3 142,500 Francis V

Snowy Mountains-Tl Austrália 1100 4 538,0(K1 Francis V
Soverzene . . . Italy 870 4 290,000 Francis V
Stornorrfors , , Sweden 244 4 712,000 Francis V
Sudagai Japan 274 2 61,600 Francis V
Vinstra Norway 1450 4 240,000 Francis V

(1) First half of development.
(2) Second half of development.
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Flant Country Geological Seiting{a) Transformer Location Unit Valve Location

Bersimis I

Brommat
Chute-des-Passes
Cubatao
Fionnay
Haas
Harspranget
Innertkirchen
Kemano

Montpezat
Nilo Pecanha
Randens (Isère-Arc)

Santa Giustina
Snowy Mountains Tl

Soverzene
Stornorrfors

Sudagai
Vinstra

(a) For penstocks
(b) P.H. chamber .

Canada Paragneisses, massive granites

France Granite
Canada Paragneiss
Brazil Granitic gneiss

Switzerland Calcareous schists

U.S.A. Granite
Sweden
Switzerland Granite and gneiss

Canada Granodiorite with small feldspar,

aplite, lampophyre and diorite

dykes
France Granite
Brazil Gneiss, kaolinized zones
France Mica schist

Italy Marls
Austrália Granitic gneiss and granite, exten-

sively jointed

Italy

Sweden Granite and gneiss

Japan Coarse-grained granite

Norway Granite

powerhouse chamber

Surface
Surface
Surface
P.H. chamber
Surface
Surface
Transformer chamber
P.H. chamber
P.H. chamber

Surface
P.H. chamber
Transformer chamber
Surface
Transformer chamber

Transformer chamber
Transformer chamber
Surface
Transformer chamber

P.H. chamber (b)

P.H. chamber
P.H. chamber
Separate valve chamber
Separate valve chamber
P.H. chamber

Separate valve chamber
Separate valve chamber

P.H. chamber
P.H. chamber
P.H. chambtr
P.H. chamber

P.H. chamber

P.H. chamber
P.H. chamber

Table V—General Features of some Underground Hydro-Electric Power Plants

the geological settings, step-up trans-

former and unit valve locations for the

same plants as Table IV. The wide
varíety of geological conditions is

noteworthy.

Table VI is a comparison, for most

of the plants included in Tables IV
and V, of the volume of excavation in

the powerhouse chamber per kilowatt

of installed capacity. It will be noted

only 25 percent of the plants com-
pared run over 0.35 cu.yd./kw. Some-
what over a third involve less than

0.25 cu.yd./kw.

A most important element in

underground hydro-electric power
schemes is the penstock or penstocks,

because these facilities ordinarily

represent a substantial percentage of

the total construction cost, particu-

larly in high-head plants. Table VII

indicates the pertinent features for

many of the world's notable under-

ground plants.

Table VIII indicates the type of

Steel, with its ultimate strength and
yield point, used in a number of the

outstanding underground power plant

penstocks.

By way of contrast and as an

indication of possible savings in steel

necessary for the lining of under-

ground penstocks, attention is drawn
in Table IX to three penstocks de-

signed by Marinoni. These are char-

acterized by linings of corrugated

steel plates less than 1/10 in. thick

over ordinary concrete sheaths. The
steel lining acts only as a watertight

membrane, the hydrostatic load due
to the water in the penstock being

transmitted to the surrounding rock.

During thirty years of service there

have been various incidents involving

failure of the steel linings, particu-

larly at Mese, due to collapse arising

from the externai pressure. These

have been quickly repaired. The Mese
liner has also been ruptured due to

internai pressure.

The TI power station of the Snowy
Mountains scheme in Austrália is

notable as the íirst major under-

ground plant in which rock bolts have

been used, in a planned manner, to

form a diaphragm of material some-

what less in thickness than the length

of the rock bolt, at or immediately

behind the free surfaces of the power
chamber excavation, which diaphragm
is utilised as a structural member
of ascertainable propertie."; and be-

haviour.'^ Fig. 18 shows lhe general

layout of the Tl plant while Fig. 19

illustrates a cross-section through

power plant itself.

Table VI—Excavation Volumes for Underground Hydro-EIectric Power Plants

Plant Country

Year of
Initial

Service

Total

Capacity
in kw.

Powerhouse
Excavation

cu.yd.

Excavation for
Transformer
and/or Valve

Chainbers cu.yd.

Powerhouse
Excavation
cu.yd./kw.

France 1932 186,000 60,000 16,000 0.32
Brazil 465,000 122,800 8,600 0.288
Switzerland 127,500 27,000 1,800 0.21
U.S.A. 1958 135,000 29,000 0.21
Sweden 1951 288,000 (a) 63,300 30,000 0.22 (a)

380,000 (b) 79,000 0.206 (b)

Switzerland 1942 210,000 59,000 20,000 0.28
Canada 1954 835,000 (a) 290,000 (a) 20,948(a) 0.347 (a)

l,670,000(b) 473,000(b) 0.284(b)
France 1954 116,000 26,300 0.226
Brazil 1953 355,000 98,000 0.274
France 1953 135,000 68,000 0.50
Italy 1951 108,000 40,000 0.37
Italy 1948 220,000 85,500 16,500 0.390
Sweden 375,000 0.27
Japan 1955 46,000 28,100 0.61
Norway 180,000 30,000 8,170 0.167

Brommat
Cubatao
Fionnay
Haas
Harspranget

Innertkirchen
Kemano

Montpezat
Nilo Pecanha
Randens (Isère-Arc)

Santa Giustina
Soverzene
Stornorrfors
Sudagai
Vinstra

(a) First stage.

(b) Second stage.
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Discharge
Grosa No.of per Pen- Angle with Thickness Turbine
Head Internai Dia., Pen- stock in horizontal of sttel, H.P. per

Plant in ft. in ft. Rock stocks c.f.s. in degrees in in. Penstock

Bersimis I 875 10.0-7.75 Paragneiss, granite 8 1,837(1) Horizontal 1.0&-2.06 —
Biommat 855 13.12-9.84-8.53 Granite 3 — \'ertical 0.47-1.93 —
Chute-des-Passes 640 15-11 Paragneiss 5 — Practically 1.50-2.0 —

Horizontal
Cubatao 2362 10.66 Granitic gneiss 2,650 42 0.91 —
Fionnav 1555 7.9 Calcareous schists 1 812 38.7 0.79
Haas 2448 6.83(2) Granite 1 760 65 2.00 184,000
Innertkirchen 2200 8.50-7.87 Granite and gneiss 1 1,410 31.7-7.0 0.79 325,000
Kemano 2600 11.0 Granodiorite 4(3) 2,400(4) 48 0.563-1.938 600,000
Nilo Pecanha 1130 20.01 Gneiss, kaolinized

zones
4,415 42 0.47-1.18

Randens (Isère-Arc) 502 12.14 Mica schist 2 1,770 Vertical 0.63 90,000
Siiowy Mountains Tl 1100 12.00 Granitic gneiss and

granite, extensivelj-

jointed

2 4,530 Vertical 0.625-1.625 270,000

Soverzeiíe 870 8.38 2 705 71.6 Prestressed
Concrete

Stornonfors 244 26 4 7,000 Vertical 178.000
Sudagai 274 12.14-8.69 Granite 2 1,150 Vertical

(1) Strictly speaking these figures relate to one of eight short branches of the main supply tunnel.

(2) Except for wye and short unit branch.
(3) Ultimate.
(4) Maximum discharge.

Table VII—Pertinent FeaturesK of Embedded Steel-Lined Penstocks for L nderground Power Planls

The plant was emplaced in a

formation of granitic gneiss and
granite, descríbed by Lang^^ in the

following terms:—

"The granite occurs in sheets 100 to

300 ft. thick intrusiva into the gneiss.

These sheets strike nearly east-west

and dip towards the soiith at 40° to

50°. Their contacts with the gneiss

show embankments, tongues and veins

of granite in the gneiss. Several

nearly vertical dykes of dolerite and

basalt occur intrusive into both granite

and gneiss, and vary in width from

a fevv inches up to 40 ft. With tlie

exception of one very thin basalt dyke
which passes across tlie north eastern

comer of the machine hall, none of

the dykes intersect the Power Station."

The formation was found to be
extensively jointed, with three princi-

pal directions of jointing, in a not

verv regular pattem, described b>'

Lang'-'' as follows (see Fig. 20).

Table VIII—Details of Steel used for Linina Embedded Penstocks

Plant
Bersimis I

Chute-des-Passes

Cubatao
Fionnay

Haas

Innertkirchen
Kemano

Xilo Pecanha

Type of Steel

ASTM A201, grade B, firebox

quality.

ASTM A201, grade B, firebox

quality, fine grain practice.

(Header) Cr-Cu steel quality
Dillinox 50.

ASTM A242, Mayori R, Kaisalloy
or Tri-Ten quality.

Less than 1 in. thick, ASTM
A285, grade B, firebox quality.

One inch and greater thickness,

ASTM A201, grade A, firebox

quality.

Ultimate Strength Vicld Poiíil

p.s.t.

75,400

71,100-85,300

67,000
61,100-68,200

70,400

p.s.i.

42,000

47,000

42,000

Table IX—Delail>< of Embedded Pcn.slocks with Minimum Steel Liiiiiig

Plant Pallanzeno Rovesca Mese
Country Italv Italy Italv

Date placed in serviee 1926 1926 1926
Gross head, ft 1730 2360 2490
Diameter of pen.stock, ft 6 to 5 4 6
No. of penstocks 1 1 1

Discharge, c.f.s 297 106 —
Slope, angle with horizontal, degrees. ... 35 7-35 35
Rock Gneiss, Schists and Gneiss,

medíocre gneiss niodiocre

Tensile stress in rock sheath, p.s.i 750 1,025 1,075

"(a) Joints striking N 40° to 60' E,

ncarl\- parallel to the long axis of the

machine hall. and dipping 25° to 35°

upstream. A zone of joints in this direc-

tion persisted over the full length of tlie

machine hall roof, var\ing from one to

several major joints in width V2 to 1 in.

of crushed rock and a little cla>- in the

granite, to a zone 5 to 10 ft. wide of

close jointing ( 2 to 6 in. spacing) in tlie

granitic gneiss.

"(b) Joints striking N 30° E making
an angle of abont 30° to the long a\is

of the machine hall, with dips var\ing

from 65° W to 80° E. In one locaUzed

zone tliese joint.s in botli the granitic

gneiss and granite were closeK- spaced,

clay coated and persistent.

"(c) Joints striking N 130° E. nearly

at right angles to the machine hall, with

an almost vertical dip. Certain joints in

this direction spaced 40 to 80 feet apart

were \er\- persistent, open iip to Í4 in.

and limonite stained. Ali the main water

inflows occurred along these joints.

"The two rock t\i>es evhibited cliar-

acteristic differences in the general spac-

ing of the joints and the nature of the

joint surfaces.

"The joint spacing in granitic gneiss

was usually between 6 in. and 2 ft. The
joint surfaces were usualh- sniootli and
slickensided and dark grecn in coloiir dne
to thin coatings of chlorito. Clay cxiatings

were not common and niost joints were
tightly closed. Because of the nature of

the joint surfaces it was common in thr

excavations for the granitic gneiss t

brcak to the natural joint planes rathi

than break across the rock resulting r

angular surfaces and local sniall owi
lircak in many places. The joint spacin..

in granite was variable but was gencralN

in the range of 1 to 5 ft. The mo;

closcK jointed zonos occurred irregularh

"Slickeusidtxl joints woro not so cttii

mon as in tlic gneiss. Tlio ioints \w;
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Fig. 18. General layout of the Snowy Mountains, Tl Power station.

Fig 19. Cross-section through Tl power station, Snowy
Mountains Scheme, Austrália.

inostiy tightly closed with the exception

of certain joints with strike N 130° E
already mentioned which were open,

hmonite staíned, and water bearing.

Becaiise of the generally tight nature of

the joints in the granite, it was found
that breakage of the rock often occurred

along new fracture surfaces rather than

along natural joints.

"Another geological structure of im-

portance was a nearly horizontal per-

sistent zone of close fracturing, a few
inches wide with heavy Umonite staining

along the fractures which occurred

throughout the machine hall and trans-

formar hall area [(d) Fig. 20]. It was
located a short distance above the portais

of the penstock tunnels on the upstream
wall, and above the tailrace tunnels on
the downstream wall."

CONCLUSIONS
The following significant factors

relative to the design, construction,

operation and maintenance of under-

ground power plants have been
developed in the papen—

1. Some 300 hydro-electric plants are

in service or under construction, with an

installed capacity of about 31,000,000 kw.

2. About the same capacity is in the

planning stage.

3. No limitations due to climate,

location, head, flow or capacity exist, in

development in underground plants.

4. Major steam and atomic power
plants have been, or are being, built

(Continued on page 67)

Fig. 20. Rock bolting in generator chamber of Tl power
station. The Snowy Mountains Scheme.
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PLASTIC BEHAVIOUR OF STEEL FRAMES

Experimental Verification of Theory

J. W. Dolphin, Professor and Head of Department of Civil Engineering,

Royai Military College, Kingston.

As part of a short course dealing

with the use of the Plastic Theory in

structural design, several tests were
made on full sized beams and fiames

in order to show the relationship be-

tween the theory and the behaviour

of full sized members. The tests were
arranged to show:

(a) The moment-curvature relation-

ship.

(b) The fundamental concept of

moment redistribution.

(c) The correspondence between
predicted and experimental

loads and collapsed forms.

(d) The effects of shear and in-

stability.

Moment Curvature Relationship

The basic concepts of the Plastic

Theory have been presented else-

where.^' ^ The moment curvature re-

lationship developed in that theory is

shown in Figure 1. Also plotted in

this figure is a curve of the experi-

mental values found during the test of

a 10 WF 25, eleven feet long, loaded
at the third points in pure bending.

Residual stresses in the beam
caused local yielding and resulted in

a divergence from the theoretical

curve. Full plastic moment was real-

ized however and the flat top char-

acteristic of the M-0 curve was ob-

tained. Since the Plastic Theory is

based, among other things, on the

assumption that a material will satisfy

the theoretical M-0 relationship, this

demonstration is graphic proof that

structural shapes may be used in

Plastic Design.

Redistribution of Bending Moment

The redistribution of bending mo-
ment in a continuous structure with

portions within the plastic range is

one of the most important basic con-

cepts of the plastic theory. Once
yielding occurs in one portion of a

statically indeterminate structure, ad-

ditional loads result in other points

accepting a greater share of the

moment. This continues until a suf-

ficient number of points witliin the

structure have yielded (developed

"plastic hinges") so that tlie structure

becomes a mechanism and can no

Although three structures designed
using the Plastic Theory are in use in

Canada today, little evidence is avail-

able illustrating the behaviour of mem-
bers and structures loaded to coUapse.
A series of tests were made on beams
and frames of standard rolled sections

and the results which include the verifi-

cation of basic principies are presented.

longer support additional load.

An 8 B 13 beam, span 12 feet, was
rigidly fixed at one end and simply

supported at the other. It was loaded

to collapse to show the redistribution

of moments, the loading arrangement

being as shown in Figure 2. The
curves of this figure show:

(a) The typical load deflection

curve.

(b) That the moment at A did not

reach full plastic moment be-

cause of the high shear at the

point. This was partially offset

by strain hardening at A caused

by the large rotation at this

point.

(c) Even though some rotation of

the beam axis at A did occur,

the moment at B reached full

plastic moment and failure of

the structure occurred at a value

only slightly higher than the

predicted 29,300 Ib.

From this test it can be seen that

the moment was eventuaUy distrib-

uted as predicted and that the Plas-

tic Theory- can be applied to inde-

terminate structures.

Simple Frames

In order to prove the application ot

the plastic theory to frames, six small

frames and two large portal frames

were tested to collapse. The small

frames were fabricated at 4 B 13

sections to the dimensions showi in

Figure 3. Two frames each were

tested as foliows:

(a) single vertical load, midspan
on the beam

(b) single horizontal load, at the

top of the column
(c) vertical and horizontal loads

combined
Figure 3 shows the results of the

tests on one of the frames tested with

horizontal and vertical loads. The
formation of plastic hinges in the

frame as the loading increased is

clearh- shown by the change in slope

of the curs es. The failure of the frame

at a value only slightly higher than

the predicted collapse load shows
again that the plastic theon»' can be
applied to frames.

34 5 6 7 8

FIG. I MOMENT-CURVATURE RELATION
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The results of the other tests on

the small frames showed almost iden-

tical results. It is interesting to note

here that 20,000 p.s.i. at the most

stressed point would have resulted in

W being restricted to approximately

5K whereas the factor of safety usually

used in Plastic Design of 1.88 would
have given a working load of 9.2/:.

This value is still below the load at

which yield first occurred anywhere
m the frame and permits an additional

84 per cent load to be carried without

distortion or fear of collapse.

The large portal frame which was
•^ested is shown in Figure 4 and the

loading arrangement in Figure 5. The
result of the test of one frame is

plotted and again shows the same
applicability of the Plastic Design

method. The first deviation from elas-

tic conditions appeared at 23 kips

when the curve of the vertical deflec-

tion at the ridge ceased to be linear.

Maximum permissible design load

(governed by 26,600 p.s.i. at E)

occurred at a value of W of approxi-

mately 6 kips which indicates a factor

of safety of over 1.9. The factor of

safety of 1.41 intended by the Plastic

Theory when wind forces are present

was slightly exceeded leaving a safe

margin before first yield in the struc-

ture.

The theory of failure of the small

frames and of portal frames is dis-

cussed in other publications.*' *

Shear, Instability and Connections

The effect of shear on plastic be-

haviour is complex but is essentially

a reduction in plastic bending capacity

due to yielding of the web under

combined stresses. This phenomenon
is discussed and formulae derived in

references 2 and 3 but it should be

noted that the formulae do not allow

for strain hardening which accom-

panies yielding of this type. Tests

on a 10 WF 25 beam of 8 foot span

loaded equally at points 21 inches

from the reactions showed less re-

duction in flexural strength than was
predicted. The tests did serve to show
however, that formulae designed to

predict failure when shear is present

are satisfactory.

Lateral instability of a 10 WF 21

loaded equally at points 28 inches

from the ends of a 10 foot span and
unsupported laterally, failed when the

load was only 65 percent of the esti-

mated plastic collapse load. It was
definitely shown that if large rotations

are to be permitted to occur, lateral

movement must be prevented. In prao-

tice, points of possible hinge formation

are braced laterally as in conventional

lateral design.

6 8 (c^v) 10

deflection (inches)

FIG 3
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Local deformations sometimes occur

in WF and I sections when large

strains occur. For full plastic develop-

ment of a hinge resulting in proper

moment redistribution, large strains

are required. To test this condition a

6 WF 15.5 beam of 10 foot span was
loaded at its third points and full

plastic resistance attained without

flange buckling. The ratio of flange

breadth to flange thickness for this

beam is over 22 while the recom-
mended* maxinium ratio is 17. In

17-5

certain other tests, particularK' in the

portal frame test, flange buckling did

occur, but not until after the hinge

had been formed so that no reduction

in capacity occurred.

Structmes designed to take advant-

age of moment redistribution must be

continuous. Frequently a knee joint

is required. The combination of bend-

ing and shear at this joint usually re-

quires that the web be reinforced and
simple rules have now been formu-

lated for these joints.^'

125

10

detoil of knee

15 2 0(vert)25 30
deflection (inches)

FIG 5

Tests were made on two knee joints

using 6 B 12 sections. One knee was

unreinforced. the other was reinforced

in the web. \\ ithout web reinforce-

ment the joint carried only 79 percent

of the theoretical capacity while the

reinforced joint carried 99 per cent.

Coiiclusion

These tests demonstrated beyond

doubt that the Plastic Theor>- can be

applied to large size frames built up

of rolled structural shapes and that

the use of higher workiiig loads will,

in most cases, result in more efficient

use of the material with a consequent

saving in cost while not causing i>er-

manent distortions.

Further details of these tests and

photographs of deformed niembers

ma\- be seen in another paper on this

subject."
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THE COST OF HOUSING is an

important public question in Can-

ada today. It is the subject of many
discussions, both pubHc and piivate.

The man in the stieet is vitally con-

cerned with housing, if only because

of the difficulty that so many people

have in finding the sort of homes
they need. Ali too many citizens aie

continually concerned with the prob-

lem of financing the shelter they

use. Almost ali Canadians indulge in

dreams, at some time or other, if not

of castles in the air at least of a

modern house unencumbered by
mortgage.

Not only is housing a matter of

concern to the man in the street, but

ít now occupies a dominant position

in the national economy. The value

of housing built in Canada each year

is approximately equivalent to the

total cost of ali major heavy engi-

neering construction. When thought

is given to the many miles of roads,

air fields, and the great dams and
power plants that are under construc-

tion in Canada today, this one fact

illustrates vividly the national im-

portance of housing. This importance
has been made clear in the recent

report of the Royai Commission on

Canada's Economic Prospects (the

Gordon Commission) which estimates

that between 1956 and 1980 Canada
will spend on housing forty-three bil-

lion, seven-hundred million dollars,

based on the 1955 value of the dol-

lar.

It is not inappropriate, therefore,

for the Division of Building Research

of the National Research Council to

regard research into the technical

aspects of housing as one of its great-

est responsibilities. Ali of its studies

in this field are carried out in close

association vvith Central Mortgage
and Housing Corporation which it

serves as a research wing on ali as-

pects of technical research. Both the

Corporation and the Division have
the pleasure of co-operating with the

National House Builders Association,

through its Research Committee. In

ali questions affecting the use of

wood in house construction, the Div-

ision correspondingly works closely

with the Forest Products Laboratories

of Canada.

In the many discussions on hous-

ing in which members of the Divi-

sion of Building Research staff take

part, often in association with mem-
bers of the staffs of the other organi-

zations mentioned, the cost of hous-

ing is paramount. Over the years it

has become clear that there are many
misconceptions in the public mind
about this vital aspect of housing. It

is not going too far to say that the

Division knows of no technical ques-

tion on which there is so much un-

informed thinking in Canada today
as the cost of housing. Correspond-
ingly there are few things that are

criticized more, in connection with

housing, than the high costs that

have to be met in the provision of

shelter in Canada in 1958. There is,

accordingh', a desperate and wide-
spread search for some solution to

the problem of "low cost housing".

The Division also encounters remark-
able misconceptions regarding the rel-

ative position of the cost of renting

shelter and of purchasing it. There
are probabh' more misconceptions

about rentals than about the cost of

new housing.

Comparisons are repeatedh" made,
in discussion between the cost of

new housing and of rentals toda>".
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and the coiresponding costs in 1939.

The Division hears ali too much in

the way of uninformed criticism

about the effect of standards and
cedes upon the progress of housing,

and even upon its cost. Statements
are made, often by amateur "experts",

about the fact that European coun-
tries can produce low-cost housing,

and suggest that Canada should be
able to do the same. Scandinavia is

usually mentíoned prominently in

such discussions. Some speakers will

even point to the United States,

again in contrast with Canada, as a

country in which low-cost housing is

being achieved. There is a claim that

if codes would permit the use of

prefabrication (on the assumption
that they impede this progress), in

some mysterious way low-cost hous-
ing would immediately be available

to Everyman. And in extreme cases

speakers will wax eloquent about the

wonderfui possibilities which "plas-

tics" present as the final answer to

the great low-cost housing problem.
This paper is an attempt to cut

through the fog of popular miscon-
ception on this problem and to make
available in convenient form some of

the facts of the situation upon which
discussion must be based, if it is to

be effective. It is, in fact, a simple
application of what is sometimes
called "engineering economics" to a

subject with which engineers, most
unfortunately, ali too often have too
little to do. In order to make the
presentation as straightforvvard as

possible, figures will be used for il-

lustrative purposes only, discussion
being confined rather to matters of
principie. The objective will be to

discover what is really meant by the
cost of housing and, if this can read-
ily be stated, to see in which direc-

tions reductions in current costs are

possible.

The Cost Of New Houses

Confining discussion initially to

the construction of individual single-

family houses, which today make up
the great majoríty of residences for

Table I

Items Involved In House Purchase
(a) (Land

(Services

(b) Structure
(Survey

(c) (Legal fee
(Commission to realtor

(d) Interest during
construction

Canadians and which represented

69% of ali new home construction in

1957, what is really meant by the

cost of such new housing? Many
people think only of the cost of the

structure itself or the amount that

has to be paid to the builder. This,

however, is only part of the cost.

Table I shows a breakdown of the

items which, together, must be con-

sidered in ali proper considerations

of the actual first cost, or capital

cost, of a new house in Canada to-

day. One small item which is per-

sistently neglected is the interest

upon capital which must be paid dur-

ing the construction of a house until

such time as the house is actually

occupied.

Real Or Annuai Cost

Perhaps the most difficult aspect

of the entire question of housing

costs is to gain general appreciation

for the fact that the real cost of

housing is not the first or capital

cost, but is the annuai cost. To en-

gineers and others concerned with

the economics of building, this is so

obvious that it is almost a truism.

Unfortunately, however, this appre-

ciation of the importance of annuai

cost is restricted to a very narrow
cúcle. It is only by proper considera-

tion of annuai costs that any true

comparison of real housing costs can

be made. Table II lists the items that

must be considered in an assessment

of the real or annuai cost of a house

in Canada today.

Some comment is required on the

follovving items shown in Table II:

(a) This must be the interest, at

the current interest rate for real es-

tate loans, upon the total capital out-

lay for the house, i.e. upon the total

of ali the items in Table I, irrespec-

tive of what "down payment" has

been paid in connection with a first

mortgage.

(b) Payments for the anticipated

amortization of the property must be
included in realistic calculations of

housing costs, if only because such

payments must be made when houses

Table 11

Breakdown of Annuai Cost of Housing
(a) Interest on capital

(b) Amortization
(c) Maintenance
(d) Taxes
(e) Operation

Heating
Light and power
VVater

(f) Insurance

(g) Transportation

are pru"chased under the National

Housing Act. Further than this, how-

ever, it is only sound economics tc

allow for such payments. They rep-

resent the Hquidating of the mort-

gage within a specified number of

years from the time the house is

completed, a period of up to thirty

years under exisdng N.H.A. regula-

tions. This means that, at the end of

the mortgage period. a house will be

free of debt and yet, if maintenance

has been carried out effectively, the

house will have a certain market

value. This value represents what can

best be expressed as "enforced sav-

ings".

It is easy to overlook the fact thal

exactly the same savings could have

been achieved if the house ownei

had, for example, rented accommo-
dation throughout the period of the

mortgage and invested soundly ex-

actly the same regular capital

amounts as he has paid on his mort-

gage. What has tended to obscure

this aspect of house purchase has

been the steady devaluation of the

dollar during recent years, the sale

value of a house therefore increasing

in the coiu^se of time instead of de-

creasing, as it does in real value. And
since human nature is what it is, the

enforced saving which the purchase

of a house usually involves is, for

most citizens, one of the few really

effective wa\s of saving regularh.

[c] Maintenance costs for a house

are ali too often forgotten. especially

in cost calculations made very short-

ly after a house has been occupied

when ever\thing is ship-shape and

nothing obviously in need of repair,

But over the effective life of a house,

even when designed and built to the

highest standards, maintenance costs

must be incurred to co\'er tlie repaii

of ordinary wear and tear, the re-

placement of breakage, the repainting

of painted surfaces, the maintenance

of mechanical and eléctrica! equip-

ment in good order etc. Some of these

indi\idual items can be appreciable

but long experience has showni that if

total maintenance costs are a\eraged

over the useful life of a house. an

annuai average cost can be obtained

that may con\enientl>- be expressed

as a percentage of the total first cost

of the house. For modem well-built

Canadian houses, an average annuai

sum of IV4% is the minimimi that

can be safeK' allowed.

As with ali ax erages, there can be

substantial deviations from the figure

suggested. For example, maintenancí»

of the ordinary Canadian house in-

volves painting at loast a part of tlie
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í-xterior of the structure. If this costs,

say, $60 per year ($180 every three

\ears), it can readily be seen that,

vvith an interest rate of 6%, this an-

nual payment is the equivalent of

$1,000 added to the capital cost of

the house. If a satisfactory exterior

finish which does not require any

painting can be obtained for less

han $1,000, then there exists econ-

inic justification for changing the

lesign to include this finish, although

'^here may sometimes be aesthetic or

ither personal objections to such a

course. Correspondingly, taxes may
be higher if the exterior finish of a

ouse is improved.

(d) Little need be said about
ixes, as a component part of the real

i)st of housing, since they are gen-

erally so recognized. It is sometimes
íiecessary, however, to point out that

it is this item which must include the

(inancial allowances for new schools,

new hospitais, new fire and police

Services and the many other neces-

sary civic provisions for new housing
i^reas.

(e) Costs of operation of a house
are well recognized household ex-

penses; that they must be considered

tn determining the true cost of hous-

mg will be evident when it is re-

oalled that rents may or may not in-

clude the four items listed (heating,

light, power, and water) so that ali

must be included in any comparisons
that are to be valid. Further, the cost

oi house heating is directly related

to the expenditure upon insulation.

There are available helpful papers
\'hich enable the economic thickness

>f insulation to be determined for

iny locality in Canada, with varying
I rices of insulation and fuel, there

eing for any combination of these
II ices and a fixed heating load a

thickness of insulation beyond which
t does not "pay" to go in increased

ipital expenditure.

(/) The cost of insurance upon a

ouse, for possible loss due to fire

and damage due to "Acts of God", is

not only an essential annual charge
against a house when so required in

connection with the issue of a mort-

gage, but is also a more than desir-

able expenditure even without this

imperative.

(g) The inclusion of the cost of

transportation as a part of the real

or annual cost of housing may at

first sight be surprising. It is certain-

ly a hidden cost, or is perhaps more

accurately described as the element

of housing cost usually neglected, if

indeed it is even recognized. The es-

sential character of this item, if hous-

ing costs are to be realistically as-

sessed and equitably compared, is

shown as soon as it is remembered
that in practically ali Canadian cities

new housing developments are lo-

cated on the outer fringes of the ex-

isting built-up áreas, thus being re-

moved by steadily increasing dis-

tances from existing industrial and
commercial office áreas.

There are, of course, new industries

also being built on the peripheries of

cities but in general the steadily in-

creasing distances to be travelled by
new householders, as the scramble

for relatively low cost building lots

continues, cannot be denied. Public

transportation may be used, in which
case the cost is clear cut and easily

recognized, but even when private

automobiles are used, the cost is

stUl there, even though it may not

be so generally recognized or

acknowledged. To ali this should

really be added the value of this time

wasted in travelling, beyond a cer-

tain minimum that will always be
necessary.

An Example Of
Annual Housing Costs

Against the background provided

by these explanatory notes, it may
be useful to illustiate the discussion

with a typical numerical example.

This is shown in Table III, a com-
putation based on existing rates and
interest charges, applied to a capital

investment of $20,000. This sum may
be broken down into $15,000 as the

cost of the structure, and $5,000 for

the land, services and ali other cap-

ital items shown in Table I.

Some of the figures suggested

might be criticized as being too low;

they cannot be regarded as unreason-

able. Accordingly, it is significant

that the total annual payment is the

equivalent of $200 per month. This

is one per cent of the total invés ted

capital. Older readers wOl perhaps

remember, from the days when rent-

ing accommodation was not as un-

common in Canada as it is today,

that a generally accepted rough and

ready rule for calculated rentals was

precisely the figure arrived at (with

no preconceived ideas) in the above

calculation—one per cent of the total

capital cost per month. It is the an-

nual cost shown in the Table that

should be compared with annual

rental charges. And it is rather more
than surprising to find how many
Canadian citizens have no idea at all

of the rental they would have to pay

to obtain accommodation equivalent

to the houses in which they Uve.

It may be objected that the total

annual cost shown in Table III in-

cludes the "enforced saving" in the

amortization item, an objection that

is well taken. But this sum is only

$335 per year ($28 per month), so

that if it is completely deducted (a

questionable procedure) the over-all

picture is still not substantially

changed, the annual cost of the $20,-

000 property still exceeding $2,000

without including any transportation

costs.

Another objection to such figures

as those just presented is that many
Canadians build their own homes, at

least in part, again an objection often

well founded. But the labour of the

owner has some value, if only as the

equivalent of the labour saved in the

house-building operation. This will

be little more than "common labour"

in most cases, skilled tradesmen hav-

ing usually to be employed for all

specialist work. As an extreme case

(and anyone who has participated in

house building while performing his

regular daily job will be the first to

admit that it is an extreme case) con-

sider the work of a man who spends

20 hours every week at his house-

building "hobby" for 50 vveeks of

the year, long enough to include the

usual duration of the construction of

one house. This would be a total of

1,000 hours which would be worth,

at $1.50 an hour, a total of $1500 or

just 10 per cent of the total cost of

such a typical house as used for an
example in Table III. The corres-

ponding reduction in annual cost

would be a maximum of $115 (or

4.8%) but only if the amortization

item is neglected. Admittedly these

Table Hl

Example of Annual Housing Costs

Interest on capital at 6%
Amortization charges, based on 25 years,

compounded semi-annually
Maintenance at 1%%
Taxes (at least . . . ). .

Insurance
Operation — heating and water

— light and power
Total excluding transportation

Annual
Amount

Percentage
of Total

$ 1200 50

335 14
250 10
300 13
35 1

180 8
100 4

$ 2400 100
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figures niake no allowance for the

personal satisfaction that self-build-

ing gives biit even this reaction

should not be allowed to obseure the

basic ecoiiomics of the cost of hous-

ing.

The percentages inckided in Table
III are wortliy of note. Approximately
two-thirds of the total annual cost of

housing is in the first two items, an
aniount arrived at by combining the

total capital cost with a given interest

rate. The remaining third is made up
of items that do not depend directly

upon the current interest rate for

money and items whích, if deter-

mined as has been suggested, are al-

most fixed amounts, capable of littíe

change. Any appreciable saving in

the real cost of housing must, there-

fore, come froni a reduction in cap-

ital cost or in interest rate, or from
an increase in the amortization

period. Of these three components,
the thiid is almost negligible as com-
pared to the other two; there is also

little probability of any substantial

increase in amortization periods for

Canadian houses in the immediate
future. In considering possibilities for

reducing the cost of housing, atten-

tion must therefore be concentrated
upon interest rates as well as capital

costs.

A Note On Transportation
Costs And Housing

It is only with the development of

post-war "urban spravvl" and the con-

current increase in the ownership and
use of private automobiles, that the

cost of transportation has loomed so

large in the housing picture. Transit

authorities are ali too well aware of

the changing pattern of the urban
transportation picture, possibly the

most serious aspect of which is that

as the áreas to be served by urban
transportation facilities have in-

creased, so also has the use of private

automobiles. In consequence, while

passenger volume has often dropped,

route mileage has had to be in-

creased. So serious is this that some
Canadian municipalities are facing

the prospect of subsidizing their local

transportation systems. When this has

to be done, transportation costs will

be partially reflected in municipal

taxes in addition to the direct costs

involved which are obvious, even if

usually neglected, in discussions of

housing costs.

Assume that in order to obtain a

building lot at "reasonable" cost, a

prospective householder has to buy
land ten miles away from his place

of work and that he works the usual

five-day week. Table IV shows the

transportation costs involved, using

various means of transport and mini-

mum mileage rates. It will be seen

that, even with the minimum figures

used, at least $10 per month must
be included in any estimate of hous-

ing cost (and corresponding figures

for other housing proposals), if re-

alistic comparisons are to be made be-

tween various alternatives. It may
usefully be noted that since the cost

of the house structure will be approx-

imately the same within any one mun-
icipal area, the extra cost of transpor-

tation can properly be equated
against the decrease in the cost of

land and services with increasing

distance from the civic centre (a de-

crease to which there is, of course,

a limit).

$125 per year represents, at 6% in-

terest, a capital amount of over $2,-

000 which therefore represents the

absolute minimum difference in the

cost of a building lot to justify the

selection of a location ten miles from
place of work instead of a location

adjacent to it, if available, such that

no transportation cost would be in-

volved.

A Furtlier Look At Capital Costs

If reference be made again to

Table I it will be noted that the onh
cost over which a prospective house-

holder has any control is the cost of

the structure. The cost of land will

be determined by land-market con-

ditions for the area in which he
wishes to build, a matter to be re-

ferred to again later. The cost to

him of the necessary services will be
determined by the actual installation

costs, either by municipal autliorit\-

or the land developing agency. Land
survey costs are based on fixed pro-

fessional charges. Legal and realtor's

fees are based on the cost of the

property at percentages fixed for

every locality. Interest during con-

struction will depend on the duration

of the construction period and cur-

rent interest rates.

What of the cost of the house it-

self? For a t>pical Canadian house

of today, the total cost can be broken
down, roughly, into:

Materials 45?
Labour 45%
Overhead and Profit 10?

Total 100?

Some readers will remember the old

saying that "one third of the cost of

a house goes to the local lumber yard",

a rough and ready gviide that agrees

with the suggested breakdown of

costs.

For the conventional t\pe of

modern house. containing what the

"average Canadian" today demands,
there can be little saving in the cost

of materiais, if purchased through the

usual sales channels. An\' appreciable

savings can, therefore, onh come from
a more efficient use of labour such

as by the use of prefabrication.

Canadian house building practice.

how ever, is not unduly inefficient; on
the contrary. the operation of niost

well established builders is reason-

abl\' efficient: it has to be, to avoid

the inevitable consequence of com-
petition. Big savings in labour costs,

for conventional consti-uction, ai"e not

therefore to be expected. E\"en if a

saving of lO^f could be effected, this

would mean only a saving of 4.5%
on the total cost of the structure. and
certainh- not more than 3% on the

total capital expenditure.

Do Standards .\ffect Costs?

When those who are concemed
about the cost of housing first en-

counter figures such as those just cited.

an almost immediate reaction is that

they do not tell the true story "since

building codes (or standards) inter-

fere w ith an\ real reduction in costs."

\\'hat are the facts?

On the technical sido. most of the

housing built in Canada since the

war has been under the aegis of

Central Mortgage and Housing Cor-

poration, and therefore subject to the

CM. H.C. Building Standards'. The

• Published by the N.-ítional Research
Council. Division oí Building Research,
as "Housing Standards" since Jan. Ist
1958.

Table IV

Typieal Transportation Costs

Two trips per day of 10 miles each:
5 days per week: 50 weeks per year ANNU.AL COST
(a) If publíc transportation is

used, at 25c per trip . . $125
(b) If private car ís used with

single passenger at 10c per mile $500
(c) If private car is used, shared

by 4 passengers at 10c per mile $125
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Corporation permits the statement to

be made that few, if any, of the houses

built under the NHA have been con-

structed down to the minimum re-

quirements of their "Building Stand-

ards".

There are other standards, how-
ever, in the housing fiekl, those

purely personal preferences which
arise from social pressures. Lest it be

thought that this is a facetious refer-

ence, Table V is included to show
how these "social standards" (and cer-

tain other factors) do affect the cost

of housing. The figures represent

national averages for single family

houses constructed under the National

Housing Act for the years noted.

(i) It was not "Standards" or

"Codes" that caused the increase here

noted but mainly the desire of the

average purchaser to get a larger

home than the minimum required

under CMHC requirements.

(ii) Although the increase in the

size of the average home is surprising,

some increase in the cost per square

foot for house building is to be ex-

pected in view of the decrease in the

value of money between 1947 and
1957. When it is recalled that during

the period under revievv the actual

value of the building dollar has de-

creased by about 43%, it vvill be seen

that Canadian builders, on the aver-

age, have been doing a good job and
that they are not to be blamed for the

state of housing costs in this country

today.

(iU) This increase is typical of the

figures commonly used in current

popular discussions of housing costs.

It will illustrate the misleading charac-

ter of cost comparisons on a total cost

basis (a matter to be dealt with in

the next section). Its true character

can only be realized when it is re-

called that it includes for a much

larger average size of house as well

as the over-all increase due to the

change in the value of money in these

last ten years.

(iv) Finally, if there are any doubts

about the serious effect that land costs

have had upon housing costs, this

over-all national average of an in-

crease in the cost of land for single

family dwellings of 336% should serve

to remove ali such indecision. When it

is remembered that in many smaller

localities, the cost of building lots has

not changed appreciably, the full sig-

nificance of this figure will become
apparent. It must be pointed out that

a part of the increase shown must
almost certainly be accounted for by
the fact that it is more common today

than in 1947 to include in the cost of

land for housing the cost of the neces-

sary services. Making every possible

allowance for this, however, and for

the change in the value of the dollar

since 1947, the fact remains that in-

creases in the cost of Canadian build-

ing lots in the last decade cannot be

rationalized in any way at ali; the

increase constitutes one of the major

unsolved problems in the high cost of

housing in Canada today.

How Should Capital Costs
Be Compared?

The third column in Table V shows
clearly how misleading a comparison

of unqualified capital costs for hous-

ing can be. It is therefore essential,

in any reasonable discussion of hous-

ing costs, to specify capital costs with

reference to (a) the year of building

and (h) the size of house involved.

Ali citizens are well aware that the

value of the dollar has changed ap-

preciably during recent years. A con-

venient way of measuring the change,

with reference to housing costs, is

by means of a "construction index".

a figure compounded from a number
of individual unit costs which, to-

gether, give a good general index for

true building costs in any one year.

Typical constructions cost Índices are:

1929 - 100
1940 - 93
1955 - 235

These figures show that building

costs in 1955 (and so today) are at

least two and one half times what

they were in 1940, due only to the

change in the value of money. It is

therefore essential that when capital

house costs are mentioned, the year

of construction be given too, so that

due allowance can be made for the

change in the value of money.

It is not without interest to note

that, in view of this, and making
allowance for the change in the stan-

dards of house equipment (such as

the modem heating systems and tiled

bathrooms, demanded today) it can

easily be shown that the true valué

of house structures as built in Canada
today is at least as good as, if not a

good deal better than, the value of

houses built before the war.

Total costs of houses must also be

defined in relation to the size of the

house in question, as can be seen

from Table V. A common way of

doing this is to divide the total cost

of a house by the finished floor area,

thus getting a cost per square foot of

floor, as used in the table. This is a

useful "unit cost", much more mean-
ingful than any total cost can ever be.

At the same time, even this unit cost

can be somewhat misleading. Its use

is based on the assumption that the

ceiling heights are the same for ali

the houses, the costs of which are

to be compared. This may be true if

ali the houses under review have been
built under CM.H.C. regulations. But

if older houses, or some houses of ad-

vanced architectural design, are to be
included in any comparison, then

square foot costs may not be accurate

since the volumes of enclosed space

represented by one square foot of

floor area will not be the same. Fur-

ther than this, the calculation of the

"finished floor area" of a house (es-

pecially if stairwa\'s are involved) is

not a straightforward matter and, to

some extent, is dependent upon in-

dividual judgment.

An alternative suggestion has been
ad\ anced of measuring the total area

of finished floors, walls and ceilings.

i.e. the total finished area within the

house, and then dividing the total cost

by this figure to give a unit cost per

square foot of finished surface.

Table V

Estimated Costs of Single-Family Dwellings Financed

Under the National Housing Acts

Source: Canadian Housing Statistics, C.M.H.C., First Quarter, 1958, Table 60, page 39.

Year Average Average Average Estimated Costs"
Finished Construction Construction'""' Land"">

* Floor Area Cost/sq. ft.

sri. ft.

1947 839 $ 6.91 S 5,796 $ 523
1957 1,154 $10.48 $12,100 $2.293

Increase 38? 52% 109? 336?

(i) (ii) (iii) (iv)

• Estimated by loan applicants.
•* Land cost data reflect the prices paid for lots. These prices vary with changing

proportions of fully serviced, partially serviced, and unserviced lots. In the case
of serviced lots, prices also vai^ with changes in the method of financing as
between municipal financing, where part of the cost is covered by local improve-
ment charges, and full financing by builders or developers.

•** 1957 figure includes the cost of oil burners; 1947 figure does not.
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Theoretically desirable though such a

unit cost might be shown to be, it is

very cumbersome and time-consuming
to use in piactice. There is, fortun-

ately, another type of uiiit cost that is

very much easier to use, that is clear

cut in application, and that can con-

veniently be applied to any type of

building. This is to determine the

cost per cubic foot of usable space

within the outer shell of a house. The
total volume is easily calculated, and
even though slight errors (or differ-

ences) might be made in the over-all

dimensions selected for the volume
calculation for any particular building,

the error thus produced in the final

total volume will usually be so small

as to be negligible. It is therefore

recommended that, in ali comparisons
of house costs, the year of building

be always mentioned and that costs

per cubic foot should always be used
as the basis of comparison.

Some Examples Of Cubic-Foot Costs

Costs per cubic foot have been used
as índices of building costs by archi-

tects and engineers for a long time.

There is, therefore, much relevant

and useful information available from

which the limiting values for "cube-

costs" as they are sometimes called

can be determined. Based on 1958

prices, the foliowing ranges of cubic

foot building costs will be found to

be applicable in Canada:

Extreme Limits 50c to $3.00
Límits for

Normal Buildings 60c to $2.00
Limits for

Residential Buildings 75c to $1.50

These limits will be surprising to some
readers, especially when it is realized

that the range of unit costs for resi-

dential buildings is only in the ratio

of 1:2. Since this includes domestic

accommodation from the simplest type

of shelter to the most completely

equipped and beautifully finished

house, it will be seen that the possi-

bilities for major savings in the cost

of the structure of houses of a given

size is strictly limited.

Table VI is presented to illustrate

the utility of the cost per cubic foot

as a basis for comparison of house

Table VI

Typical House Costs For Toronto 1955

Source: Royai Commission on Canada's Economic Prospects. The Canadian
Construction Industry, Study No. 34, The Royai Bank of Canada. Ottawa.
Oct. 1956, p.200. (Based on CM.H.C. figures; a uniform ceiling height
of 8 feet is assumed)

Type of House .\rea

so. ft.

Cost
$

Cost
per cu. ft.

6-Room Frame 1,650 15,150 $ 1.15
6-Room Brick veneer 1,165 11,800 1.25
6-Room Brick 1,520 14,800 1.22
Frame Ranch 1,170 11,750 1.25
Brick Veneer Ranch 840 9,200 1.37
Califórnia Bungalow 992 10,250 1.28

Table VII

Unit Construction Cos*s For

Large Apartment Blocks

Sources: Royai Commission on Canada's Economic Prospects.

The Canadian Construction Industry, Study No. 34,
The Royai Bank of Canada. Ottawa, Oct. 1956, p.200.
(Based on CM.H.C. figures; a uniform ceiling height
of 8 feet is assumed)
and Engineering News-Record, Vol. 160, p.91, March
20, 1958

City
Type ot

Structure
No. of

Apartments
Cost

$

Cost Der
cu. ft.

Toronto Brick 18 112,.550 1.06

(1955)
Toronto
(1955)

New York

Brick 30 178,350 1.05

Brick and 148 1,985.700 1.43

(1957) Reinforced
Concrete

New York Brick and 2,025 21,5.56,064 1.12

(1957) Reinforced
Concrete

costs. The figures quoted show clearl>

the slight variation there is, for the

unit cost of buildings in Toronto in

1955, despite differences in type, in

floor area, and in total cost. Table \T1

illustrates the application of the same
unit-cost procedure to large blocks oí

flats and apartments, showing clearly

that typical unit costs of this type of

housing toda\- have a spread in cost

only of between SI.05 and $1.43 per

cubic foot.

How Can Reductions
In Cost Be Achieved?

Behind ali the foregoing analysis of

housing costs is the continuing ques-

tion which is of such concem in

Canada today — how can reductions

in house costs be achieved, with spe-

cial reference to the needs of those

citizens whose incomes are lower than

the national average. If it has done

nothing else. this analysis will have

shown that there is no easy answer

to this question.

It wiU now be clear that there is

no single factor which can be blamed

for the 'Tiigh cost of housing" since

many factors combine to make the

cost of residential accommodation

what it is today. Let it be said once

again that the cost of a house struc-

ture itself is not, as is so commonly
supposed, the only item of importance

in such considerations.

It has been shown that from the

long-term point of view the only sound

basis upon which housing costs can

properly be judged is by considering

the real or annual cost. Sound though

this point of view most certainly is. it

is admittedly difficult to get the "man
in the Street" to appreciate this essen-

tial aspect of housing costs when he

is faced with the problem of finding

the down pa\-ment and arranging for

the necessary monthly pannents of

the house he wants to buy.

Even though a reduction in first cr

capital cost is what the average citizen

would like to see in connection with

the housing that he needs, reference

to Table III will show clearly that

quite the most important factor in the

cost of housing in Canada today is

the cost of inone> , as represented b\

the interest and the necessary capital

in\estment and in the calculation of

the necessary amortization paxTiients

It can be stated w ithout qualification

that an appreciable reduction in the

interest rate upon nione> would do

more to reduce the cost of housing in

Canada than an>- technological im-

proxements in house structuros that

can be foreseen at prescnt. This does

not inipK that no tecluiicAl improw
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nients are to be expected, the state-

ment rather placing emphasis where
it should be placed in any over-all

assessment of housing costs today.

When Table II is considered in re-

latíon to Table IV it will be appre-

ciated that the most serious increases

of cost have occurred in connection

with the land necessary for house con-

struction in urban áreas. What can

be done to control or reduce present

land costs is a matter beyond the prov-

ince of this paper. It must be stressed,

however, that much of the basis for

the complaints made today against

the "high cost of housing" is to be
charged against the high cost of de-

veloped land and not to the cost of

house structures themselves.

Tuming next to the cost of house

structures, but remembering that this

item is only one of many in the whole
picture of housing costs, it has been
shown that part of the recent increases

in the average cost of housing in

Canada is attributable to the steady

increase in the size of the average

Canadian single family homes built

in recent years. One most effective

way of reducing housing costs is,

therefore, by reducing the size of

houses built for sale, at least down to

the minimum levei required by cur-

rent housing regulations. Such a move
would have to be made, however, in

the face of public demands for

changes in exactly the opposite direc-

tion. Only when houses are being built

to approximately the minimum sizes

called for under current regulations

can complaint properly be made that

codes or standards are standing in the

way of further reductions in cost.

It may be objected that ali the costs

cited for house structures relate to

what can best be called conventional

construction as practiced in Canada
today. This is true, but a detailed

analysis of the costs of the various

components of houses — such as the

foundation, the walls, the floors, the

roofs, and the necessary equipment —
shows quite clearly that even the use

of some radical new material for one
or more of these components, if it

were to be generally accepted by
Canadian householders, would have a

relatively small effect on the total

capital outlay for a new house and
correspondingly upon the real or an-

nual cost of such accommodation.
Small though such cost reductions

may be, they will contribute theií-

small quota to the over-all and de-

sirable reduction in housing costs.

Search for such technical improve-

ments is the continuing responsibility

of the Division of Building Research
of the National Research Council

which works, in this field, closely with

Central Mortgage and Housing Cor-

poration and with such bodies as the

Forest Products Laboratories of Can-

ada. Theoretical analysis and labora-

tory studies are in progress, and have
been so for some time, into possible

improvements not only in house struc-

tures (for which purpose a full-scale

house was tested almost to destnic-

tion) but also in relation to the main
components of housing structures. A
recent publication put out jointly by
DBR, CMHC and FPL, which pre-

sents a series of designs for wooden
roof trusses, is but one indication of

the advances that are being made,
steadily if slowly, in this direction.

Many Canadians point to experi-

ences in other countries in low cost

housing developments and ask why
the same results cannot be achieved in

this country. In their continuing search

for improvements in housing, the

writer and his colleagues in the

Division of Building Research, N.R.C.,

have now visited more than a dozen
other countries in order to study local

house building methods and housing

practice. Nothing has yet been seen

which would suggest that Canadian

house builders are neglecting any

technical advances which would con-

tribute appreciably to the reduction in

the costs of single family dwellings.

When low cost housing is achieved in

other countries, and this applies par-

ticularly to Scandinavia, it is found

in every case to be due to a combina-

tion of the use of multiple dwelling

apartment blocks, with living áreas

much smaller than are used in Canada
today, and low interest rates ranging

down even to 1%%, associated with

amortization periods up to 75 years.

Conclusion

It is not the province of this paper

to comment upon the possibilities

which any of the foreign practices

present for the Canadian scene since

so many sociological factors and mat-

ters of public policy are involved. The
conclusion is inescapable, however,

that, looking only at the Canadian

scene and without reference to the

experience of other countries, one de-

velopment to be expected may well

be a change in the trend of Canadian

housing towards the redevelopment of

central urban áreas rather than a con-

tinuation of the building of single

family dwellings on the steadily ex-

panding peripheries of Canadian

cities. In this way land costs can be

controlled, land can be put to more
efficient use than at present, unneces-

sary transportation costs can be

avoided, and some progress made

towards actual reduction of the cost

of housing structures themselves by

competent design and construction

which utilizes the facilities of large

construction equipment rather than

the efforts of the builder of single

homes.

Attention is directed again to Table

III since it points so clearly to other

conclusions, notably the importance of

the "cost of money" in any considera-

tion of the true cost of housing. For

example, if it were possible to borrow

money in Canada today for first mort-

gages on houses at an interest rate of

.5%, the change from 6% to 5% in the

Table would mean an annual saving

of more than $240, or more than 10%,

a saving that can not be achieved at

present to the same extent in any

other way, without reducing appre-

ciably the size of the house.

It is well accepted practice in

Canada to regard approximately one

quarter of a family 's income as the

maximum amount which should be

spent on the provision of shelter.

Applying this to Table III (and using

24% for convenience) it can be seen

that a house costing, with land, $20,-

000 corresponds to an annual in-

come of

2400
X 100 = $10,000

24

This suggests as a guide to thinking

in Canada today about house costs

(i.e. at 6% interest), that the total

capital cost of a single family house

should not exceed twice the annual

family income. For those with annual

incomes of $5,000, the "$10,000

house" is therefore the maximum that

should be considered. This is the real

challenge of low-cost housing.

The main conclusion to be drawn
from this study of housing costs in

Canada today is that there are no
miracles to be expected in the direc-

tion of sudden and appreciable reduc-

tions in the cost of housing of any

type. So many factors are involved

and they are so closely interwoven

that cost reductions, when they can

be achieved, will only come gradually

and cannot possibly be of any con-

siderable magnitude without rather

drastic changes to the social and eco-

nomic setting in which housing in

Canada today must be viewed. It may
be objected that nobody bothers to

think about the over-all economics of

housing in Canada today, as outlined

in this paper. To this there is onh'

one reply which can be made —
they should.
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INSTRUMENTATION IN INDUSTRY

INTRODUCTION
to a series of articles

to be published in

THE ENGINEERING JOURNAL

Systems engineering is not a new discovery. It is a

common engineering approach, with a new and important

meaning because of the greater complexity and scope

of problems to be solved. While it can be extremeh

complex it may be simply defined as "logical engineering

within physical, economic and technical limits", bridging

the gap between fundamental laws and a practical

operating system.

Instrument and control engineering is simply one

aspect of systems engineering. It is vitally important and

highly publicized, because ability to create automatic

controls within overall systems has made possible the

reaching of objectives never bafore attainable. Though
automatic controls are vital to svstems that are to be

controlled, every aspect of a system is essential.

Control engineers have been leaders in building up

a systems approach in the various technologies. Some of

them have gradually become specialists in measiuement

and control, and this has created the nucleus of a new
emphasis on systems engineering.

Systems engineering calls for highly trained technical

personnel. Its direction must be closely tied to top man-

agement and must be recognized as more than mereh' a

mechanical job, since it involves both technical training

and administration. With the current shortages of uni-

versity graduates, engineers now employed in industry

should be given every opportunity to become trained

through practical experience in this fíeld.

Extending as it does over ali types of industries and

technologies, instrumentation is rapidly approaching the

status of an independent profession. If this recognition

can be achieved it will beneíit evervone connected with

this relatively new branch of engineering.

Purpose of the Articles

In this issue The Engineering Journal publishes the

first in a series of articles relating to instrumentation in

Canadian industry. This series has been designed and is

being undertaken by the Engineering Institute of Canada

as a service to Canada's fast growing and widely diversi-

fied manufacturing and processing industries. Through it,

it is hoped, companies within each group covered will

benefít from the information reported by other organiza-

tions in the same group. But the long-range purpose of

the series is the exchange of 'knowhow' about instrumen-

tation between one group and another, to show how any

industry ma\- adapt methods used elsewhere to its own
advantage.

The articles covering various industrial groups and

the monthly issues in which the\' will appear are

scheduled for 1959 as foUows:

January: Chemical Manufacturing

February: Pulp and Paper

March: Food Industry

April: Metal Fabrication

May: Power—Development and Distribution

June: Waterworks

July: Steel Making & Foundries

August: Oil and Gas Industries

September: Chemical Processing

October: Modem Boiler Rooms

November: Textile Industry

December: Business and Institutíonal Buildings.

In general, the object of the series is to determine

to what e.xtent the application of instrumentation and

control lead to more uniform production; how costs per

unit can be reduced; how installation of instruments has

ahead>' cut dov\ii operating costs; how it has reduced

spoilage and led to greater uniformitv in the end-

products, and speeded up production.

Other information to be brought out will deal with:

initial cost of instruments. tlie cost of maintaining and

repairing them, and the resulting o\'er-all sa\ings; how

long it takes to recover the original investment; who is

responsible in the plant for maintenance and repair, and

w hat these items cost annualh'; who specifies the t\pes

of instruments; who bu\'s them; who installs and ser\ ices

them; and what are the \'arious instrinnent applications.

Finns representati\e of each industrx grouping are

being approached for specific information. They ai-e

being invited to indicate the source of infoniiation, but

lhe companies' names will not be publislied. Manufac-

turers or suppliers of instruments are not being asked to

suppK data rcquired for this series.
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INSTRUMENTATION
IN INDUSTRY

Part One

of a Series

CHEMICAL MANUFACTURING

IN 1957, THE LATEST year for

which full statistics are available,

there were 1,140 plants in Canada
with some 54,600 employees in the

entire chemical and allied products

group, of whose products the selling

value amounted to $1,201.6 million.

Materials used that year in manufac-
turing processes cost $561.9 million,

and fuel and electricity cost 42 mil-

lion. Salaries and wages amounted to

$218 million.

Imports were valued at $293.8 mil-

lion, and exports at $195.3 million.

Only fertilizers, toilet preparations,

and miscellaneous groups shovved de-

clines from the previous year. Greatest

gains were shown for vegetable oils,

42.7%; heavy chemicals, 17%; com-
pressed gases, 15%; medicinais and
pharmaceuticals, 12.2%; primary plas-

tics, 12.2%; adhesives, 10.6%; soaps,

polishes, and dressings, each 9.1%;
paints, 5.5%. Profits, however, did not

increase in proportion, due to higher

labour and capital costs.

In 1958, sales of ali chemical prod-

ucts during the first nine months
showed an increase of some 7.3 per
cent over the same period of 1957.

Though statistics do not record a

breakdown as between chemical man-
ufacturing and chemical processing,

due to considerable overlapping and
to the fact that many firms both pro-

duce and process chemicals, manu-
facturing probably accounts for about
40 per cent of the total selling value.

Fivefold Increase Foreseen by 1980

For the immediate future it is an-

ticipated some sectors of the industry,

for example those producing chlorine

and alkalies, will be operating below
full capacity due to the current slow-

down in consuming industries. In con-

trast, however, the production of sul-

phuric acid has risen sharply and will

continue to do so in 1959, due to

greater production of sulphur as a

by-product from natural gas, and to

a sharp rise in consumption for leach-

ing uranium ores.

Despite the possibility of a period of

overcapacity during the next year or

so, the longer term prospects for the

industry are full of promise. The
Gordon Commission predicted the vol-

ume of chemicals produced in Canada
would represent some 10 per cent of

the GNP by 1980 as compared with

5y2 per cent in 1928, or about five

times the volume produced in 1955.

This would amount to a selling value

of more than $5 million in constant

dollars.

What Producers Say

About Instrumentation

As might be expected in a country

where almost every manufacturing

area enjoys an abundant supply of

dependable and cheap electrical en-

ergy, nearly ali chemical industries

buy their power from central electric

stations. A few, however, have stand-

by equipment and alternative fuel

supplies available to maintain heating,

process steam, light, feed-water and

compressed air supplies in the event

of a temporary shut-down.

Generally, input and output of

power is not checked by the manu-
facturer, who relies entirely on the

metering recorded by the utility from
whom he purchases electrical power.

Steam Power Plant Instruments

Instruments most commonly used

in the steam boiler plants are those

for boiler control and for metering

steam-flow; for recording and con-

trolling air-flow, steam pressure, tem-

perature, boiler output, and feed-

water. A list of such instruments

would normally include flow-meters;

oil pressure gauges; draught gauges;

levei controls; temperature and steam

pressure controllers and gauges; con-

trol valves; and thermometers. The
capital cost for the entire group of

these devices is normallv estimated

at between $5,000 and $10,000, de-

pending on the size of the plant.

In most cases separate plants are

not used for steam heating and pro-

cessing, the one steam boiler plant

being used for both purposes. Most
of the replies received indicated that

the instruments in these boiler plants

were installed at the time the plant

was originally built, with only minor
changes and additions made as re-

quirements demanded. Provision has

been made for the installation of fur-

ther instruments whenever the invest-

ment is justified for costing or for

proper control of the operation. Steam
is rarely used for power generation,

but almost entirely for heating build-

ings and for processing the chemicals

produced.

Who Specifies the Instruments?

Instrumentation installations in the

original plant are usually designed

and specified b\- consultants in con-

junction with the conipan\''s engineer-

• The informatíon contained in this article is based on replies to a question-

naire sent to chemical companies with manufacturing centres located across

Canada.

• As expected, the replies to specific questions have shown a wide diversity

in the extent and use of instrumentation. Therefore this article, in common
with succeeding items in the series INSTRUMENTATION IN INDUSTRY,
has been written to present a cross-section of the extent of utilization and the

cost of instrumentation within a specific field.

• Those who replied to the questionnaire from which this article was compiled

are producers of heavy or industrial chemicals, acids, alkalies, ammonia, pri-

maries for plastics, organic chemicals, and compressed gases; and allied or-

ganizations that use chemical engineering principies.
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ing depai tineiit. Any additional instru-

ments found to be necessary during

operation are generally designed and
specified by the manufacturer's own
staff.

Some companies have had iiistru-

inents supplied with their boiler

plant, but in other cases these have
been installed during the construction

period. Frequently an instrument engi-

neer is maintained by the company,
who recommends, and designs or spec-

ifies, additional instrumentation when
the need arises.

Instrumentation in Manufacturing
Plants

It is in the manufacturing plant that

the application of automatic instru-

mentation differs between one type of

product and another, and between
various companies producing the same
or similar end-products. This is mainly

due to differences in the chemical

processes used.

Most chemical manufacturing uses

continuous processes, controlled by
automatic instrumentation. This is

largely pneumatic, though in some
cases electronic devices are used; for

example, for pH analyzers, chemical

composition, oxygen analysis, and so

on. Controllers, indicators, and record-

ers are installed for controlling meas-

uring, and recording process steam,

fluid flow, pressures, and tempera-

tures. The trend appears to be to-

wards broader use of spectroscopic

instmments for in-line analytical work.

In this field, as in the case of boiler

plants, initial instrumentation arrange-

ments have been designed, specified,

and installed under the direction of the

consultants, though in the case of

some smaller manufacturers this is

done by the company 's owti engineer-

ing department. It appears to be the

general practice to purchase ali in-

struments outright. Though in most
cases specifications are drawn up by
the company engineering staffs, ad-

vice is sought from consultants for

the more important and expensive

pieces of equipment. Instruments are

generally bought through the com-
pany's own central purchasing depart-

ment, on the recommendation of the

engineering department.

Replacements and Repairs

Though some of the smaller pro-

ducing companies carry a complete

line of replacements, the trend is for

the larger industries to carry inven-

tories of only the most essential parts

for replacement and repair. as indi-

cated by experience.

The practice followed depends on

the importance of the instrument in-

volved and on the availability of parts

from the supplier. Occasionally sub-

assemblies are carried in stock for

quick interchange, and in special

cases a few complete spare instru-

ments are kept on hand to avoid de-

lays in shipment, clearing of customs,

etc.

Most of the larger chemical pro-

ducers do their owti servicing and
repair work. Often it is found that in

smaller plants this can be accomp-
lished with one first class mechanic,
skilled in the use of ver>' fine and up-

to-date tools. Larger establishments

may require several top-notch mech-
anics working full time. Reliance on

instrument manufacturers for repairs

and upkeep is usually limited to the

most complicated work, such as a

complete thermal system or tempera-

ture instmments.

Costs and Maintenance of Instruments

Capital cost of instruments includ-

tng cost of installation varies widely

between large and small producers.

A large compan>' with se\ eral plants

and diverse products may have an

investment for instrumentation run-

ning as high as $1 million, and the

average for smaller companies appears

to be in the vicinit>' of $25,000 or

even less.

Annual maintenance reported var-

ies accordingly, with figures of be-

t\^een $25,000 and $30.000 yearly

for a large comapny, and some $4,000

yearly for the smaller producer. An-

nual cost of servicing and repairs

only, exclusive of replacement parts.

would approach $15,000 20.000 year-

ly, in the case of the larger company.

wheras for the smaller plant it might

be as low as $1,000.

One large producer of heavy chem-

icals which does its owm replacing.

ser\ icing. repairing, recalibration, etc,

estijnates that it uses one man per

each $3-million worth of plant invest-

ment. Its annual cost for building.

test equipment, and repair equipment

.unounts to about $6,000 for each of

its own instrument maintenance em-

ployees.

Saviíigs Through Instrumentation

A most important aspect of the

Information sought was "How niuch

time and money is sa\ed b\ the use

of instrumentation in various depart-

ments, namel\\ . . . in fuel consvnnp-

tion, regularity in pressures. evenness

of flow, qualitv of product, saxing in

man-power, etc." Answers here varied

widely depending on size of plant,

nuniber of difforent departments or

products. number of .shifts operating

per day, and length of time the com-

paii> had been in operation.

The reply from one of the majoi

Brain centre of the ammonia plant of Canadian Industries Ltd. at Millhaven, Ontário,

is the control panei where almost every facet of production process ís indicated. Many
of these can be controlled by the board man. Operator wears phones to keep in touch

with other operators in the plant through an intercommunication system.
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Section of control room at Shawinigan Water and Power Company's Trois-Rivières

Terminal station. The alarm and Hght díagram is in the background. At far right

on the wall is the automatic synchronizer and under the clock is metering for

capacitors. On the benchboard are switchgear centreis and meters for main trans-

formers.

producers of heavy chemicals empha-
sizes the difficulty in answering, and
points up the resulting reluctance on

the part of some producers to give

a definite answer. In thís instance, the

producers comment was: "The degree

of automation is set by the complexity

of the process and the close tolerance

of product specifications. It is doubt-

ful that operation wíthout instruments

vvould be feasible or safe. Minimum
man-power for safe operation, and for

requirements should emergencies arise,

limít further economic use of instru-

ments."

The reply to the same question from

another producer read: "This plant

vvould not be operable without auto-

matic control. Some 150 control loops

give continuous surveillance to the

process. Without them, perhaps 50 or

75 people could do this same job with

perhaps the same quality of product."

(The reply noted that the alternative

use of manual control is of academic

signifícance only.)

Larger chemical producers found

even more difficulty in giving specific

answers. This has been particularly

true of the larger plants which have

had complete instrumentation systems

from the start of operation, as is gen-

erally the case. Such plants would, of

course, not be able to function today

without automatic control.

Smaller plants, with only limited use

of instruments, generally had less dif-

ficulty in assessing the savings in such

terms 'one man per shift'. In these

cases an annual wage saving of some
$4,500/14,000 per year could be vis-

ualized, depending on the number of

shifts operated. This, however, is of

little informative value unless related

to the average volume of output of

product.

Instrumentation Here to Stay

Many of the important chemical

producers in Canada have been estab-

lished more recently than their Ameri-

can or European counterparts, and
were able to prepare for production

after the general introduction of auto-

mation. Ali replies índicated a growing
tendency towards extensive instrumen-

tation, and in cases where extreme

accuracy is essential the general opin-

ion was "The plant could not operate

without it."

In other cases, where controls and
instruments are not immediately es-

sential, they are being added piece-

meal to existing plants, and more are

being incorporated in designs for new
plants than would have been the case

even a few years ago. It is known
that this greater application of instru-

mentation will result in higher effic-

iencies, more constant or improved
quality of product, and greater ease

of operation.

Trend to More Instrumentation

The important point brought out by
this initial study is the conclusion that

future trends in chemical production

are toward the increasing use of in-

strumentation, as new instruments

are brought on the market and when-

ever such installations can be justified

economically. There is a strong ten-

dency to the use of process steam

analyzers and sequence controls, as

well as to greater use of electroníc

instruments, and this trend is expected

to continue.

Canadian producers are fortunate in

having access to information about

new developments in instrumentation

in Canada and other countries. Can-
adian instrument engineers are ever

alert in watching for improved pro-

cesses and the introduction of new
and better instruments. Many Canad-
ian chemical producers are associated

with foreign companies and can bene-

fit from the latter's research and e.\-

períence.

There is little doubt that the re-

turns from the other eleven industries

listed in the "Forevvord" will disclose

important information about their

basic experience with instrumentation

and the savings effected thereby.

Perhaps some of this experience can

be adapted by the chemical industry

to its advantage.

EDITOR

It is appreciated that the vast

scope of the field lo be covered

by this series of articles will

make it impossible to go into

detail with respect to the varied

applications of instruments.

Therefore, it is planned to write

the articles so that thev will

S NOTE

be of iiiterest to engineers en-

gaged in ali phases of the pro-

fession and industry.

Readers' comments and sugges-

tions on this, and other, portions

o f THE ENGINEERING
JOURNAL will be gratefuUy

received.
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INTERNATIONAL NEWS

MAIN ACHIEYEMENT OF ELECTRONICS

IN JAPAN

REMARKABLE PROGRESSin
electionic techiiiques has recently

been made throughout the world and

Japan has also been studying them in

various fields vvith excellent achieve-

ment, some examples of which will be

introduced here.

Super-multiplication of Micro Waves and
TV Relay Device

The multipHcation communication

by micro wave has been studied since

1948 using disc seal tubes or magne-

tron tubes, and in 1951 a 23 channel

device o£ PPM-AM system at 4,000

m c/s was completed into piactical

use. This device was installed between

Tokyo and Yokohama by Japan Tele-

gram and Telephone Corporation and

between Aomori and Hakodate by

Japan Railway Corporation.

Researches on the super-multiplica-

tion device have been conducted for

the public communicational use by

means of a disc seal tube and a travel-

ling-wave tube. However, from a man-

ufacturing point of view, the travel-

ling-wave tube was deemed to be

more prospective, and FS-Bl appara-

tus of 480 tone channels was devel-

oped. This apparatus was applied to

the construction of the super-multi-

plication telephone lines and TV re-

lay lines between Tokyo and Osaka in

March 1954. This is an FM modula-

tion system at frequency range of

3,700-4,200 M c/s, by means of path

length antenna and 2-stage travelling-

wave-tube amplifier (transmitting out-

put of IW). After that, FS-B2 appar-

atus, an improved system, was applied

to the construction of the telephone

and TV lines between Tokyo, Sendai

and Saporo in September 1956. The
micro-circuit-lines have been set at

almost ali the main cities in Japan.

The whole relayed distance of these

public Communications at 4,000 M
c/s band attains 10,338 route Km (1

route has a capacity of 480 telephone

tone channels or I TV line) and the

expansion plan is being successfully

carried out. The principal characteris-

tics of FS-B2 system are: the fre-

quency range of 3,700-4,200 M c/s,

FM modulation system, 11 feet pará-

bola antenna, 1 stage travelling-tube

amplification (transmitting output of

1 W), no-break-alternative power sup-

ply system and no-man-station system.

Additionally, the 120 telephone

tone channels or the TV relay appar-

atus at 2,000 M c/s band by a disc

seal tube is put into practical use

for the local lines. The micro wave
ST link apparatus which combines

the TV broadcast stations and the T\'

relay line terminal stations is used at

6,000 M c/s band. Besides, Japan

National Railway Corporation and

other electrical power companies es-

tablished their own specific tele-

phone lines.

Electron Microscope

The research on the electron micro-

scope began in May 1939 when the

Electron Microscope Subcommittee of

Japan Society for the Promotion of

Science was established. At that time

the study was mainly proceeded in

Germany where the invention was

made, and was still in its early stage.

Nevertheless, many specialists both in

scientific circles and industrial fields,

participating in the committee, co-

operated with each other and pushed

forward vigorous research acti\'ities.

As a result, an electron microscope

of highest ability in the world was

developed, and this achievement was

highly evaluated at the International

Electron Microscope Society held in

Tokyo in October 1956. Japan has

already exported the electron micro-

scopes to many counti-ies such as

U.S. A., France, U.S.S.R. and others.

Some examples of the electron mi-

croscopes manufactured in Japan are

as follows: Hitachi Manufacturing Co.

have developed the research on the

block lenses made by an ultra-preci-

sion finish. using them at the high

excitation of magnetic fields. A
great achie\'ement w'as reached in

eliminating aberration and an HU-10
type electron microscope of high ef-

ficiency with dissolving power limit

of 10 AU (angstrom unit) was manu-

factured. Further, a middle size mic-

roscope of HS-6 type (dissolving

power 25 AU) and a popular table

model of HM-5 type (dissolving power

of 80 AU), are being produced. Those

two types, utilizing a permanent mag-

net, can be maintained and adjusted

easily.

The Japan Electron Optics Labora-

tor\' Co. carried on trial work which

has led to the manufacture of the

universal JEM 5 type electron micro-

scope. As for its major characteristics.

it is noted that its dissolving power

attains 10 AU, and a diffraction pat-

tem as well as a transmitting image

can be observed in the same region.

thus a new application field has been

developed in obtaining a reflective

image (at an\' angle of reflection with-

m 30° b\ deflecting continuously the

incident electron beam). In addition.

a minor test piece heating fumace

enabling the observation of config-

urations up to 1000°C and a cooling

apparatus at low temperature of

180°C below zero are attached to

the electron microscope so as to make

it possible to observe the configura-

tions of metais at high temperature

and the conditions of water, mercur>

and fibre when cooled.

The strong requirenients of scien-

tists especialh' in the medicai field

and the effort made hy scholars and

private companies for the competition

of manufacturing microscopes ha\-e

brought the development of the mic-

roscope in Japan. The number of the

microscopes in Japan now amounts

to more than 400, being next to that

of USA and nearly equal to that of

USSR. and has made a great contribu-

tion to scientific and technical re-

searches.

Parametron

Successful development has been

achiex ed in Japan in the research for

the application of electronic tecli-

niques as artificial brains to electronic

computers, telephone exchangers. auto-

matic controlling devices in the man-

ufacturing process, and so forth. Sev-

eral instnnnents in which rela\ s, tran-

sistors and \acuum tubes are \ised.
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have already been put into practical

use after completion of the develop-

ment stage. The parametron was in-

vented in Japan in 1954 and proved

to be a computing element as superb

as these elements.

The parametron, as its name indi-

cates, is a non-linear reactor utilizing

the parameter exitation, and is used

for amplification, memoo-ization of

Information and standardization of

phase and amplitude. It is similar

to the memory elements which use

the solid magnetic amplifier or rec-

tangular hysteresis magnetic core and
is recently being developed in Ameri-

ca. Hovvever, it completely differs

from them in its principie, and great

hopes are placed in its future appli-

cation, since it has been developed

wíth the electronic techniques pec-

uliar to Japan.

The parametron is simply manu-

factured by winding a coil around the

nevv ferrite which is made by sintering

the oxide iron after adding copper-

zínc or nickel-zinc compound to it.

The manufacturing cost is extremely

low, and the product is of very small

size (about 4 mm in diameter and 1

mm in thickness), but is durable al-

most indefinitely.

As it has advantages in that its ac-

tion is stable and it requires no main-

tenance, it can be applíed to electronic

computers and electronic exchangers

in which thousands of parametrons are

used. It is true that parametron which

is in practical use has slight disad-

vantages in that it consumes electric

power of approximately 20 mV and

its logical computing speed is 40 mmS,
but research work is expected to in-

crease its speed and reduce its power

consumption to some extent. More-

over, compared with other electronic

theoretical elements, it is highly ad-

vantageous and prospective in future

that a single parametron possessos the

maximimi logical dividing number of

30 by which it can provide logical

variables to as many as 30 independent

logical systems.

Musasino-1 is the first enormous

electric computer using parametrons

and was completed at the Communi-
cation Laboratory of Japan Telegram

and Telephone Corporation in Febru-

ary 1958'. It uses about 5,000 para-

metrons and possesses memorizing

capacity of 256 words by means of

the core matrix system, and is expected

to possess memorizing capacity of 1,-

024 words by March 1959. The com-
puting speed is 1 mS (at 30 KC) or

2.5 mS (at 10 KC) in addition and 3.3

mS (at 30 KC) or 10 mS (at 10 KC)
in multiplication. In other ways a

computer, a PC-1 type of the same
efficiency has been developed at

Tokyo University since this spring and

a revised PC-2 type is expected to be

completed by March 1959. The trial

manufacture of this type has already

been developed by a private company
for commercial puiposes.

BELGIUM

THE ENTRE National de Recher-

ches Métallurgiques (Belgium) has

entrusted the Brassert Oxygen Technik
A. G., in Zurich, the holders of which
are the Austrian steelvvorks Vereinigte

underground, and successfully operated.

5. Many factors influence the decision

whether a particular waterpower is

developed in the conventional manner
or underground. Only a careful economic
evaluation of the several possibilities can

reveal the best solution.

6. Geological investigation of adequate

scope and correct interpretation is

essential to achievement of minimum
construction costs.

7. The underground concept of de-

velopment frequently penníts much
greater latitude in location.

8. The planned use of rock bolts can

be a potent factor in economic construc-

tion underground in poor geological

formations.

9. Underground power plants should

be designed only in principie, pending

entrance to the working area.

10. Experíence based on numerous
cases of underground development shows

that well-planned projects can be eco-

nomically built.

11. Operating experience has been

good. Some faílures have occurred due

to inadequate allowance for controllable

factors or improper design but they are

very infrequent.

12. The Kemano, Bersiniís I and

Chute-des-Passes schemes, all in Canada,

lead the worid in capacity and in many
other respects.
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Canadian Developments

NEWS OF MAIOR ENGINEERING DEVELOPMENTS IN CANADA

Lift Slab Construction at Carleton

In establishing a new campus on a

130-acie site in Ottawa, Carleton

University is employing some of the

latest building methods and materi-

ais. Of the four buildings now under-

way, perhaps the most revolutionary

construction is that used on Nonnan
Paterson Hall, the arts building. It

is being constnicted by the lift slab

method.

In the four-storey, 45,300 square-

foot building, ali floor and roof slabs

were poured at basement levei, one

on top of the other, using only edge

formwork and a special A. C. Horn
Separating Compound to prevent the

wet concrete slabs from bonding.

Steel columns provided the vertical

framing and the slabs were hoisted

into position by Youtz-Slick hydraulic

jacks. Only one half of each floor

could be raised with each lift, which
averaged 350 tons. The slabs were
96 by 56 feet in size and varied in

thickness. The roof slab, first to be
lifted, was eight inches thick. The
main floor slab (second levei of the

building) was 11 inches; the other

two, 10 inches each.

A three-foot-wide construction joint

between the individual lifts was filled

in using normal concrete shuttering

after the slabs were in place.

Under favourable conditions, a con-

siderable saving of time is possible

with lift slab as compared to con-

ventional methods since concrete can

be poured directly into the slab forms

without the necessity of hauling it

above ground levei. This saving ap-

plies also to reinforcing steel which
can be put in place on the ground
for ali leveis. Another possibilit\\ not

yet exploited to au)- extent, is the

raising of large quantities of build-

ing materiais and other supplies as

the slabs are lifted.

The slabs had to be designed for

the sum of two moment conditions.

the first being dead load moment
with no column restraint, which con-

dition would exist during the lifting

of the slab; the second. live load

moment with full column restraint.

Wind stiffness was pro\'ided b\

poured concrete shear walls eight

inches thick. The\- were poured
through slats and sleeves left in the

slabs for this purpose.

Reinforcing steel was made up of

straight bars ranging in size from "s

to ^'2 inch thick, to permit the free

run of electrical conduits and pipes

in the central part of the slab. Stair

openings and duct openings were left

in the middle strips.

The first row of 10 b\ 10 inch

wide-flange columns was set back six

feet from the edge of the slab. The
cohnnns were plated into a box sec-

tion to provide stiffness against buck-
ling for the lifting particularly of

the first slab.

Inset steel collars cast into the

slabs provided keyholes into which
lifting rods could fit, as well as pro-

viding large bearing áreas for the

heavy slabs. The collars are supported
b\- w edges which bear on shear plates

welded to the face of the column.
Small wedges were inserted into the

top of the collar to pro\"ide column
restraint and these and the support

w edges below were finalK w elded to

the column.

An interesting structural feature on
the south side of the building is the

main stairway which is supported on

one side by Stressteel rods attached

to cantile\'ered beams at the roof. The
landings of the stairway are canti-

levered in two directions from these

supports.

Being constructed at a cost of

$1,300,000, the arts building w ill be
completed next summer. Other build-

ings are science, $2,500,000; librar\.

$1,000,000; and a field house for

athletics, $88,000. These three will

be read>" for occupanc\ earl\ in the

new \'ear.

For 16 \ears since its founding.

Carleton has been housed in a small

red brick building in a residential

area of Ottawa. Increasing enrolnient

and the need for more adequate facil-

ities for the study of engineering, arts,

science, commerce, jovmialism and
public administration will force the

university to relocate on its Rideau
River campus as soon as po.ssible.

Correction

In the Octol>er, 1958 i.s.sue of the

Journal page 67, Intcruational Passa-

maqiioddy Tidal Power Project, by
C. Millar, the statenient was made
that Dexter P. Cooper was a Canadian
Indraulic engineer.

After extensive enquiries, it has

been discoxered that although Mr.
Cooper spent much of his lifetinie in

Canada, and is buried in Canada, he
w as in lact born in the United States.

Arts Building, Carleton University, under construction.
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St. Lawrence Seaway and Power Project

Progress by Ontário Hydro

With employment averaging 1350

persons for November, placing of

concrete was finally completed on the

power-house. Eight units were operat-

ing, with installation progressing on

other units. Most of the dredging up-

stream was expected to continue until

mid-December.

Progress by NYSPA

Employment was maintained at

some 1750 persons during the month.

Placing of concrete reached 99 per

cent of completion, and excavation

had reached 94 per cent of the esti-

mated total. On the American half of

the power-house, eight units were op-

erating, delivering 50 per cent of the

total capacity in firm power. Tailrace

excavation had reached a total of 630,-

000 yards.

At the Long Sault dam, painting of

gates, hoists and equipment continued,

and installation of elevators was re-

sumed. Removal of construction plant

and buildings and general cleanup

work were in progress in ali áreas.

Cleanup of channel improvement
at Toussaints and Iroquois dam was
completed, while final sweeping of

the ship channel in the Sparrowhawk
area continued.

Progress by SLSDC

A force of 300 persons was em-
ployed during the month, most of it

on cleanup and removal of equip-

ment. The spare lock gate will not be
delivered until March. Dredging in

stretches of the channel where high

velocities obtain, will continue as long

as weather conditions permit.

Progress by SLSA

Employment during November av-

eraged some 2500 persons on bridge

erection, dredging, testing of lock

gates and general cleanup. Water had
been let in to the Cote Ste. Catherine

lock and the two Beauharnois locks.

The installation of lock operating ma-
chinery on these three locks was near-

ing completion but testing and final

acceptance would be carried on
throughout the winter. Dredging
operations will be continued as long

as weather permits.

On the CNR rail diversion at Vic-

toria bridge, erection of steel was
completed from St. Lambert to and
including the crossing over the St.

Lambert lock, except for the last

three spans. Ali approaches at the

south end of the Mercier bridge were

completed and the completed north-

and south-bound lanes on the Valley-

field-Malone approaches were opened
for traflBc during December. Erection

of the towers for the lift-spans on the

St. Louis and Valleyfield bridges

across the Beauharnois canal was pro-

ceeding and would continue during

the winter months. Traffic was passing

normally over the Valleyfield bridge

but was detoured at the St. Louis

bridge.

New Bridge Opened at Massena

Inauguration ceremonies were held

on December 1 to celebrate the ofB-

cial opening of the new $7 million,

5,000 foot long high levei highway
suspension bridge crossing the south

channel of the St. Lawrence at Corn-

wall Island. The bridge crosses the

International Boundary and gives an

overhead clearance of 120 feet for

ships. The main suspension span is

3,840 ft. long, carried on two 232 ft.

towers each standing on two piers.

The new bridge replaces the old

south channel bridge of the Roose-

velt International Bridge some 1,300

ft. downstream, which has been re-

moved. A new bridge is to be built

by Canada across the north channel

between Cornwall and Cornwall

Island.

U.S. Subsidy Threatens Canadian Ship
Owners

A new U.S. shipping subsidy bid

has Canadian Great Lakes shipowners

worried. American Export Lines, Inc.

has applied for a subsidy for vessels

to run between Great Lakes ports and
the Mediterranean, and to designate

the run as a new 'essential trade

route'. One such route between Lake
ports and Europe has already been

approved. Indications are that the re-

Trans Canada Pipelines

Trans-Canada Pipe Lines Limited,

which completed construction of its

2,290-mile natural gas line in October,

1958, ahead of schedule and under

the estimated $375 million cost, is

now delivering Alberta natural gas

to homes and industries in an area

along its route encompassing three-

fifths of the population of Canada.

Trans-Canada is serving 11 distri-

bution organizations and the e.xpected

maximum day demand during the

quest will be granted. Canadian ship-

ping firms see this as a threat to their

livelihood once the Seaway opens,

believing subsidies will spread ultim-

ately to the U.S. Great Lakes fleet.

Progress on Winter Navígation in St.

Lawrence

Good progress during the past year

towards ending the 'needless blocking'

of navigation in the Gulf of St. Law-
rence, is reported by Arthur Schmon,
president of the St. Lawrence and
Gulf Development Association. Posi-

tive results towards easing the prob-

lem were being achieved through nav-

igational aids, aerial ice surveys and
additional ice-breakers, he said.

Two new $2.5 miUion icebreakers

are under construction. Expenditures

for harbour improvements costing

some $2 million at Seven Islands, Dal-

housie, Rimouski, and improvements

in ferry service from Baie St. Cather-

ine and Tadousac are being made. The
federal government has earmarked $13
million for a winter port at Father

Point. Two shipping companies, pos-

sibly three, will run scheduled services

from Quebec City to north-shore

points during the coming winter.

Tentative Plans for Opening of Seaway

Tentativa plans at the end of No-
vember for the opening of the Seaway
in 1959 by Queen Elizabeth and
Prince Philip call for the Royai Visit

at Montreal on June 25, 1959. Leav-

ing the royal yacht at Sept lies, the

party will visit Knob Lake and Que-
bec City and will then re-embark at

Quebec and proceed to Montreal.

The official ceremony will take place

in the Cornwal area, and will be a

joint ceremony with President Eisen-

hower. The Britannia's main mast and
its radio aerial have been hinged 20
ft. from the top so they can be low-

ered to permit passage under the

bridges along the seaway.

1958-59 heating season is estimated

at 263,400 m.c.f, compared with 195,-

800 m.c.f. daily sales estimated in

1956, and estimated Canadian sales

of about 820,000 m.c.f. daily in the

fifth year of operation.

The Alberta export permit under
which Trans-Canada is operating pro-

vides for the removal of a total of

4.35 trillion cu.ft, of gas, at a maxi-

mum daily rate of 620 million cu.ft.,

and an annual rate of 210 billion cu.ft.

The main suppliers of gas include
B.A. Oil, Hudson's Bay Oil and Gas,

Canadian Pipeline Projects
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Califórnia Standard, Canadian Delhi

Oil, Provo Gas Producers, Home Oil

and Canex Gas. This gas reaches the

Trans-Canada line through the Al-

berta Gas Trunk Line Company's gas

gathering system.

Trans-Canada is novv delivering Al-

berta natmal gas to cities and towns,

honies and industries from Regina to

Montreal. Sales contracts are in effect

with Saskatchewan Power Corpora-

tion, Plains-Western Gas and Electric

Conipany; Inter-City Gas Limited;

Greater Winnipeg Gas Company; Nor-

thern Ontário Natural Gas Company;
Consumers' Gas Company; Union Gas
Company of Canada Limited; Lake-

land Natural Gas Limited; Augusta
Natural Gas; City of Kingston, On-
tário; Quebec Natural Gas Corpora-

tion.

In addition to the approximate cost

of $375 million for the building of

the Trans-Canada Pipe Line system,

the project sparked an industrial

chain-reaction which will result in the

spending of many billions of dollars.

Natural gas producers who supply

Trans-Canada receive more than $650
million for their product; the pro-

ducers will spend more than $200
million in the next few years drilling

more wells and processing the gas;

a new Alberta petrochemical industry

based on stripping the byproducts

from the gas calls for initial expendi-

tures of $100 million; Alberta Gas
Trunk Line will spend $60 million in

construction; distributing companies
along the route will spend approxi-

mately $200 million, extending pres-

ent systems or building new lines; new
pipe mills have required a capital

investment of $50 million, other plants

making valve assemblies, wrapping
material and other pipeline require-

ments have invested $50 million—

making a grand total of more than

one billion dollars placed in circula-

tion.

The new natural gas industry will

have an immediate and important

effect on Canada's adverse balance of

international trade. For instance, in

1956 Canada imported coal from the

United States valued at $130 million.

The use of natural gas should reduce
this dollar outgo by at least $40 mil-

lion a year on the basis of the 1956
levei of coal imports. In 1956 Canada
paid $12 million for sulphur imported
from the United States. By 1960 the

sulphur recovered from Alberta na-

tural gas will supply Canadian re-

quirements and leave a surplus for

export. Canada has been paying $12
to $15 million a year for imported
natural gas. Almost ali this gas has

now been replaced by Alberta gas.

Some statistics of the pipeline:

More than 700,000 tons of steel

required at a cost of about $150 mil-

lion; contract construction costs,

about $120 million; freight charges,

$22 million; 43,000 railway carloads

of pipe and other material; 8,930,000

cubic yards of excavation required in

making the ditch; 530 miles of rock

excavation; 13,700 miles of wrapping

material for the pipe; 298 railway and
highway crossings; 107 lake and river

crossings; the pipeline carries the en-

ergy equivalent of four St. Lawrence
seaway power developments.

Northern Ontário Natural Gas:

Conversion work was completed in

mid-November, and full-scale gas ser-

vice from Alberta began in two mills

of Abitibi Power & Paper Company
Limited. At the Sturgeon Falis mill,

natural gas will be used to fire mill

boilers to produce steam for the man-
ufacture of various types of board. In

Iroquois Falis, natural gas will assist

in the manufacture of groundwood,
unbleached sulphite, newsprínt and
paper-board.

A total of 805 million cubic feet

will be sold annually to the Sturgeon

Falis mill. Total annual consumption

for the Iroquois Falis mills is 2,359

million cubic feet. Both mills will burn

gas on a dual-fuel basis, and retain

previous heat source facilities. This en-

ables mill boilers to switch from one

fuel to another, on short notice, or

to burn any desired combination of

coal and natural gas.

Saskatchcwan Poiver Corporation:

Opened at a ceremony on October

30 the $10.5 million plant, fiist

substantially sized plant of its kind in

Saskatchcwan for the processing of

casinghead gas, is one of the most im-

portant conservation measures to be

undertaken in the province. Initial

rated capacity is 25 M. c.f.d., which
can ultimatelv be expanded to 45 M.
c.f.d.

Neil J. McKinnon, President,

Canadian Bank of Coinmerce.

"It now seems likely that the Gross

National Production (for 1958) will

have a value fractionally above $32

billion, or about 2 per cent higher

than in 1957", said Neil J. McKinnon,

president of the Canadian Bank of

Commerce at the ninet\ -second an-

nual meeting.

"Allowing for higher prices the

volume of production was probably

St. Maurice Gas, Inc.: A proposed

natural gas pipeUne from Montreal to

Quebec City would connect with

Trans Canada just west of Montreal

Island, pass through St. Hyacinthe

and recross the St. Lawrence at Trois

Rivières, then follow the north shore

to Quebec. Three branches w'ould

serve St. Jean, Granby, Magog, Sher-

brooke, Sorel and Drummondville. A
branch east of Trois Rivières would
serve Shawinigan. The proposed pipe-

line would be built b\- Cartier Gas
Corp., at a cost of between 815 and
$30 million. Cartier is seeldng fran-

chises in these communities — one

such franchise has been obtained in

Granby.

Alberta Underground Storage Ltd.:

This Company, sponsored by B.A.

Oil, Canadian H> drocarbons and Gol-

iad Corp. has been fonned to develop

underground storage for liquid petrol-

eum gases near Hughenden, Alta.

Most economical storage for large vol-

umes of LPG liquids is the caverns

in underground salt strata, after re-

moving the salt b\' washing out with

fresh water. Initial capacit> would be

some 150,000 barels. Ultimatelv 14

caxerns \\ould have a capacity of a

miUion barreis.

Gas Products Pipeline Planned:

Pembina Pipeline Ltd., is planning to

build a 1200 mile pipeline from Al-

berta to the Great Lakes to market

surplus natural gas b\products. It

would handle from lOÓ.OOO to 150.-

000 barreis of b\ -products daih . Esti-

mated cost of the project approaches

$150 million. Foothills Products Pipe

Line Co. has appHed to the Alberta

Conservation Board for permission to

export the by-products. The scheme in-

\ oh es a line to Lakehead or to Super-

ior, Wisconsin, another to the Pacific

Coast, or a combination of east and

west routes. Processing plants would

be located at the two terminais.

little changed from the previovis xear.

Our export trade has been well main-

tained, consumer expenditures have

increased moderately and capital in-

vestment has shown but a moderate

decline. For a >ear which began

amidst gloom\- forebodings this can-

not be considered as other than a

reassuring performance," Mr. McKin-

non said.

A few of the charactcristic^ of

1938 reportod b> Mr. McKinnon are

thcse:

The Year 1958 Re% iewed
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It now seems likely that a levei of

about $8.5 billion may be achieved in

c apital iiivestment—a decrease of less

than 3 per cent from last year.

A drop in capital expenditures for

manufacturing is offset by an increase

in expenditures for housing, which
this year are estimated to reach an

all-time high of more than $1.5 bil-

lion. Completions may amount to

153,000 units.

Aggregate consumer expenditure

exceeded $20 billion for the first time.

There are indications that aggre-

gate exports should come close to

the levei of 1957.

Industrial production, affected by
domestic and foreign demand,
emerged from its downward phase.

Although volume has been adversely

affected through industrial disputes it

has, nevertheless improved to a levei

u hich, barring further work stoppages

by now should compare well with last

year. Mineral production has been ad-

versely affected by less favourable

foreign markets and prices but there

are signs of improvement in some of

its constituents.

Total value of mining production

for the past year is expected slightly

to exceed that of 1957.

Indications are that farm net in-

come this year may prove to be slight-

ly below that of 1957.

Although the work now going on
m resource development is not as

spectacular as that of a few years

ago it is soundly based and undoubt-
edly we shall continue to see in the

years to come a steady and important
development of natural resources in-

cluding the vital field of energy.

Hon. Gordon Churchill,

Minister of Trade and Commerce,
Canada

In a year-end review, The Hon.
Gordon Churchill reports: "Consider-

ing the severity of the impact of . . .

adverse influences from abroad, the

pace of economic activity in Canada
has been remarkably strong."

Some notes from the Minister's re-

port are as follows:

On the basis of nine-month figures

it appears that Canada's Gross Na-
tional Product for 1958 will exceed

$3 billion, 2 per cent above the figure

of 1957. Prices on average have in-

creased by almost the same percent-

age. Overall production in volume
terms has equalled the levei of the

preceding year.

Employment has held up well and
by the last quarter jobholders num-
bered about the same as a year ago.

Industrial employment has been run-

ning moderately lower but this has

been offset by a further filling out in

sei^vice occupations. The labour force

has grown at a slower rate this year,

reflectíng a levei of immigration less

than half that of 1957. Unemploy-
ment has been higher but the per-

centage increase from the same date

a year ago has been narrowing sharply.

Despite conditions of ample supply
in world-commodity markets, Canada's

sales abroad have not followed the

downward trend of world trade at

large. They have remained at about
the same levei as 1957. Substantially

increased sales have been achieved for

several commodities including wheat,

beef and uranium, farm implements.

Reduction of industrial exports has

been relatively moderate.

Imports into Canada are about 10
per cent lower in 1958 than in 1957.

The merchandise deficit for the

first ten months was reduced to $242
million, from $733 million for the

same period of 1957.

Capital spending plans at mid-year
provided for outlays of $8.5 billion

New Asbestos Mill

A $36 million mining and milling

operation at Black Lake, Que., will

contribute approximately 10 per cent

of Canada's production of asbestos

and 7 per cent of the free world's

supplv. It was formally dedicated in

October 1958.

Owned and operated by Lake As-

bestos of Quebec Ltd., a wholly-

owned subsidiary of American Smelt-

ing and Refining Company, the opera-

tions are expected to yield 100,000

tons of asbestos a year for at least

twenty years, from open pit mining.

In the course of construction, Black

Lake was shifted to a new basin, a

river was diverted into a new channel,

four dams were constructed. The as-

bestos deposit was at the lake bottom,

under 27 million cu. vd. of mud and

silt.

The 9-million mill, houses ultra-

modern equipment to free asbestos

fíbre from the ore, and to grade, dry,

and prepare fibre for shipment.

Saskatchewan Developments

A trial run at the Potash Company
of America Plant near Saskatoon saw
the first large extraction of potash ore

come above ground from the mine
workings some 3,300 feet under-

ground. This was the first time potash

has been mined in Canada. The first

commercial rail shipment was to leave

the plant in December.
First production of polyethylene

flexible pipe rolled off the assembly

line at the Wevburn plant of Westeni

in 1958. Overall capital outlays for

the year may fali but little short of the

record $8,700 miUions spent in 1957.

It is estimated that housing starts

in 1958 will approach the 160,000

mark.

Another factor having an important

sustaining effect upon general ac-

tivity has been the high levei of con-

sumer spending supported by rising

personal incomes.

Of the industries which had pre-

viously suffered a decline, most have

experienced some degree of improve-

ment by year-end. In aggregate terms

the pick-up in production to date has

been quite moderate. There is, how-
ever, strong indication of further ex-

pansion in market demand. Reflecting

this improvement and contributing to

it is the fact that inventory liquidation

is now coming to an end, though con-

ditions vary from one trade to another.

In recent months new capital ex-

penditure plans have been appearing

in increasing volume.

Wire and Cable Co. Ltd., in Novem-
ber.

A 15-million basic steel industry

will be established north of Regina.

Inter-provincial Steel Corporation

Ltd., with president J. W. Sharp,

will equip the new plant for 100,000

tons per year capacity. Completion is

planned for the end of 1959.

British Columbia Power

British Columbia's economx- will be

bolstered in 1959 by $95,800,000 ex-

pansion program announced in

December by B.C. Electric.

Biggest single expenditure during

the year will be $22,400,000 for \\ ork

on the second-stage development of

the Bridge River hydro-electric proj-

ect.

This project will provide 345,000

horsepower of additional electric gen-

erating capacity before 1961 to meet
growing power demands. Total cost

will be $56.500,000.

Another $18,100,000 will be spent

in 1959 on the Burrard steam plant

now under construction on the north

shore of Burrard Inlet, near loco. This

plant will have a generating capacity

of 800,000 h.p. from four generating

units before 1965. The plant is de-

signed for a possible ultimate ca-

pacity of 1,200.000 h.p.

The gas turbine electric generating

plant at Port Mann, just east of New
Westminster on the south bank of the

Fraser, will be completed in 1959.

Expenditure dming the \"ear on this

134.000 h.p. plant will be $2,100,000.

What Goes On
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Month to Month
News of the Institute and the Profession

COMMENT

CORRESPONDENCE

ELECTIONS

AND TRANSFERS

CONFEDERATION-A Progress Report

FoIIowing the recent practice, Dr.

I. R. Tait, chairman of the Institute's

Committee on Confederation made a

progress report to the December
meeting of the Council. The following

report to the membership is based on
Dr. Tait's report.

The hope was expressed in the

November account that the report of

the sub-committee would receive the

approval of ali members of the Joint

Committee. This hope has been
realized. Council has been advised
that complete unanimity of approval
has been received from ali fifteen

members of the Joint Committee. Not
one suggestion or request for a change
has been received. On the contrary

every member of the committee has
sent with his approval his congratu-

lations to the sub-committee for their

excellent report.

The committee now is ready to

take the next step, i.e., submit the

report to the two councils for their

approval and for the subsequent re-

ferral to the members at large.

Council has arranged for a plenary
meeting to take place at Toronto on
Saturday January 31, at which coun-

cillors will have an opportunit\' to

express their opinions.

A copy of the report and support-

ing documents is being mailed to each

councillor so that he vvill have time

to study it carefully before the meet-

ing at which approval will be asked.

It was recommended by the com-
mittee that if the two councils ap-

prove the report, they should then

submit it to their memberships with

a ballot asking for their approval or

otherwise. The Council of the In-

stitute agreed to the recommenda-
tion. The Canadian Council have not

yet had an opportunity to meet to

discuss it but will do so shortly.

Confederation has surely moved a

long way towards becoming an ac-

complished fact. There is still a long

u a\" to go and care must still be taken

to make sure that each step is a safe

one, but with the emergence of the

committee s report. it is e\ ident that

the principal obstacles have been sur-

mounted. Shortly the decision will

be in the hands of the members them-

selves.

Anniversary for Structural Engineers

The Institution of Structural Engi-

neers of Britain celebrated fifty years

of service at a jubilee meeting Octo-

ber 7 to 10, 1958.

Ben O. Baker, m.e.i.c, of Quebec,
Que., councillor of the Engineering

Institute, represented the Institute at

the meeting and conve\ed greetings

to the Structural Engineers.

He attended the dinner gi\en hy
president-elect G. S. McDonald, as

one of twenty-three guests from man\

parts of the world. He also attended

the annual banquet and bali, at which
there were well over eight hundred
present.

Mr. Baker reported on his discus-

sions at the council meeting in

No\ember. and he presented a cop\

of the Jubilee Issue of The Structural

Engineer. Journal of the Institution,

for the use of the E.I.C. Library. He
also presented to the Library a set of

preprints of the papers gixen at the

Jubilee Meeting. Their titles are listed

Ontário Agricultural CoUege Receives the President

Dr. Kenneth F. Tupper, president of

the Engineering Institute was a visitor

to the Ontário .\gricultural College,

Guelph, recently, when he addressed the

engineering students and staff on "The
Role of the Engineer in the Develop-

ment of Canada".

Engineers who gathered at the College

for the occasion are seen in the photo-

graph: ieft to right: A. H. Austin, of

Armco Drainage, Guelph, secretary-

treasurer of the Kitchener Branch E.I.C;

Dr. Gamet T. Page, general secretary;

Dr. J. D. MacLachlan, president of the

Ontário Agricultura] College; Dr. Tup-
per; Prof. C. G. E. Downíng, head of

the O.A.C. Engineering Science Depart-

ment; and L. J. R. Sanders of Galt,

councillor of the E.I.C.
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Nominees for Office

Engineering Institute of Canada

A list of nominees for office, as reported by the Nominating Committee,

appeared on page 102 of the October 1958 issue of the Journal. Since that

time the committee has reported the selection for president as follows:

President John Jeffery Hanna Calgary, Alberta

E.I.C. Technical Conferences in 1959

on Page 000 of this issue. There were
three Canadian papers on the pro-

gram.

President of the Institution during

the Jubilee year was Professor Sir

Alfred Pugsley. Secretary during the

past twenty eight years has been
Major Reginald F. Maitland.

Regional Meetings

A growing interest in regional tech-

nical meetings was seen during 1958.

This year there will be still greater

opportunity for E.I.C. members to

take part in this important activity,

vvith four regional meetings planned
by the branches.

The Journal will publish advance
Information about these conferences,

as well as programs and reports.

There are a few corrections to be
made to the list which was included

in the November and December
issues.

The Second Southern Ontário Re-

gional conference, to be held ín Ham-
ilton, Ont., on March 14, with six

branches participating, is advertised

on this page. E. W. Hill, m.e.i.c, is

general chainnan of the Conference

Committee.

A Technical Conference is tenta-

tively planned for Mav at Sudbury,

Ont.

The Westem Regional Technical

Conference, to be held at Banff,

Alberta, October 2-3, 1959, will pro-

vide a good program including a

fórum on drainage and iirigation. W.
A. Smilh, M.E.I.C, of Calgary, is

chairman of the Conference Com-
mittee.

The Ottawa Regional Meeting will

mark the 50th anniversary of the

Ottawa Branch. The dates for this

conference are October 15-16, 1959,

and not October 18-19, as previously

listed.

Annual Meeting, 1959

Good progress is also being re-

ported on the technical program of

the 1959 annual meeting: June 8-10,

Toronto, Ont.

The Jaurndl will have advance In-

formation about the annual meeting

in every issue.

Chairman of the annual meeting

committee is E. R. Davis, m.e.i.c, of

Toronto.

$OOTH£RN OHTARtO HGIOHH CONF£R£NC£
Where : Sheraton-Connaught Hotel, Hamilton.

When: Saturday, March 14, 1959.

Program : Noon Luncheon — Panei :
" Engincer — 1965

"

Afternoon : Engineering Papers — Reception and Cocktails —
Dinner and Guest Speaker — Conference Ball

For the Ladies: Luncheon and Fashion Show

YOU made last yeâr's Conference such an outstanding sueeess that the 1959 Conference should be even better.

Ali ElC and APEO members and their ladies are cordially invited.

PARTICIPATING BRANCHES;
London Kitchener Border Cities Niagara Península

Toronto Hamilton

THE ENGINEERING JOURNAL—JANUARY, 19S9 73



Elections and Transfers
On the recommendation of the Admis-

sions Committee a number of applications
were presented for consideration to the
meeting of Council for December, and it

was agreed that the following elections
and transfers become effective:

Members: F. Csete, Montreal; C. L. Evans,
Toronto; N. Freight, Edmonton; S. P.
Hauck, Edmonton; M. A. Lazarovici, Cal-
garv; A. J. G. Leighton, Victoria; A. B.
Maslin. Galt; T. O. Orr, Montreal; R. E. J.

Putman. Toronto; W. C. Seaforth, Toronto;
P. H. Stewart, Montreal; C. Szoo; Mont-
real; P. S. Szypulin, Montreal; A. C.
Tait, Toronto; J. A. van der Giessen, Van-
couver; A. A. Waters, Toronto; F. J.

Winterburn, Baie Comeau.
Juniors: A. Jex, St. Catharines; K. Nyhus,
Drumheller; J. H. Pitts, Niagara Falis;
R. J. Rhodes, Montreal.

Affiliate: P. R. Gendron, Ottawa; A. T.
Johnstone, North Bay; A. La Bissonniere,
Montreal; A. G. MacAulay, Montreal; O. G.
Moffat, Hamilton.
Júnior to Member: S. G. Frost, Ottawa;
G. Gow, Liverpool, N.S.; J. H. Legere,
Montreal; A. M. Mackay, Cochrane; G. H.
Milne, Fort Erie; T. E. Pelton, Vancouver.

STUDENTS ADMITTED
Queen's Universily: F. L. Anderson; R.
Arcand; M. Backa; S. Backa; D. B. Bailey;
D. A. Barrington; W. J. Barrott; W. R. P.
Blackwell; R. M. Borne; J. H. Boyle;
R. J. Brabbs; J. E. R. Brankley; J. G.
Brios; G. J. Brinkmeier; J. C. Brownell;
J. C. Bunge; C. D. Byrng; B. L. Calder;
J. J. Cameron; R. K. Campbell; G. F. F.
Carscallen; W. J. Clark; H. R. Clarke;
D. T. Cole; D. M. Coulson; W. A. Crago;
W. R. Darker; W. A. Davis; J. W. Davison;
C. J. Demeyere; J. H. W. Diamond; W. R.
Dormer; N. A. Douglas; G. R. Dowden;
K. G. Dunn; D. G. Durant; A. E. Earl;W A. Este; W. A. Evans; A. R. Ferguson;
J. D. A. Ferguson; E. Farankovich; W. R.
Fraser; R. J. Geddes; A. W. Gilliland;
J J. Gribbon; C. R. Grubb; K. M. Haa-
panen; D. E. Halliwell; D. E. Haws; J. A.
Hayes; J. E. M. Henderson; W. A. Hen-
wood; R. S. Hicks; E. A. Hopkins; W. A.
Jaruis; W. T. Jenkins; R. E. Johnston;
N. L. Journeaux; J. N. Kendall; J. Kiuru;
L. O. Koskitalo; A. S. Krausz;

C. Lai; B. D. Lamorie; J. G. Lawrence;
R. L. Levasseur; G. G. Liesemer; J. T.
Lightall; D. G. MacDonald; G. A. Mac-
intosh; J. H. MacKay; D. M. MacKenzie;
J. C. McBean; W. R. McBride; R. L. Mc-
Cabe; J. T. McDermott; S. C. McEachern;
W. G. McGiU; A. S. Mcintosh; J. D. Mc-
Leod; A. C. Machin; J. V. R. Manning;
E. E. Marcellus; G. F. Marsters; R. E.
Marttila; S. A. Meer; J. R. Mills; R. A. R.
Mills; M. E. D. Misner; M. Moziar; M. S.
Myint; E. J. N. Niceforo; G. A. Nicol;
D. A. Norman; D. H. 0'Hara; L. F. Organ;
M. A. Pe; G. D. Pearson; W. M. Poro-

bich; D. L. Pratt; J. S. Pritchard; W. R.
Purdy; H. A. Redstone; E. R. Richardson:
K. S. Roberts; K. W. Ross; K. Roth; J. E.
Sexton; G. V. Sherwood; K. W. Sinclair;
J. C. Singlehurst; G. J. Splinter; R.. R.
Stuckv; D. G. Tate; R. R. Tinline; R. H.
Townsend; D. R. Turnbull; G. D. Vallee;
W. E. Watt; H. T. A. Webster; L. E. Wells;
M. K. Win; H. C. Wood; H. A. Woodgate;
A. Yuchimenko.
University of Manitoba: R. D. Adams;
R. R. Adamson; E. W. Anderson; R. Billin-
ton; J. I. Bogdonov; A. A. Borger; C. W.
Bright; D. W. Brown; D. G. Buchanan;
J. D. Buchanan; R. J. Chase; W. R. Cooke;
W. L. Cox; R. L. Curtis; D. Demedash;
D. Duncan; D. A. J. Ennis; P. N. Feschuk;
R. B. Finlay; J. G. Fisher; R. K. Forbes;
T. R. Fox; R. D. Hamilton; R. A. Hay;
W. G. Herrod; H. L. Hiley; S. S. Hodge;
F. N. Houston; R. M, Hovey; R. M. Jell;
R. J. Johannson; B. Klewchuk; S. J. Kus-
tra; D. F. Lamb; J. N. Lewak; G. B. Little;
J. G. Locker; A. C. Mackey; S. C. Mac-
Pherson; J. Mar; D. B. McKenzie; R. R.
McKibbin; W. Miller; L. A. Morison;
W. E. Muir; L. R. Nichol;

L. F. Pedrick; K. N. Posgate; G. A.
Pratt; B. W. Prentice; J. D. Rathgeber;
H. L. Rawn; B. Reid; W. A. Reid; D.
Reitlo; J. F. Russell; R. R. P. Schriber;
G. Schultz; D C. Sexton; J. H. D. Smea-
ton; W. Smitiuch; T. J. M. Sopchuk; S.
Soudack; D. K. Strang; G. Tarapasky;
R. H. R. Tide; A. J. Watts; B. C. Weir;
W. A. R. Whitcomb; H, R. Wilcox; D. J.
Wilson; W. P. Wolfe; R. R. Zimmerman.
University of Ottawa: G. Archer; M. Bas-
tien; M. L. Bedard; C. Bolduc; M. J. G.

Boucher; J. H Bousfield; J. L. Bouvier;
G. C. J. Bradette; R. T. Brown;
J. E. Brunet; G. Campbell; A. J. Cataford;
B. J. M Cataford; W. H. Y. Cheh; R.
Cleroux; M. Concil; M. Cossette; J. M.
Fournier; J. N. Falardeau; J. Fernandez;
A. W. J. Galipeau; P. R. Gareau; G. Gar-
neau; R. Gaudreault; P. Gauthier; G. M. R.
Girouard; P. Gravei; R. E. Hansen; D. M.
Harris; L. Huard; P. Hubert; D. J. Kyria-
zis; L. F. Landry; R. Larocque; D. Layton;
M. Leeviraphan; P. A. W. Keon; V. Kui-
Dick Li; R. A. Lord; Y. P. Lum;
N. J. McKay; J. P. B. Mangione; J. L.

Mathieu; J. Michaud; J. M. C. Morency;
R. G. Morris; A. Paldi; A. Paradis; M.
Patenaude; J. R. Plaxton; G. R. Quar-
rington; E. D. Rainboth; L. M. R. Rehel;
R. L. Robinson; J. Rousseau; J. P. Roy;
P. Sanscartier; A. O. Sauolainen; A. Selin;
S. D. Shaffer; J. T. Shilhan; G. A. Smith;
M. F. Smith; J. G. Soulard; R. J. Turke-
vich; F. C. Van Der Pryt; K. P. Wong.
Loyola College: C. M. Archibald; H. Back-
man; T. F. Bagg; F. P. Brais; R. P. Czar-
necki; R. Dechene; J. J. G. M. Desaulniers;
M. B. Goruk; N. Hornyak; J. W. Hough-
ton; A. B. Hurtubise; T. Kobelansky; J. G.
Lavoie; J. H. Le Cornec; P. D. Maguire;
P. E. Mayers; C. E. Ohlson; J. Osman;
R. S. G. Piedalue; D. P. Rannie; M. St.
Onge; J. A. Sinclair; P. A. Tetro; E. M.
Traczyk; A. Turmaine; J. C. Verby; I. E.
Williams.

University of Toronto: B. M. Addison;
D. J. Condos; L. L. Davis; J. A. Deakins;
J. H. Fine; D. S. Frost; G. W. Haessler;
G. E. Holmes; M. E. Hoshkiw; H. S. R.
Judges; F. E. Krueger; B. P. Leschuk;
R. R. McCleary; D. A. McTavish; A. B.
Nicholson; R. T. Orlando; J. A. F. Roberts;
T. B. Roberts; W A. Travnik; E. L. Um-
brico; D. L. Valentine.

Nova Scotia Technical College: D.A.
Church; F. J. Corcoran; J. P. Corcoran;
J. A. Fowler; G. J. Greer; E. C. Gregoire;
J. A. Hopkins; F. J. Kelly; J. D. Kelly;
R. M. Lane; D. F. MacLennan; J. W. Ric-
ketson; V. R. Savoie; H. E. Slaunwhite;
F. M. Swanter; R. J. Wong.
Ontário Agricultural College: M. D.
Brown; K. G. Edwards; A. B. Hall; G. J.

Harvey; J. D. Horwood; W. A. Johnston;
A. M. MacKenzie; D. H. Patterson.

Sir George Williams College: C. F. Farn-
worth; F. Fiksel; S. F. Pressoir; D. Sicuso;
S. Slawner; H. J. M. Van Der Staay; R. O.
Wills.

University of Sherbrooke: J. Demers; R.
Dion; S. Lacroix; C. Mercier.

Dalhousie University: J. H. Hayward;
R. M. Ritcey.

St. Dunstan's University: B. A. Gallant;
C. H. White.
University of Alberta: E. G. Hrdlicka.

Mount Allison University: J.. E. V. Foster.
McGill University: — A. C. Niderost.
Graduates: M. R. Ernesaks (B.S.Sc., civil,

Several thousand foreign students are

working in Frendi institiitions, unher-

sities and laboratories. Tlie numbor of

engineering and technical students, in

particular, has greatly increased since

the war. It has become necess;iry to

organize and coordinate formal courses

and practical vvork. The French Govern-

ment has created a service to this end

(Service de Cooperation Technique) and

lias endowed a great niany scholarships,

a number of which have been resei^ ed

for Canadian engineers or technical nien.

Value of giants includes: as niuch as

75,000 francs a niontli for die standard

period of six niontlis; free retnrn trip

from France to Canada; free transporta-

tion in France for autliorizod trips; privil-

eges normally rcscrved to Uni\ ersit\- stu-

dents, to the extent available (lodging

and restauram facilities, community ac-

tivities, librarics, Icctures, etc); allow-

Toronto 1958); S. J. Smith (B.A.Sc., mech.,
Toronto 1958); J. J. Qualters (B.Sc, Loyola
1958).

Applications through Associations

By virtue of the co-operative agree-
ments between the Institute and the
Association of Professional Engineers, the
following elections and transfers have
become effective:

ALBERTA
Member: R. G. Durward; Júnior: M. M.
Andrews; Júnior to Member: T. Covello.

SASKATCHEWAN
Members: C. R. MacPhail; M. P. Nicholai-
chuk; C. A. Noble; A. Porter. Juniors:
R. N. Filson; D. J. Nevill. Júnior to Mem-
ber: N. E Cressey; A. A. Roesch; H.
Schmidt; Student to Member: M. E. Famu-
lak.

CORRECTION
Edward M. Bates, Winnipeg. Man.: in-
correctly reported in the March 1. 1958
minutes as Member, should have been
listed as .Júnior.

STUDENTS: E. A. Anderson; P. P. Bal-
asch; H. D. Barber; F. T. A. Barlage:
H. J. Bell; L. P. Benoit; J. F. Betemps;
B. C. Beveridge; B. Breadner; V. B.
Brown; R. R. Bryce; A. Chamish; E. A.
Cochrane; J. R. Connell; W. J. Cooke;
W. W. Crossley; W. R. Demetrick; L.
Dinter; J. Ens; J. S. Farley; L. D. Feder-
spiel; E. W. Filipowich; L. Flaman; D. P.
Flathman; S. T. Flett; B. J. Foster; C. B.
Foy; R. G. Glencross; R. G. Gorrill; O. J.

Green; J. H. Hamilton; J. M. Hamilton;
R. S. HamUton; W. J. Harder; T. D.
Harle; F. R. Hill; R. O. Houston; W. M.
Hunter;

R. N. Jacobs; F. W. Jamieson; L. E.
Johnson; T. W. Johnston; A. W. Kemp-
thorne; M. G. Korol: D. J. Kot: A. E.
Kovach; E. O. Kozev; J. W. Kramer;
L. H. Lashvn; T. S. Lau: G. A. Ledlng-
ham; T. D. Lee: D. H. Linn: D. G. Mac-
Lennan; A, L. MacMillan; J. R. McClem-
ent; K. E. McCullagh: W. J. McDonald:
D. J. McKav; W. W. McKinnon; P. Machi-
broda; C. P'. Mah: D. V. Makuch: E. C
Mikulcik; R. M. P. Miller; J. L. Milne:
H. J. Murzvn: D. D. G. Nunweiler: J. C
Ochitwa: W. E. Olauson; A. L. Opseth:
H. W. Orr; E. G. Popadynic; M. L. Par-
sons; D. A. F. Park; W. C. Paynter: P
Pisio; P. P. Pospisil: C. A. Reed: G. K
Rever; R. J. Revnolds; J. E. Richert
K. J. Rieder; L. I. Riess; G. W. E. Roach:
G. K. Robinson; K. N. Rockel; C. J. Run-
olfson:
A. P. Sander; R. G. Sanders; G. R

Schell; A. J. Schwinghamer; D. L. Sedg-
wick: T. J. Sevmour; B. A. Sjoberg: G. C
Skorobohach: D. R. Smith: G. C. Sollid

W. Spak; B. J. Stolee: M. P. J. Swanston:
J. K. Theil: W. F. Thiele; L. E. Trickey.
G. H. Turnbull; J. W. Ulrich; E. W. Unick:
A. M. Veroba; J. K. Walker: H. J. Wasy-
Ivk; D. D. Warner: N. P. Weber; H. T
Welcli; L. D. Westgate: J. N. Wilson:
W. J. Wishlow; G. W. Wortman: J. T.

Wright: M. Yamakami: G. R. A. Zieglgans-
berger: J. G. Zbeetnoff.

ances for the purchase of technical books

and for the cost of t>ping final reports.

Pronipt action is snggested. Bcfore

filing a formal application. which musí

be made on an official fonii and acconi-

panied hy se\eral detailed documents.

a siniplified procedure is snggested.

namely, that >ou ivritr immcdiatcly

Icttcr covcring as hricfhj as possiblc th<

/o/Zoiínig points: Xamc. address and tolc-

phone number; date and placo of birth.

Academic training or equivalont, (specif>

degree and specialt>> and olass ranking,

practical expcrience: roforences (gi^f

nanie and telephone niinilx-r of tvvo per-

sons); knowledge of Froncli; prograni anò

duration of proposed "stage" in France,

This Ictfer shouU he addresscd in trip-

Jicate to: Mr, Ra>nnond TRF.llL,

Chairnian of tlio Comité Frano«^-Toch-

niquc, c/o French Embass\ , 464 Wilhrod

Street. Ottawa, Ontário.

French Government Scholarships
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OBITUARIES
The sympathu of the Institute is extended to the relatives

of those whose passing is recorded here.

Frank P. Moran, jr.e.i.c, of the B.C.

Forest Products, Vancouver, B.C., died

on May 3, 1958.

Bom at Burnaby, a subiirb of Van-
couver, Mr. Moran attended the Uni-

versity of British Columbia and gradu-

ated with B.A.Sc, degree in mechanical

engineering from that institution in

1951. Employed with the B.C. Forest

Products since his graduation, Mr.
Moran designed and was responsible for

the building of an ali steel mobile spar

tree. The prototype of this proved very

successful. Mr. Moran was at the time

of his death engaged in making minor
improvements on this work.

Mr. Moran joined the Institute as a

Student Member in 1948, transferred to

Jr.E.I.C. Membership in 1953.

Professor G. V. Douglas, m.e.i.c, retired

geologist, died on October 8, 1958 in

Toronto. George Vibert Douglas was bom
in Montreal on July 2, 1892. He began
his engineering career while serving with
the Northumberland Fusiliers, and the

Royai Engineers, during World War I.

Discharged with the rank of captain, he
was one of those selected to receive a
Military Cross in 1918. Returning to a
civilian status Mr. Douglas pursued his

formal education at McGill University

and graduated with B.Sc, and M.Sc,
degrees in mining and geology from Mc-
Gill University in 1920 and 1921.

In the next two years Professor Douglas
had the opportunity to take part as geolo-

gist on the Quest, R.Y.S., which was Sir

Ernest Shackleton's expedition to the
Antarctic. After two years as assistant

professor at Harvard University he was
appointed chief geologist to the Rio Tinto
Mining Company in Spain, later in North-
ern Rhodesia. The newly established Car-
negie Chair of geology at Dalhousie Uni-
versity, N.B., was offered him in 1932.

He accepted the appointment and gave
twenty-five years to the advancement of

geological interest and studies at the Uni-
versity.

Through his lectures to a wide range
of audiences and through the Dawson
Geological Club, which he founded in

1933, he made geology come alive. After
his retirement from Dalhousie University
in 1957 he lectured at the Extension De-
partment, University of Toronto and car-

ried on geological Consulting work.
Professor Douglas joined the Engineer-

ing Institute of Canada as a Júnior mem-
ber in 1920, transferred to Associate

Member in 1921, and to Member in 1940.

He became a Life Member of the organ-
ization in 1957.

Wilfred S. Lawson, m.e.i.c, retired chief

engineer, Department of Justice, peniten-
tiaries branch, died on September 23,

1958.

Born at Barnsley, Yorkshire, on No-
vember 27, 1880, Wilfred Stelm Lawson
attended Yorkshire College, Leeds, Eng-
land. Joining the Canadian Pacific Rail-

way on his arrival in this country in 1903,

he worked with the Temiskaming and
Northern Ontário Railway and the Can-
ada Foundry Company, Toronto, for the

first few years. With the latter firm he
became assistant engineer, assistant

bridge engineer with the National Trans-

continental Railway, bridge department,

1913, and acting bridge engineer, 1915.

He also served the Canadian Army for

several years, retiring with the rank of

major. Later a bridge engineer with the

Canadian National Railway Company, he

left the organization to accept an ap-

pointment as a bridge instructional engi-

neer with the Department of Railways

and Canais, Government of Canada, in

1921. A year later he was transferred to

the work of stmctural engineer, Peniten-

tiaries Branch of the federal government.

Named chief engineer of the Branch in

1928, he retained this responsibility until

his retirement in 1947. During World
War II he took over the duties of acting

superintendent of penitentiaries, with the

award of an O.B.E. in 1946.

Mr. Lawson was a member of the

committee of the Ottawa Branch of the

Engineering Institute of Canada which
was responsible for the erection of the

Colonel By Memorial in Ottawa.

Mr. Lawson joined the Engineering

Institute in 1907 as an Associate Mem-
ber. He transferred to the status of Mem-
ber in 1916, and attained Life Member-
ship in 1942.

Lt. Col. Robert Bickerdike, m.e.i.c, of

Montreal, retired consulting engineer

died on November 8, 1958.

Robert Bickerdike was born in Mont-
real on September 30, 1869. He was
educated in Montreal schools and at

McGill University. He was awarded a

B.A.Sc, degree in civil engineering in

1891, and an M.Eng. degree in 1895.

While yet a student he was engaged in

work as an assistant on surveys for the

location of the Vaudreuil and Prescott

Lt. Col. R. Bickerdike

Railway, afterwards known as the Mont-

real and Ottawa Railway. His first gradu-

ate work was as an assistant engineer in

charge of the McGill College Observa-

tory.

During the next few years he worked
with the United Counties Railway, the

Atlantic and Northwestem Railway, the

Drummond County Railway, and the

Montreal Harbour Works. He was a

demonstrator of surveying at McGill
University for a time; and was later

associated with the Department of Public

Works, the Department of the Marine,

Province of Quebec, and the National

Transcontinental Railway.

Colonel Bickerdike was employed in

construction work for the Canada Starch

Company at Fort William and Cardinal,

Ontário, before the first World War.
Active in the militia at that time, he

was involved in the work of recmiting.

He went overseas and saw lengthy over-

seas Service in France, winning the

D.S.O. and Bar. He returned to Canada
in command of the 87th Battery and on

demobilization was transferred to the

Royai Montreal Regiment. He was trans-

ferred to the Reserve Army in 1920. He
carried on his consulting practice in

Montreal for many years.

Lt. Col. Bickerdike joined the Institute

as a Student in 1888, became an As-

sociate Member in 1895 and a Member
in 1900. He attained Life Membership
in 1936. He was also a member of the

Institution of Civil Engineers.

John Samuel Hunter, m.e.i.c, of Calgary,

president and general manager of

Hunter Drilling Limited, was killed in

a plane crash, October 8, 1958.

Bom in Metronne, Sask., on Decem-
ber 25th, 1921, he attended the Uni-

versity of Saskatchewan, obtaining a

B.Sc. degree in civil engineering in 1948.

His career began with the Canadian
Pacific Railway Company in the post of

júnior draftsman in 1947. Receiving his

degree, tlie following year he became
sénior transitman, then operating assist-

ant. Mr. Hunter left the Canadian Pacific

Railway in 1957 to join Seaman Engi-

neering and Drilling Company Limited

as general manager. A year later he
acquired tlie responsibilities of president

and general manager of Hunter Drilling

Limited.

He joined the Institute as a Member
in 1957.

G. V. Douglas
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

QUEBEC
(Fiom the Bulletin of the Corporation

of Professional Engitieers, Decemher,
1958.)

New Report Features Actual Salaries

Actual rather than recommended fig-

ures and a series of job leveis instead

of grade definitions are the more ap-

parent features of tlie "Report on Salaries

of Professional Engineers by Leveis of

Responsibility", published in September.
This Report supersedes the "Schedule
of Salaries" which was last issued in

June, 1957.

The Report is a factual account of

salaries paid 6,309 professional engi-

neers by 92 industrial and otlier organ-
izations in Ontário and Quebec as of

July Ist of 1958. The survey was con-
ducted by the Quebec Corporation and
the Ontário Association. The organiza-

tions approached in the survey were
asked to identify the work performed
by the engineers in their employ with a

number of descriptions of typical engi-

neering jobs. It was necessary that the

positions match the descriptions and the

appropriate responsibility levei.

The elaborate levei descriptions in the

Report make it easier to match a given
job. In addition, more emphasis has been
placed on the extent of responsibility and
the reference to the number of years of

experience is only incidental.

ONTÁRIO

From The Professional Engineer, No-
vember, 1958, an abstract.

Five Needs of The Professional

Engineer, by J. Herbert Smith,

D.Sc, P.Eng.

As I see it, tlie primary distinction

between the professional man and the

skilled technician is the perspective de-

veloped in the professional man as a

result of the academic discipline of his

training. This perspective not only allows

him to see his own contribution as an
important integrated part of the whole
economic and social structure, but de-

mands for his personal satisfaction and
development that his work can be so

seen by both him.self and his asso-

ciates.

The problem management faces is to

identify the specific needs that must

be satisfied if the professional employee
is to be an effective and productlve

member of the enterprise.

Summarized then, these are the five

specific needs of the professional engi-

neer that must be satisfied by the design

of his job:

(1) He must have professional work.

(2) He must have opportunities for pro-

motion as a professional employee and
individual contributor.

(3) He must have financial incentives as

a reward for improved performance and
greater contribution as an indi\idual

contributor.

(4) His job must be supervised from a

professional viewpoint.

(5) He must have professional recogni-

tion both inside the enterprise and the

larger community.

BRITISH COLUMBIA
Annual meeting

R. E. (Ron) Wilkins, O.B.E.. P.Eng..

was elected president of the Associiition

for the coming year. Results of the hallot

were announced at tíie Saturday lunch-

eon of the annual meeting held in the

Empress Hotel, Victoria, on December
5 and 6. New vice-president is H. P. J.

Moorhead, P.Eng., and elected to meni-

bership on Council were R. S. Cunliffc,

P.Eng., (Civil); Frank Noakes, P.Eng.,

(Electrical); H. M. Wright, P.Eng., (Met-

allurgical); J. R. Giegerich, P.Eng., (Min-

ing); and William Hall, P.Eng,, (Forest).

The remaining four members, to be
nominated by the Provincial Go\em-
ment, were to be named by Order-in-

Council early in the nevv year. Immc-

R. E. Wilkins, P.Eng.

diate past president, George C. Lipsey,

P.Eng., will continue to ser\-e, ex-officio.

for another year.

Two hundred and se%'enty-five mem-
bers, and se\ent>'-fi\e visiting wives

checked in at the reception desk during

the tsvo day session.

Guest speaker at the annual liincheon

on Saturda>- was Dr. Brock Chisholm.

C.B.E.. former director-general of the

World Health Organization. Speaking on
"Our Increasing Responsibilities". he
stressed the fact that t\\o Úúràs of the

world's people are suffering from lack

of food. He stated that star%ation,

tlirough improper distribution of food,

is an even greater danger than the peril

of suicidai war. Contributing to tliis

danger is nationalism in everv- forni, and

it becomes necessan- for survi\al to

develop a maturit>- that will make it

possible for ali of us to function as

members of the whole human race, re-

gardless of our upbringing or place of

birth, he concluded.

A new function this \-ear was a re-

ception for the deput\- ministers of the

Pro\ incial Government.
On Frida\- evening a highl>- succe^s-

ful stag part>- was held in the Pacific

Club when the annual barbershop har-

mony duel for tlie Killani Kwartet Kon-

test kup — the onl> plush bottom copper

plated grease cup in the world — \vas

won hv a quintet composed of A. C.

DalrMiiple, P.Eng., G. Griffitlis, P.Eng.,

I.
\\'. Milligan. P.Eng.. F. R. B. McLean.

P.Eng., and S. P. Oakes. P.Eng.

On Saturday exening the ballrooni of

the Empress Hotel w^as croxx^ded to

capacit\- by 340 of the members and

their wixes for the annual banqviet and

dance.

Tlie fifth annual Awards Luncheon

w as held on Fridax-, when some 35 re-

centK- registered niemliers received

their certificates. Life Membership
medallions were also presented to T. H.

Crosbv. P.Eng., H. J. MacLeod. P.Eng..

W. I. Nelson, P.Eng., J. l. Prois,snor. P.-

Eng. and C. E. Scanlan, P.Eng.

The Letsoii Memorial Prizc for the

best report on mechanical enginoering

was presented to Nomian H. Booth, P.-

Eng.. of Trail. by G. M. Letson, P.Eng.,

on bchalf of his brother. .\ sigiial hon-

our was paid to R. Diamond, P.Eng..

when the nioml>ers approved a recom-

mendation of Council and granted him

an Honorar\' Life Memlx-rship for his

disfinguishod contribution to tlie Asso-

ciation and to engineering in general.
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C. E. Campeau, m.e.i.c. (B.A.Sc., Ecole
Polytechnique 1941) former director of

the City Planning Department of Mont-
real, is practising as a consulting engi-

neer and consulting town-planner in

Montreal. He is the Member of Parlia-

ment for Montreal-St. James, Montreal.

Jos. A. Grant, m.e.i.c, (B.A.Sc., mining,

Toronto 1942) has retired as consulting

engineer in Montreal and is permanently

residing at Dewittville, Que.
Mr. Grant was associated with high-

way, airport, and building construction

across Canada for many years. He was
employed by the Sheraton Corporation

in Canada and the United States in re-

cent years.

Ernest A. Leja, m.e.i.c. (chem., Latvia

1930) managing director of Lundrigan's

Concrete Limited in Corner Brook, New-
foundland, holds office as chairman of

the Engineering Institute's branch in that

city.

W. H. Eastlake, m.e.i.c. (B.A., Toronto,

1912) has retired as general manager of

the wire and cable division of Northern

Electric Company Limited, Montreal.

Joining Northern Electric before

World War 1, he was on leave of ab-

sence, 1915 to 1918, with the British

Munitions Company Ltd. After tlie war
he returned to the company and in 1933
was appointed assistant general superin-

tendent of the wire and cable division.

He became works manager in 1938, man-
ager in 1945 and general manager in

1953. He is a Life-member of the Insti-

tute.

Prof. D. G. Huber, m.e.i.c. (M.A.Sc,

mech., Toronto 1942; Ph.D., lowa 1948)

News of the Personal Activitíes

of Members of the Institute

associate professor of the mechanical
engineering department at McMaster
University, Hamilton, has been elected

chairman of the department. He was with
the University of Toronto previously, as

assistant professor of mechanical engi-

neering.

H. H. Moor, m.e.i.c. (M.A.Sc, chem.,

Toronto 1923) has been appointed deputy
management development counsellor of

Imperial Oil Limited in Toronto.

With 35 years of service with Imperial
Oil, Mr. Moor is a former manager of

the Edmonton refinery, and recent

manager of the refinery at Imperoyal,

N.S. He supervised the expansion in

Nova Scotia, completed in 1957.

A. H. W. Busby, m.e.i.c. (B.Sc, mining,

Birmingham, England, 1923) has been
named consulting mechanical and elec-

trical engineer for the Rhodesian Section,

Anglo-American Corporation of South
Africa Limited. In Canada, he was as-

sociated for many years with the Con-
solidated Mining and Smelting Company,
Trail, B.C. He was superintendent of

engineering research and development
for the company from 1946. He went to

Rhodesia in 1954.

Murdo MacLeod, m.e.i.c. (B.Sc, chem.,

Alberta 1933) former plant superin-

tendent of Imperial Oil Limited's

Imperoyal Refinery, has become man-
ager of the refinery. Mr. MacLeod has

an extensive service with the company
in Calgary, Regina and Toronto. He
went to the Imperoyal refinery in 1948.

R. I. Stevens, m.e.i.c. (B.Sc, elec, Mc-
Gill 1935; M.Sc, elec, McGill 1936)

works engineer at the chemicals plant of

£. Campeau E. A. Leja H. H. Moor

Canadian Industries Limited at Shawin-

igan. Que., has become supervisor of the

company's ammonia works at Millhaven,

Ont. He joined the company in 1939, and

was for several years at Windsor works.

Z. C. Van Schwartz, m.e.i.c. (M.S./M.E.,

mech., Northwestern University, Val-

paraiso, Chile, 1932) has been appointed

management consultant of C. A. Norgren

Co. & Affiliated Companies, Denver,

Colorado. His previous occupation was
director, engineering, manufacturing,

standards of Baldwin-Lima Hamilton

Corporation, Hamilton, Ohio.

R. S. Segsworth, m.e.i.c. (B.A.Sc, mech.,

Toronto 1935) has accepted a post as as-

sistant to the general manager of Ajax

Electrothermic Corporation, Trenton,

New Jersey. He was formerly associated

with the General Engineering Company,
Toronto in the research and development

branch.

Eric C. Smith, m.e.i.c. (B.Sc, civil,

Leeds, England, 1949) has joined Atomic
Energy of Canada Ltd. as civil design

engineer in the nuclear power plant di-

vision. He was formerly associated with

the Hydro-Electric Power Commission of

Ontário, Toronto.

W. B. Thomson, m.e.i.c. (B.Sc, civil,

Saskatchewan, 1942), has been appointed

a construction engineer for the South
Saskatchewan river project, with head-
quarters at Regina. He was previously

working on the St. Mary Milk River pro-

ject, at Lethbridge, Alta.

Mr. Thomson resigned, due to this

move, as chairman of the Lethbridge
Branch, E.I.C. He had been a member
of the executive for several vears.

Segsworth

THE ENGINEERING JOURNAL—JANUARY, 1959 77





Every bridge building project is a challenge and

in its 76 years of existence, Dominion Bridge

has met 3,071* of them!

This all-Canadian Company has built—and is

building—bridges for every conceivable condition

and in ali parts of Canada from coast to coast.

It's a tough, exacting job which calls for skill and

experience—and the ability to meet varied and

hazardous site and weather conditions.

It's a rewarding job, too, representing one of the

most important phases in the development of Canada.

Besides bridges and buildings Dominion Bridge

Company Limited is pre-eminent in many other

types of Steel fabrication— vital to every

major industry.

Divisions: Structural, Platework, Mechanical,

Boiler, Warehouse— plants and offices from

coast to coast.

•Actual number of bridges fabricated and erected by Dominion Bridge,

since its foundation in 1882 up to October 1938.

The recently-opened P.G.E. Railway bridge across the

Peace River in B.C. — shown here under construction.

Construction view of plate girder bridge over the Exploits River íi

Newfoundland.

These twin railway lift bridges

take the Canodian Pacific Railway

across the Seaway canal neor

Montreal — Dominion Bridge is

also completing three other major

Seaway bridge projects.

DOMINION BRIDGE



• FERSONALS

A. P. Wiles, M.E.I.C., (B.Sc, engineering

and physics, Saskatchewan, 1946), form-

erly witli Ford Motor Company of Can-
ada as research engineer, is presently

employed by the R.C.A. Victor Company
as a systems engineer in the new defense

systems division.

John L. Aikman, m.e.i.c, (B.Eng., mech.,

McGill 1950), chief engineer with Thurso

Pulp and Paper Co., Thurso, Que., is

working as shift engineer at Montreal

Children's Hospital.

Lieutenant Commander M. R. Kent,

M.E.I.C, (B.Sc., mech., Manitoba, 1950),

on December 15th became engineer offi-

cer of "H.M.C.S. St. Laurent" (destroyer

escort), Halifax, N.S. His earlier posting

was as project officer for naval ships re-

pairs and conversions at Canadian naval

headquarters in Ottawa.

G. F. (Bud) Coote, m.e.i.c, (B.Sc, civil,

Alberta, 1940), manager of the Accurate

Exploration Ltd., Edmonton District, was
promoted to general manager, of the firm,

at head office, Calgary. The appointment

was made in April.

John R. Sutherland, m.e.i.c (B.Sc, civil,

Sask., 1953), has been promoted from
project engineer to division engineer, at

Rosetown, Sask.

S. K. McWalter, m.e.i.c (B.E., chem.,

Sask., 1948), of the British American Oil

Company has taken over the post of

operating superintendent at the com-
pany's Port Moody Refinery, New West-

NEW DREDGING EGONOMY
THROUGH WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES
r

3 Generations of Experience in 19 Countries.

One of a large group of dredging companies
spread over three continents.

-«^ Resources include 41 dredges and 112

siipporting vessels of every type and size.

Beaver Dredging w/7/ be pleased to provide

information and preliminary estimafes.

BG&\/Gr Dredging
COMPANY LIMITED

Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932

Cob/e Address "Filling"

minister, B.C., following service as

sénior project engineer at head office,

Montreal East, Que.

Roger C. Egglestone, m.e.i.c, (B.Sc..,

petroleum, Alberta, 1955), of the firm

of Sun Oil Company, has been trans-

ferred from Estevan, Sask., to Calgary.

Now engaged in production engineering,

he was earlier a field engineer.

Frank Ross, m.e.i.c. (Higher Kat. Cert.,

elec, Birmingham Central Technical

CoUege, 1947), a member of the switch-

gear and motor control department,

Canadian Allis Chalmers Ltd., St.

Thomas, Ont., has been promoted to

sales engineer on electrical equipment

for tlie Montreal district sales office.

Mr. Ross was earher connected with

Bepco Canada Limited, and the Amal-

gamated Electric Corporation Ltd.

Lt. Col. A. C. Cliiff, M.E.I.C, (B.Sc,

from the Saskatchewan arca, to Anny
mech.. Queen's, 1936), has been posted

headquarters, Ottawa, as assistant direc-

tor of Works, (stores). In the Saskat-

cheN\ an area he ser\ed as area engineer

with the rank of major.

D. R. Robson. m.e.i.c, (B.E.. mech.,

Nova Scotia Technical College. 1950),

chairman of tlie Amherst Brandi of the

E. I.C. in 1955, is a consulting engineer

with tíie firm of \. H. McFetridge and

Associates, consulting engineers at Dart-

moutli, N.S. Mr. Robson has been until

tile present time, plant superintendent

of the No. 2 plant of the firm of Enamal

Heating Products Ltd., Amherst.

Joiín J. Rowan, m.e.i.c, (B.Sc, civil.

Ecole Polytechnique. 1935; B.Sc, mech.,

Massachusetts Institute of Technolog\-,

1936), has been promoted from assistant

refinery manager to manager of the

Montreal East Refinery, Imperial Oil

Limited, Montreal. Mr. Rowan was a

member of tiie Sarnia Brancli Council of

the E.I.C. in 1952 and 1953.

Xorman Lapierre, jR-e ic, (B.A.Sc., civil,

La\al Uni\ersit>-, 1955), fomierly field

engineer for the Baie Comeau Company
is at present eniplo>ed as engineer and

ostimator for C. Jobin Ltee., general con-

tractors in Quebec Cit>-. Mr. Lapierre is

secretar\- of the Baie Comeau Branch,

E.I.C.

James D. Kingston, jr.e.i.c (B.Sc. Civil.

Queen's, 1954). fornierly job superin-

tendant with Temiskaming Construction

Limited at Chelmsford, Ont., is a newly

appointed project engineer. Hill-Clark-

Francis Limited, Kirkland Lako. Ont.

Mattio O. Diorio, jR-e.i.c (B. Eng..

Metall.. McGill. 1957). of the Dominion

Brake Shoe Company. Jolietto, Que.,

formerly assistant works manager,

hiis been ayipointed works manager of

tiie Joliettc plant. Mr. Diorio joincd tlie

company in 1954.

Gordon K. Hunter, jr.e.i.c (B.Sc. civil.

Toronto, 1950), an engineer concemed
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Franki wn^thod ofiers sotution
to differential settlement probtem

Probtem
The Saskatchewan Research Council building is one of four new
structures on the University of Soskatchewan Campus, constructed on
Franki Caissons.

The site soil conditions posed the problem of the transfer of heavy
column loads to a suitable bearing stratum beiow the excavated
grade. High water conditions required the use of a foundation elimi-

nating the difficulties of deep excavation. The overlaying clay was
inadequate to carry loads transferred by spread footings. The most
significant problem was to determine the depth at which foundations
could be based, for although the bearing capacity of soil increased

with depth, the elevation at which differential settlements could be
held within permissable limits was not obvious.

Sotution
The Franki base is made by ramming zero slump concrete into the

supporting soil with blows of 140,000 foot pounds of energy. Twenty
such blows are required to expel each 5 cubic feet of concrete in the

base to obtain 120 Ton bearing capacity. Concrete is added in the

base until the required blows are attained.

Thus the engineers were assured that uniform bearing was achieved
under each caisson, thereby eliminating the possibility of differential

settlement and, at the same time, securing a measure of the bearing
capacity of each base.

No other foundation system can offer these advantages so eco-

nomically.

O ¥= OAIMADA LI IV1 ITED
Head Office: 187 GRAHAM BLVD., MONTREAL 16, P.O.

QUE&EC OTTAWA TORONTO EDMONTON VANCOUVER



• PERSONALS
with tlie iinprovcnient of highways and
tiansportation has been awarded an

Esso Good Roads Seholaiship. Formerly

a sénior project design engineer with the

Ontário Department of Highways, he is

now registered in a course in transpor-

tation engineering at the Institute of

Transportation and Traffie Engineering,

University of Califórnia.

P. J. Pride, jR.E.i.c, (B.Sc. Metall.,

Queen's 1956), has joined the Arvida

works, Aluminum Company of Canada,
technical division and will work as an

engineer in the metallurgical develop-

ment department. With the Akiminum
Company since 1956 he was previously

a development engineer and metalhir-

gist in the remelt department at the

Shawinigan smelter.

K. Linn MacDonald, jr.e.i.c. (B.Sc.,

niech., Manitoba, 1956), formerly an en-

gineer with the Ontario-Minnesota Pulp

& Paper Co., Fort Frances, Ont. has

been appointed plant engineer, Canadian
Splint and Lumber Corporation Ltd.,

Pembroke, Ont.

Edward L. Littlejohn, jr.e.i.c. (B.A.Sc.,

chem., Toronto, 1949), of the Union Car-
bide organization, Toronto, has been
named as assistant to the president of

the Visking Company, Division of Union
Carbide Canada Limited. Mr. Littlejohn

joined the organization in 1949, and has

since 1956 been manager of public re-

lations, Union Carbide Canada Limited,

at Toronto. He will now be located at

the Visking Company office and plant

at Lindsay, Ont.

J. McGown, JR.E.I.C, (B.Eng., mech.,

McGill 1951), formerly road foreman of

engines, Kootenay Division, of the

Canadian Pacific Railway, Nelson, B.C.,

has been named master mechanic of the

Revelstoke Division, Revelstoke, B.C.

A. W. Saunders, jr.e.i.c. (B.Eng., civil,

McGill 1949), flight test engineer, Trans-

Canada Air Lines, Dorval Airport, Mont-
real, has joined the de Havilland Air-

craft of Canada Ltd., as a test pilot at

Downsview, Ont.

Keíth S. Preston, jr.e.i.c, (B.Sc. civ. &
mech., New Brunswick, 1955), of the

construction and maintenance depart-

ment, Imperial Oil Ltd., has been ap-

pointed assistant resident engineer of

construction wath Dominion Tar and
Chemicals Company Ltd., Hamilton,

Ont.

G. B. Weld, jr.e.i.c. (B.E. mech., Nova
Scotia Technical College, 1955; M.Eng.,
mech., Sheffield, 1957), has been ap-

pointed assistant professor of mechanical

engineering, Nova Scotia Technical Col-

lege, Halifax. Until his present appoint-

ment Mr. Weld was assistant to tlie

director, National Research Council,

Halifax, N.S.

J. R. McMackin, jr.e.i.c. (B.Sc. Civil,

New Brunswick, 1949), of Defence Con-

struction (1951) Ltd., has been trans-

ferred from North Bay, to Camp Peta-

wawa, Ont. Mr. McMackin has in each

area been employed as a project engi-

neer.

Claude Francoeur, jr.e.i.c, (B.A.Sc,

civil. Lavai 1955), formerly a project en-

gineer on the Lake Ste. Anne resen-oir

project of the Perini Cartier Construc-

tion Company is now on the engineering

staff, main office of the firm, Montreal.

Captain J. G. Forth, jr.e.i.c, (R.M.C,

1952; B.A.Sc. chem., Toronto, 1954),

formerly officer commanding, First .\ir-

borne Troop R.C.E., Calgar>-, has been

posted as second-in-command of 24

Works Company, R.C.E.. Camp Borden.

Ont. \Mule stationed at Calgarj-, Cap-

tain Forth was responsible for the com-

mand, training, and control of the only

airborne engineer unit in Canada.

Ross H. Curtis, jr.e.i.c (B. Eng. elec,

McGill, 1950), formerly sales engineer,

R.C.A. Victor Company Ltd., Montreal,

has been appointed manager, engineer-

ing products division. marketing dept..

Calgan,'.

M.E.M. Gibson, jr.e.i.c. (B.A.L, civil,

Trinit>- College, Dublin, 1954), was for-

merly field soils engineer, H. G. Acres &

Be particular . .

.

see LOCK for

STEEL TANKS
You can depend on Lock for speedy, effi-

cíent servíce and reliable workmanship.
Ask Lock for an estimate next time you
need . . .

• storage tanks

• pressure tanks

• welded steei
platework

• breechíngs

• pípe work to
specifícotíon

• and ali types
of Steel

fabrícation

J. H. LOCK
& SONS

LIMITED
150 PERTH AVENUE, TORONTO, ONTÁRIO
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ondenser Leadershíp

Worids

Lorgest

ondenser
200,000-square-ffoot single-shell

condenser for Commonwealfh Edison

Engineering ability to handle the extraordinary jobs,

such as this giant unit, accounts for Allis-Chahners

continued leadership in condenser development. The
unit will serve another A-C achievement— a 327 mw
steam turbine generator at the utihty's Fisk Statioru

Installation of so large a condenser is not a srmple
task. However, a unique method devised by A-C is

used to minimize erection problems. Complete fac-

tory assembly ahgns the sections perfectly. Dowel
and pull-up blocks are installed at each joint to
insure exact alignment when condenser is reassem-
bled in the field. Specially built freight cars permit
shipment of the entire shell in only four sections.

For more information on the most advanced
developments in condenser engineering, call your
nearby CA-C office, or write Canadian Alhs-
Chahners Limited, P.O. Box 37, Montreal, P.Q.

First with specially

built freight cars to
accommodate large
condenser sections,
thereby reducing
shipping problems,
cutting installation
time and costs.

First full-size con-
denser in public util-

ity to incorporate
aluminum tubes. This
installation is part of

a long-range study
that may lead to in-

dustry-wide savings.

MADE IN CANADA

kLLIS-CHAUHERS<M>



• PERSONALS

Co., Labrieville, Que., on tlie Bersimis

No. 2 project. He has recently accepted

an appoinhnent as design engineer with

R. E. Winter and Associates, at Toronto.

R. E. Chamberlain, jr.e.i.c. (B.A.Sc, elec,

University of British Columbia, 1953),
of the Bailey Meter Company Limited,

Montreal, has been transferred to Quebec
City, Que. Mr. Chamberlain has relin-

quished the work of project engineer to

beconie sales-service engineer in his new
location.

Peter Glockner, jr.e.i.c. (B.Eng., civil,

McGill 1955; M.Sc, structural Massa-
chusetts Institute of Technology, 1956),
has since then been employed as a de-

sign engineer for C. C. Parker, Whit-
taker & Company, consulting engineers of

Edmonton, Alta. Early in 1958 he was
appointed an assistant professor of ap-

plied mechanics, University of Alberta.

Flying Officer W. G. Williams, jr.e.i.c,

(B.Sc, civil, Queen's 1955), is a con-

struction engineer officer at the R.C.A.F.

Station, Calgary, Alta.

Flying Officer Williams was formerly

on the staff of construction engineering

branch at Training Command Head
quarters, R.C.A.F. Station, Trenton, Ont.

John S. Taylor, jr.e.i.c. (B.Eng., civil,

McGill, 1949), who was assistant to

general superintendent, reduction divi-

sion, Arvida Works, Aluminuni Company
of Canada, is now technical superinten-

dent, Beauharnois Works, of die same
company.

Mr. Taylor served on the executive

from 1955-56. Prior to his transfer he

was vice-chairman of the Saguenay
Branch of the E.I.C.

Richard Francis Critchley, jr.e.i.c,

(B.Eng. mech., Saskatchewan, 1955),

lately of Montreal, as production engineer

for Dominion Engineering Company Lim-
ited is studying in Great Britain ac-

cording to the provisions of an Athlone

Fellowship. At present he is associated

with the firm of Vickers-Armstrong ( Eng-
ineers) Ltd., at Newcastle-upon-Tyne,

Mr. Critchley will do post graduate work
in the department of apolied mechanics

at the University of Sheffield in his sec-

ond and final year in England.

F. D. Malloch, jr.e.i.c, (B.Sc, mech.,

Queen's, 1951), has transferred his Ser-

vices from tlie Department of Northern

Affairs and National Resources to the

Scarborough, Ont., firm of James How-
den and Company of Canada Ltd. He is

employed in die heat transfer division of

that organization.

E. A. Beaumont, jr.e.i.c, (B.A.Sc., civil,

British Columbia, 1949), formerly di\i-

sional engineer, location branch and dis-

trict engineer, is now regional location

engineer with Dept. of Highways, Prince

George, B.C.

Donald S. Miller, jr.e.i.c, (B.Sc, mech.,

Queen's 1954), has resigned from the

Royai Canadian Air Force to accept an
appointment as lecturer, mechanical en-

gineering department at Royai Mihtaiy

College, Kingston, Ont. He is pursuing

post graduate studies leading to a masters

degree in mechanical engineering. A
former sabre pilot, he was stationed in

Germany with the 4(f) Wing, R.C.A.F..

at Baden - Soellingen, from 1955
to 1958.

J. H. Whelen, jr.e.i.c, (B.Sc, CE-, ci\-il.

U.N.B. 1952; S.M.; industrial manage-
ment, M.I.T., 1954), has transferred his

Services from the economic planning and
market research department of Canachan
International Paper Company to Hygrade
Containers, Ltd., Toronto division. His

post is that of marketing manager.

J. P. Hartt, jr.e.i.c, (B.A.Sc, civil, Tor-

onto, 1950). has accepted an appoint-

ment with the department of engineer-

ing teaching staff of Essex College. As-

svimption Universit\- of Windsor, Wind-

Harnessing the power of water, "Pacpipe" serves hydro-electric, irrigation, municipal and
industrial developments throughouí the continent. "Pacpipe's" many ouísianding advan-
tages include: low cost insíallation; transportability; excellent hydraulic characieristics;

low maintenance; long life; proteclion from freezing; adaplability and erosion resistance.

Long life "Pacpipe" is the practical economical answer ío waíer and acid solution handl-

ing problems. Write for free "Pacpipe" Catalogue.
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REGULAR SERVICE

CIMENT FONDU
For service temperatures up to

2450°F. High cold strength,

and is ready for white heat

service in 24 hours. Permits

quick pouring of monolithic

walls, roofs, hearths, any shape,

size or form. 2450*

ALUMINOUS CEMENT

• Flexíbility of Design

• Low Cost of Materials

• Low installation Costs

• Avoidance of Delay

WRITE FOR THESE BOOKLETS...

1. SECAR 250 Super-Duty Refractory Concrete

2. Ciment Fondu Refractory Concrete

3300*

EH

SUPER-DUTY

SECAR 250
Super-Duty, for service tem-

peratures up to 3300°F. Highly

resistant tò slag and spalling

attack. Needs no special pre-

íiring, and can be cold-cast

accurately to any size or shape.

Resists to a high degree prod-

ucts of combustion, also dis-

integration in reducing or cor-

rosive atmospheres. High cold

strength and ready for service

in 24 hrs.

Secar 250 is a high purity white Calcium-

Aluminate Cement, over 70% AI2O3,

with less than 1% Iron compounds and

Silica.

CIMENT FONDU LAFARGE
(CANADA) LIMITED

1405 Peei Street, Montreal, P.Q. Distributors ali across Canada.

Tel: AVenue 8-4131

DRY CASTABLE MIXES USING SECAR 250 OR CIMENT FONDU ARE NOW AVAILABLE THROUGH REFRACTORY MANUFACTURERS (NAMES ON REQUESTI
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sor, Ont. Mr. Hartt's recent engineering

experience was with tlie St. Lawrence
Seaway Autliority, civil engineering de-

partnient at Welland, Ont.

W. B. McLachlan, s.e.i.c. (B.Eng. elec.,

McGill, 1958, has joined the júnior en-

gineer training program of the Ontário

Hydro Electric Commission, at Thorold,

Ont.

S. W. P. Wyszpkowski, s.e.i.c. (B.A.Sc.

chem., Toronto 1958), is employed as a

development engineer, for the Du Pont
of Canada, textile fibres division, at

Kingston, Ont.

C, A. Laferriere, s.e.i.c. (B.A.Sc, civil,

Toronto 1957), formerly field engineer

in building construction for the firm of

Hill-Clark-Francis, Ltd., at Noranda,
Que. has been named resident engineer

in the field of municipal engineering,

for Desjardins and Sauriol, consulting

engineers, Pont Viau, Montreal.

Gilles Chartrand, B.A.Sc., chem., Ecole
Polytechnique 1957), is employed as a

technologist with the Shell Oil Company
of Canada, Montreal.

Valmond Robichaud, s.e.i.c, (B.Sc. civil,

New Brunswick, 1957), formerly an as-

sistant engineer, Aluminum Company of

Canada, at Shipshaw, Que., has been
appointed assistant resident engineer,

Department of Public Works, Trans-

Canada highways division at Dartmouth,
N.S.

J. S. Luffman, s.e.i.c. (B.Sc, civil, New
Brunswick), is in charge of "Butler Build-

ings" for Fry's Engineering Co. Ltd.,

St. John's, Nfld.

Flying Officer R. H. Jones, s.e.i.c, (B.E.

civil, Nova Scotia Technical College,

1958), is assistant construction engineer-

ing officer at the R.C.A.F. station, Clin-

ton, Ont.

E. J. Jackiw, s.e.i.c, (B.S., mech.,

Queen's 1958), is now júnior engineer at

Horton Steel Works, Fort Erie, Ont.

Lieutenant F. J. Bradbrook, s.e.i.c,

(B.E., civil, Nova Scotia Technical Col-

lege, 1958), has been following tlie

young officers training course witli

R.C.S.M.E., at Camp Chilliwack, B.C.

since his graduation. He is presently

posted at Camp Petawawa, Ont. where
he is a headquarters lieutenant witli 1

Field Squadron, R.C.E.

Norman Benoit, s.e.i.c (B. Eng., elect.,

McGill 1958), is following a two-year

training course wdth Canadian General
Electric Company Ltd., Peterborough.

E. J. Stewart, s.e.i.c, (B.E., elec, Nova
Scotia Technical College 1958), is an as-

sistant engineer with the Canadian
Pacific Railway, Montreal, coirununica-

tions department.

B. W. Sarjeant, s.e.i.c, (B.Sc. eng. civ.

London, 1958), is design engineer wiúi

the firm of Read, Jones, Christoffersen,

consultant engineers at Vancouver, B.C.

Kenneth E. Tingley, s.e.i.c, (B.Eng.

elect., Nova Scotia Technical College,

1957), has left the Canadian General

Electric Company Ltd., Peterborough,

Ont., to work with the Linde Air Prod-

ucts, division of Union Carbide Canada.

He has been assigned to tlie de\elop-

ment laborator>' at Newark, N.J. for a

one or two \ ear training period.

Murray E. Markanen, S.E.I.C., (B.Eng.

civil, McGill, 1957), has left the firm of

C. A. Pitts, General Contractor Ltd.,

seaway contractors at Comwall, Ont.,

Mr. Markanen has joined a Broclcville.

Ont. compan>-, Permanent Transit-Mix

Concrete Ltd.

Wait, Sheila!

Don't take it out on us because the house drain is plugged
by tree roots and your automatic washer is useless. We
know a river bank is a tough place to do laundry but what
can you do under tiie circumstances?

Your troubles prove the need for a truly root-proof sewer
line today, more than ever before — so much comfortable
living depends on uninterrupted service.

When you replace the line, make sure the Contractor uses
Plain End Vitrified Clay Pipe, Fittings and Root-Proof
Couplings. Be sure of trouble-free drains forever. Plain End
Vitrified Clay Pipe, Fittings and Couplings are root-proof,
by actual test.

P/a/n End Pipe from 4" to 24-"

NATIONAL SEWER PIPE
LIMITED

SALES OFFICE — BOX 18 OAKVILLE, ONTÁRIO
Tf>e Prettv Housewife ?
Mooei Sheila BiHrng.

aa.an Siage and TV Staf
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TO SAVE ON FASTENERS

THROUGH COLD HEADING

Machined "Spec/a/"

The simple Fiat Head Shoulder
Rivet shown on the left above
(enlarged), was slightly amended as

seen on the right, to permit pro-

duction by cold heading instead of

by machining. The elimination of

scrap loss, combined with increased

speed of production, brought a

saving of 80'r to the purchaser.
Pictured below are several other

"specials" standardized by Stelco

with considerable cost reductioií.

S7121.B

. siightíy redesigned as a Coíd Headed ''Standard"

Result - 80% Savings

!

Stelco's modern bolt-making facilities, plus the services of Specialty

Fastener Representatives, offer you three ways to save on "special"

fasteners —
FIRST — Many types.of conloured parts can be produced by cold

heading more economically than by machining. Not ali savings

are as impressive as the one illustrated above, but cost reductions

in the regioii of 40% are not uncommon and are often accompanied

by minor redesigning which adds to the strength of the part.

Secondary operations, such as thread roUing or cutting, knurling,

extruding, flaltening, piercing, drilling, broaching, and bending

are also provided for in Stelco's facilities.

SECOND — Stelco will carry as stock items your long-run repeti-

tive "specials" — giving you a ready source of supply and the

benefit of large-quantity prices.

THIRD — Your "special" requirement might already be in stock

as a Stelco "Standard" — or possibly an existing "special" could

meet your needs. In either case you would realise a saving.

Why not ask Stelco's Engineers to examine your "specials"? If

they are adaptable to production by the cold heading process your

cost reductions will be substantial. Any Stelco Sales Office is at

your service.

THE STEEL COMPANY OF CANADA, LIMITED
Execufive Offices: Hamilton and Monfreal

Sales Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor, Winnipeg,

Edmonton, Vancouver. J. C. Pralt & Co. Limited, St. John's, Newfoundland.
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NEWS OF THE BRANCHES

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

BORDER CITIES

A. W. Malmberg, jr.e.i.c,

Branch News Correspondent

On October 17, 1958, 160 members and
guests of the Border Cities Branch of the

E.I.C. honoured Dr. K. F. Tupper,

O.B.E., president of the E.I.C. with a

dinner and dance at the Essex Golf Chib.

Dr. Tupper who had just returned

from a visit to the U.S.S.R., spoke to the

gathering on observations and impressions

formed on his trip, which were both

interesting and enlightening.

FREDERICTON

Lyle W. Smith, jr.e.i.c,

Branch News Correspondent

At a branch meeting on November 17,

1958 Mr. Cunningham of New Bruns-

wick Telephone Company traced the

developnient of transister tubes and their

application in the telephone industry. He
related .some of the cxpected develop-

ments in the telephone industry and ex-

plained how they would be of service

to the public. He also mentioned use of

microwave networks and picture tube in-

stallations in telephone network.

siR CLAUDE GiBB was the speaker at

the meeting of October 28. Sir Claude is

president of C. A. Parsons Co. Ltd., Eng-
land, and his subject was "The Develop-

ment of Nuclear and Orthodox Power
Stations."

HAMILTON

W. A. H. Filer, jr.e.i.c, Sec.-Treas.

J. R. Currie, m.e.i.c,

Branch News Repórter

At the November meeting of the

Hamilton Branch, on November 13, there

was a panei discussion on the "Die Cast-

ing Process". The speakers were five rep-

resentatives from four of the major Can-
adian producers of die castings. The
panei chairman was N. J. Clark of Bar-

ber Die Casting Ltd. The other members
were S. Bulmer, W. H. Weatherhead,
and R. D. MacLean, ali of the Die Cast-

er's Section of the Automotive Parts

Manufacturers Association. Mr. Clark

gave a brief history of die casting in

Canada, and the panei answered ques-

tions from the floor.

A technical session was held, followed

by an informativo film entitled "The
Shortest Way".

The Hamilton Branch held its Annual
Social Evening on November 28.

Members and guests were welcomed
by Branch Chairman R. C. MitcheU, and
L. C. Sentence introduced Dr. K. F.

Tupper, president of the Institute. Dr.

Tupper spoke brieíly about activities of

the E.I.C. in the international realm. He
also gave a most interesting and informa-

tive talk about the recent trip to Rússia

made by Dr. Tupper and Dr. Page.

This event also marked the first official

visit to Hamilton of Dr. Garnet Page in

his new position as general secretary.

Earlier in the day Dr. Tupper and
Dr. Page were taken on a tour of tlie

nuclear research developnient at Mc-
master University by Dr. Hodgins and
Dr. Thode, and on Friday aftenioon the

guests met with the Hamilton Branch

Executive.

CORNER BROOK

E. R. Skanes, jr.e.i.c, Sec.-Treas.

H. A. Hinton, jr.e.i.c,

Branch News Repórter

Professor D. L. Mordell, dean of

engineering, McGill University, spoke to

the Comer Brook Branch, E.I.C. at their

November 5 meeting. Subject of the ad-

dress was space travei which, he said, is

here now, insofar as it is technically

possible within the limitations of our

present knowledge. The recent American
moon-rocket, altliough it went only about

one-tliird the intended distance, was
actually a very near miss. Many compli-

cated problems remain to be overcome
before manned space ships will be pos-

sible, but judging from the time taken

for means of land, sea, and air tra\el

to reach their present high state of de-

velopnient from the first ste.ini carriage.

a manned flight to the iiioon niay be

exjiectcd within ten years. Greatest need

of this field, he said, is for nien with

better all-round education, not merely

well-trained technicians. The problems

that will be brought by the age of space

travei now opening, will require inde-

pendent creative thinking on the part of

engineers, administrators, politicians. and

nien in many other fields.

KINGSTON

D. I. Ouroni, jr.e.i.c

Secretary and Branch News Repórter

MooERN instrumentation in Control of

Chemical Processes," was discussed by
G. B. Hall, instrument engineer, Can-
adian Industries Limited, Montreal, at a

meeting of November 4, 1958.

Mr. Hall outlined the uses and advan-

tages of the various types of instruments

available for the control of chemical

processes. The discussion centred around

the instrumentation required to control

the operation of an ammonia plant. The
limitations of materiais were revãewed.

and the desirabilit>" of dupUcating ke>

pieces of control equipment was dis-

cussed. The use and operation of the

various pnemiiatic and electronic control-

ler-recorders was described. The talk

closed with a discussion of the applica-

tion of automatic controls to processes.

MONTREAL
Dr. K. L. Pinder, jr.e.i.c.

Branch News Correspondent

The nation.\l film board, Montreal,

entertained members of the Montreal

Branch on November 12.

The members were introduced to the

functions and the background of the Film

Board. The range of film t>-pes and tlie

awards won by the Board were men-
tioned. The visitors (200 strong) were

conducted tlirough tlie different labora-

tories and recording studíos.

NEWFOUNDLAND
R. L. Snn tli, jr.e.i.c, Sec.-Tre^s.

R. P. Hunt, JR.E.I.C,

Branch News Repórter

De.\n d. L. Mordell, dean of engineer-

ing, McGill Universit>-. Montreal, was

guest speaker before tlie Newfonndland
Branch on November 2, 1958. In liis talk.

".\n Engineer Looks at Space Travei".

This lecture is reported elsewhere on this

page.

SARNIA

R. F. Routledge, m.e.lc, Sec.-Tre^s.

C. M. Stewart, jr.e.i.c,

Ptiblicity Chairman

Professional management tod.ky was
the subject aired at a joint meeting 'with

the Sarnia Branch of the Chemical
Institute of Canada.
George E. Terris, vice-presidenf of

Pa\ne Ro.ss Ltd. of Montreal and To-

ronto, management consiiltants, was th»-

speaker.
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Here's a new booklet packed with

short cuts you can use right now!

CANADIAN KODAK
CO., LIMITED,
Toronto 9, Ontário

Gentlemen : Please send free

copy of new Kodagraph
Booklet.

Name,

Written and illustrated especially for engineers,

draftsmen, architects. Shows how to save

valuable hours of drafting time with low-cost

Kodagraph Reproduction Materials.

I I
How to restore old drawings vvithout rctracing Ho\v to

combine separate drawings on one new tracing Q How to turn

weak-line detail into dense photographic black Unes Q How to

"Ijuild" drawings with photographic templates Q How to put old

drawings on new drawing fonns vvithout retracing Q How to use

photographs in place of drawings Q How to get tracings from

bkicprints and othcr "unprintables" Q How to cut reading errors.

Page ajter page of helpful tips— send for your copy today!

Kodagraph
Reproduction Materials

—JUST MAIL COUPON

Zone
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• BRANCH NEWS
The ineeting was under the chairnian-

ship of J. H. Douglas. The speaker was
introduced by M. Waghorne and thanked
by N. Shipley.

TORONTO BRANCH
G. F. R. Norton, jr.e.i.c.

Branch News Repórter

D. S. Moyer, m.e.i.c, Sec.-Treas.

An urban planning consultant ad-
dressed the October 30 nieeting of the

Branch in a talk on "The Satellite City".

Mr. R. S. Dennison of Bronialea Con-
soHdated Developments Ltd., dealt with
the advent of the satellite city concept
to fulfill human needs in áreas of exten-

sive urban development sucli as Metro-
politan Toronto.

This was a joint meeting with the

Some guests at the Fifth Annual Engineers" Ball, Niagara Falis. 1958. In th's group:

D. A. Barnum, T. C. Keefer, A. W. F. McQueen. J. A. McLaren, C. T. Carson,

B. H. Goodings, T. M. Medland, A.P.E.O., J. K. Picken. Mrs. Bamum, Mrs.
Keefer, Mrs. McQueen, Mrs. Carson, Mrs. Picken, Mrs. Goodings.

joint area committee. R. H. Self chaired

the meeting. B. Hardcastle introduced

the speaker and ^\'. Sefton thanked the

speaker.

At left, visit of F. S. Snow. C.B.E.. past

president of the Institution of Structural

Engineers, London, to the Toronto

Branch. From left to right: M. S. Yolles,

W. P. Dumbleton, \V. Sefton. J. L. Kel-

lerman, T. Howarth. Mr. Snow. L. H.
Fitzwilliam, A. Shuper. Professor \.

Davidson, B. Hardcastle. and .1. A.

McLaren.

BOOTH
STEEL ROLLING SHUTTERS

have a world-wide reputation for efficienc>'

and safet>'. The sturd>- construction

and specially designed laths combine to defeat

the weather at its worst, and at tlie sanie

time pre\"ent unauthorised intrusion. Electric

Conhol is provided for the heaNder type

of Shutters when desired. The curtain can be

raised, lowered, or placed in any position

simply by pressing a button. This is specially

useful when large Shutters aro fitted to

openings which it is ad\isablo to keep

closed and which are yet in frequent use.

JOHN BOOTH & SONS (BOLTON) LTD.

HULTON STEELWORKS, BOLTON, ENGLAND

Reprf^nted in Canarfa By

DAVID McGILL & SONS LIMITED
16 ST. JOHN S ROAD. POINTE CLAIRE

MONTREAL 33. QUEBEC
TELEPHONE MELROSE 1-8442
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The Napanee Boiler is your investment in trouble-free, fully

automatic heating or process steam for your operation. You benefit by

profit too — from lower instai lation costs, space

conservation and lower fuel consumption.

Napanee is a complete package — designed and built in Canada, factory assembled

and fire tested under full load conditions before shipment.

The quality and economy of Napanee is your guarantee of Automatic Profit.

For literature and complete details call your

Napanee Distributor or write:

KW KW «Hm 1^1 NAPANEE IRON WORKS LTD.

*^ A SUBSIDIARY OF

/^^T^yty§J\Trã^^ B^yiLEfíS INTERNATIONAL EQUIPMENT CO. LTD.

THE ENGINEERING JOURNAL—JANUARY, 1959 93



• BRANCH NEWS
NOVA SCOTIA TECHNICAL
COLLEGE

John Jay, s.e.i.c, Correspondent

Prof. Max Baker was a special guest

at the regular monthly meeting of the

executive of the Student Society. He was
presented witli a small gold penknife by

John Jay, the student representative for

the Engineering Institute of Canada. It

was on the occasion of Prof. Baker's re-

tirement as Faculty Advisor to the group

and of Prof. Steeves' succession in this

capacity.

PETERBOROUGH
G. M. Locke, jr.e.i.c, Sec.-Treas.

J. G. Hooper, m.e.i.c,

Branch News Repórter

Underground coal MINING, íts methods
and problems were explained to members
of the Peterborough Branch at a Novem-
ber 12 meeting, addressed by WilHam
H. Bowes. A stress analyst for the Civil-

ian Atomic Power Department, Canadian

General Electric Company, Peterborough,

Mr. Bowes was concerned with an issue

of current interest, "Men, coal and

'Bumps' at Springhill, N.S."

Mr. Bowes was introduced by John

Pawliw and after a question and dis-

cussion period was thanked by C. W.
Holman.

SAULT STE. MARIE

R. L. Wimperis, jr.e.i.c,

Sec.-Treas. and Branch News Repórter

Professional recognition and status

for engineers comparable with that en-

joyed by other professions was discussed

by Dr. K. F. Tupper, president, E.I.C.,

in an address to the Sault Ste. Marie

Branch on November 11.

Introduced by W. Hogg, Dr. Tupper
was thanked by L. F. Mason-Tulby.

While the members dined and listened

to Dr. Tupper's address, tlie ladies dined

separately with Mrs. Tupper, and later

enjoyed card games. Following the pres-

ident's address ali joined in for the con-

clusion of the evening.

VANCOUVER ISLAND

J. A. Cowlin, jr.e.i.c, Sec.-Treas.

H. F. Coupe, m.e.i.c,

Branch News Repórter

The annual "ladies night" was held

at the Pacific Club, Victoria, on Novem-
ber 19. Cocktails and dinner followed

by an address by Dr. G. C. Carl, director

of the Provincial Museum, were enjoyed

by members and their ladies.

Introduced by D. Watts, his subject

'Island Explorations" covered field work
carried out by the Museum staff on the

west coast islands of British Columbia.
The talk was illustrated with an excellent

and very educational colour fikn entitled

"The Sea".

VANCOUVER

J. J. Kaller, m.e.i.c,

Branch News Repórter

Ronald Clough, m.e.i.c, Secretary

"Small boats" was the name given a

lectrne which introduced a variety of

boats to assembled Branch members at

a meeting held October 29. The authorit>-

was Vancouverite John Brandlma>T, con-

sulting engineer, naxal architect, and a

sénior partner of Spencer Boats Ltd.

On November 1 a field trip to "Spen-

cer Boats Ltd." aUowed numerous E.I.C.

members to have a close look at the

production of motorboats and sailboats

designed by Mr. Brandlma\T.

On October 21 the Structural Section

of the \'ancouver Branch arranged a

panei discussion on an always timeh'

subject: "The Architect and the Struc-

tural Engineer-Relations of Scope of

Work." The livel\- discussion between the

panei members and the audience proved

that while relations bet\\en the two pro-

fessions are ver\' satisfactorj- the ideas

about tlie scope of work are not quite

unanimous. The architects point of view

was presented by Messrs. W. Leithead.

P. Thornton and K. Gardner,—Messrs. B.

Barrett, J. Read and A. C. Smitli pre-

sented the structural engineer's case. Mr.

W. E. Stone was the moderator.

DART
UNIONS

for effic/enf serv/ce

and economy

94

CINCH
ANCHORS

"STRONGER THAN THE BOLT

The completely reliable expansion Anchor

Monufoctured in Conodo solcly by

CANADIAN CINCH ANCHORING SYSTEMS
LIMITED

2095 Madison Avenue, Montreol

Doto book — stress tobics on rcquest
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\LL KINDS OF

POWER

Lister HA3 air cooled lightweight Diesel 30 BHP continuous 1800 RPM.

.ISTER-BLACKSTONE

DIESEL ENGINES
Wherever you use Diesel power, there is a

Lister-Blackstone engine to handle the job
efficiently, economically. The fuU line includes units

from 3K to 1400 BHP.
Built in a tradition of reliability, ali models incor-

porate the very latest improvements in Diesel design.
Easy maintenance and dependable operation are

assured when you specify Lister-Blackstone. Service
and spare parts are available from coast to coast.

Write US for details indicating application.

bADIAN LISTER-BLACKSTONE
LIMITED

921 Eglinton Ave. E. Scarborough Toronto 13 Ontário

'ANCOUVER MONTREAL
< lhe U.S.: Lister-Blackslone, Inc., 42-32 21s» Street Long Island Cily 1, N.Y.

Designed for a view— with
ffír plywood box beams
Light, strong fir plywood box beams, on widely

spaced posts, provided this house with

maximum window area at a low cost. Box

beams are only one of many economical

building components which can be made from

fir plywood. The uses of fir plywood box

beams, stressed skin paneis and rigid frame

arches for commercial and residential

construction, schools and industrial buildings

are well worth your examination.

For a coíicise technical haiidbook

giving full design proeedure, write to . . .

PLYWOOD MANUFACTURERS
ASSOCIATION OF B.C.

550 Burrard Street, Vancouver 1, B.C.

FIR PLYWOOD MARKED (PMBC EXTERIOR) HAS WATERPROOF GLUE
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News of Other Societies

Calendar

American Inst. of Chemical Engineers

National meeting, Atlantic City, N.J.,

March 16-20, 1959.

National Association of

Corrosion Engineers

15th annual conference, Chicago,
March 16-20, 1959.

American Chemical Society

135th meeting, Boston, Mass., April

5-10, 1959.

American Inst. of Mining, Metallurgical,

and Petroleum Engineers

National open hearth steel furnace,

coke oven and raw materiais conference.

St. Louis, Mo., April 6-8, 1959.

International symposium on the phy-
sical chemistry of processed metallurgy,

Pittsburgh, Pa., April 27-30, 1959.

American Society of Tool Engineers

27th annual meeting, Milwaukee, Wis.,

April 18-22, 1959.

National Research Councíl, Canada

Muskeg research conference 5th an-

nual meeting, Winnipeg, Man., March
4, 1959.

Institute of Radio Engineers

National convention, New York, Marcli

23-26, 1959.

Western joint computer conference

(jointly with A.I.E.E.), San Francisco,

March 2-6; Los Angeles, May 1959.

Joint conference on automatic techni-

ques (jointlv with A.I.E.E. and A.S.M.E.),

Chicago, May 11-13, 1959.

American Society of Mechanical
Engineers

Instruments and regulators divísion,

Cleveland, Ohio, March 29 to April 2.

Gas turbine power conference and ex-

hibit, Cincinnati, Ohio, March 8-11,

1959.

Aviation conference, Los Angeles,

March 8-12.

Hydraulics conference, Ann Arbor,

Mich., April 13-15, 1959.

Oil and gas power conference and
exhibit, Houston, Texas April 19-23,

1959.

Management Engineering Conference
(jointly with tlie Society for the Advance-
ment of Management), New York, April

23-24, 1959.

Metals engineering conference, Albany,
N.Y., April 29 to May 3, 1959.

Maintenance and plant engineering

conference, Chicago, May 4-5, 1959.

Joint conference on automatic techni-

ques (jointly with I.R.E. and A.I.E.E.),

Chicago, May 11-13, 1959.

Design engineering conference, Phila-

delphia, May 25-28, 1959.

Semi-annual meeting. St. Louis, Mo.,

June 14-18, 1959.

Applied Mechanics Conference, Blacks-

burg, Va., June 18-20, 1959.

American Welding Society

Spring meeting and welding show.
Chicago, 111., April 6-10. 1959.

The annual general meeting and an-

nual dinner of tlie R.C.E.M.E. Corps As-

sociation was held at tlie R.C.E.M.E.
School at Barriefield, Ontário, on Satm-
day, October 25, 1958.

Col. R. A. Campbell, OBE Director.

Corps of Electrical and Mechanical Engi-

neers, spoke to tíie meeting.

The following officers were elected as

the 1958-1959 executive of tíie Associa-

tion: president, Lt.-Col. E. D. Gray-
Donald, M.E.I.C., Montreal; first vice-

president. Major D. C. Ferguson, To-

ronto; Hon. Sec.-Treasurer, Lt.-Col. Le-

Sueur Brodie, ED, Toronto. The imme-

Intemational Union for the

Study of Electrothermics

Fourtíi International congress, Stresa,

Italy, May 1959.

Building Research Institute

Eighth annual meeting. Pittsburgh.

April 6-8, 1959.

The Societ> of Naval Architects

and Marine Engineers

The society is receiving nominations

for the four scholarships for graduate

stud>- which it has been offering each

year.

The applications should be filed with

the Secretarj- of the Societ>- at 74 Trin-

it\ Place. New York, 6, before February

L' 1959.

Canadian Electrical .\ssociation

Eastern Zone Meetings. Quebec, Que.

Janu.ir> 26-29. 1959.

diate past president is Lt.-Col. ]. K.

Bradford, OBE, Toronto.

The annual dinner was attcnded b\

approximately 150 members including the

following guests:—Gen. the Honourable
A. G. L. McNaughton. P.C.. C.H.. C.B..

C.M.G., Hon. M.E.I.C.; Brig. F. J.

Fleun,', C.B.E., E.D.. Vice Q.M.G.; Major

C. K. Johnston; Major \\". Horan. C.D.;

Tlie Pa>- Corps As.sociation; The Royai

Canadian Engineers .\ssociation.

The guest speaker was I. \. \facKay,

manager of engineering. Ci\ ihan .\tomic

Power Department. Canadian General
Electric Compan\-, Peterborough.

At the annual meeting of the R.C.E.M.E. Corps .\ssociation: left to right, Lt. Col.

J. K. Bradford, past president, I. N. MacKay, guest speaker, Lt. Col. E. D. Gra>-
Donald, president, Gen. The Hon. \. G. L. McNaughton, and Lt. Col. .\. G. Edward.

R. C. E. M. E. Corps Association
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whafs specíal

about a

Canada Iron

DOIUIITE
castíng?

What will it do for you? Will it

save money? Will it reliably meet
specifications? Will it possess longer

life? The answer is "yes" to ali

three. Because Domite is superior

cast iron. Domite is laboratory con-

troUed to meet the need with the

properties you require.

Canada Iron is Canada's oldest

foundry organization. They
have the experience, the labora-
tories and the metallurgists.

Get themost for your casting

dollar . . . Cali Canada Iron,

their representativo will

give you fuU details.

Canada Iron manufactures

ali grades and types of cast

iron, for convenience classified

as follows and complying

fully with A.S.T.M. A48 where
applicable. Here are some
typical examples:

DOMITE "30":

Better than average cast iron.

Minimum tensile strength 30,000 psi.
Typical Brinell hardness 200.

DOMITE "40":

High strength, médium cross-section.
Minimum tensile strength 40,000 psi.

Typical Brinell hardness 235.

DOMITE "50":

High strength, heavy cross-section.
Minimum tensile strength 50,000 psi.

Typical Brinell hardness 260.

DOMITE WEAR RESISTING:

Type WR— A, B, C and D
(type depending on service involved).

DOMITE HEAT RESISTING:

Type HR— A, B, C and S
(type depending on service involved).

NI-HARO:
Alloyed white iron, Brinell 550-650

NI-RESIST:

High nickel alloy cast irons for corrosion
and heat resistance. Tensile strength
25,000 to 30,000 psi, Brinell 130-180.

DUCTILE NI-RESIST:

Composition and properties as for Ni-
Resist, but with 60,000 psi tensile
strength and 10% elongation, strong and
shock resistant.

NODULOY, DUCTILE IRON:

Nodular or ductile cast iron in a com-
plete range of properties, from 60,000 psi
tensile and 20% elongation at 160 Brinell
to 180,000 psi tensile at 330 Brinell.
Available also in special heat resistant
grades.

MEMBER

CANADA IRON F O U N D R ! E S, LIMITED
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LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY» REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prepared by the Líbrary, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Líbrary in New
York.

"heat exchangers:
applications to gas turbines

Emphasizes design of heat transfer units

in connection with gas turbines, so as to

obtain an economical unit for various

applications. The design of recuperative

heat exchangers, regenerators, and air

preheaters is presented along with related

aspects as test arrangements, stresses and
materiais, cost, and the question of

weight in aireraft units. (W. Hryniszak.

Toronto, Butterworth, 1958. 343p.,

$10.00.)

*THE IMPACT OF HIGH
TEMPERATURE TECHNOLOGY
Studies the present status of high tem-

perature technology, and attempts to in-

dicate possible future developnients.

Areas covered are nuclear power, propul-

sion, component equipment, aireraft and
missiles, electronics, temperatura meas-
urements, high temperature process de-

velopments, and materiais. A report

wrítten by graduate students under the

guidance of the Harvard Business School

Faculty. (V. P. Kovicik and others. Cleve-

land Heíghts, High Temperature As-

sociates, 1958. 272p., paper $8.00.)

"bUILDINGS for RESEARCH

Discusses the requirements of good lab-

oratory design and provides information

on such factors as safety measures, waste
removal, corrosion prevention, vents and
chains, and modular units. This is fol-

lowed by descriptions of research build-

ings in the fields of nucleonics, biology,

electronics, and chemistry. A special sec-

tion deals with atomic processes and
equipment as they affect the design of

the laboratory. A collection of articles

published in Architectural Record since

1950. (New York, Dodge, 1958. 224p.,

$9.50.

)

'electbic machinery
A coordinated presentation covering

transformers as well as both direct and
alternating machines. Topics covered are

types of windings, voltage relations, mag-
netic-field relations, energy losses, energy
flow, efficiency, ratings, and basic torque

relations. These principies are then ap-
plied to a detailed analysis of the per-

formance of different types of machines.

(C. C. Carr. New York, Wiley, 1958.

537p., $9.25.)

"biological treatment of sewage
AND industrial WASTES VOL. II:

anaerobic digestion and SOLIDS-

liquid separation

Papers dealing with current practices in

bhe field of waste treatment. Part ene
is concerned with anaerobic digestion

while part two discusses the separation

of solids from waste water by sedimenta-

tion and flotation. Part three discusses

elutriation, chemical conditioning, and
vacuum filtration. The volume is made up
oi papers presented at tlie Conference on
Anaerobic Digestion and Solids Handling,

New York 1957. (Ed. by J. McCabe
and W. W. Eckenfelder, Jr. New York,

Reinhold, 1958. 330p., $11.50.)

"a HISTORY of TECHNOLOGY VOL. IV:
THE INDUSTRIAL REVOLUTION

A detailed account of tlie rise of mod-
em industrialism. Si.\ aspects are dis-

cussed: priniary production; fornis of

energy: manufacture; static engineering;

Communications; scientific basis of tech-

nology. The volume is superbly printed

and illustrated. (Ed. by Charles Singer

and others. Toronto, Oxford Universitv

Press, 1958. 728p., $25.00.)

ELEMENT.\RY STATISTICAL PHYSICS

A fundamental treatment of statistical

mechanics, intended for physics students,

and also including stochastic processes

and transport theory. The Gibbs method
of ensembles is used, and the various

applications of statistical ph>-sics co\ered

are kinetic methods, the principies of de-

tailed balance, the Boltzmann transport

equation, thermal noise, and themio-

dynamics of irreversible processes and
fluctuations. Xegative temperature, mag-
netic energ\-. densit>- matri.\ methods and
the Kramers-Kronig causalit>- relations

are also included. Problems and worked
examples are used to illustrate the text.

(C. Kittel. New York, Wúev. 1958.

228p., $8.00.)

THEORY OF ELECTHICAL MACHINES

A text for final year electrical engine<T-

ing students. treating the subject in a

fairly general manner. The topics covered

include electromotixe force, windings.

effects of load current in amiature wind-

ings, transformers, svTichronous machines,

induction machines, a.c. commutator ma-
chines and d.c. machines. Purely design

problems have not been discussed, but
design fimdamentals are covered in an

appendix. ( W. S. Wood. Toronto. Butter-

worth, 1958. 317p., $10.00.)

STORIES OF MEN AND MACHINES

A beautifully prodiiced picture storx of

Czech industry published for the 1958

Brussels Exhibition. The photographs are

cxcelient. and the accompan\Tng text con-

tains some ch;uming anecdotes in Eng-
lish, bv Ludvik Askenaz\- and other

authors.' (Prague, SNTL, 1958.)

"the PRINCIPLES AND PRACTICE OF
SURVEYING. VOLUME 1: ELEMENTARY
SURVEYING. 9tH ED.

Various revisions ha\e been made
throughout tliis new edition including

sources of maps and sur\"e>ing infomia-

tion; European-t>-pe transits and leveis;

stadia theon.-; astronomical data and il-

lustrative problems; circular curvos; mine
surveying; aerial surve>ing and photo-

gi-anunetr\'. (C. B. Breed and G. L.

Hosmer. New York, Wilev. 1958. 7I7p..

$6.50.)

ENGINEERING SYSTEMS ANALYSIS

Intended as a text for undergraduates.

the purpose of this \-olume is to show

THE ENGINEERING INSTITUTE LIBRARY

The publications mentioned in these Notes are now availahlc in the Libranj.

Members of the Institute matj borww books, periodicah, pamphlets. etc. from
the Líbrary. The loan period is two weeks, excJuding time in transit. and
two items may be borrotved at one time. Library hotirs are: Monday to

Friday: 9 a.m.—5 p.m.; Sattirday: 9 a.m.—12 noon.

Because of a recent change /n policy, publications (except periodicah

published by other engineering societies) may no longcr bc purchascd throtigh

the Library. If members have difficulty obtaining material locally. it is stig-

gested they write to the Library, and the enqtiiry ivill be forwarded to an
appropriate bookseller. For ftirther information write to the Librarian.
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• LIBRARY NOTES

that methods and techniques of analysis

used in one branch of engineering may
actually be generalized methods whicli

can be used to solve problems in any

field of engineering.

The author commences with a defíni-

tion and interpretation of engineering

analogies. Other chapters cover mechani-
cal vibrations; oscillations in electrical

networks; dynainical systems and their

characteristics; methods of solution for

analogous systems and mixed systems;

dimensional analysis and applications;

principies of feedback and control; ana-

log and digital computing machines.

Problems and references for further

reading are also included. (R. L. Suth-

erland. Reading, Addison-Wesley, 1958.

223p., $7.50.)

°CREATIVENESS FOR ENGINEERS

Consists of two parts, the first of which
discusses a philosophy to stimulate cre-

ativeness and to motivate the potentially

creative person. The second part deals

with a creative approach aimed at pro-

ducing more effective reaction between
the individual and his effort. Appendices
provide means for practical application of

these principies. A second edition of this

book is now available. (D. S. Pearson.

University Park, Pa., Pennsylvania State

University, The Author, 1958. 122p.,
S.3.75.

)

SCIENCE STUDENTS GUroE TO THE
GERMAN LANGUAGE

A grammar book for the use of science

students studying German, based on the

author's own teaching methods. Particu-

lar attention has been paid to special

difficulties such as sentence structure and
the participial phrase. The examples in

the grammar and the passages for read-

ing are taken from scientific writings,

mainly in the fields of chemistry and
physics, although passages from other

fields are included. In addition to the

basic grammar, the book contains many
pointers useful for those leaming to read

German scientific texts. (A. F. Cunning-
ham. Toronto, Oxford University Press,

1958. 186p., $2.00.)

THE PIUNCJPLES (JF SCIENCE

William Stanley Jevons played an im-

portant role in the development of mod-
em symbolic logic. He pioneered in the

construction of calculating machines,

actually building a workable machine for

the solving of logical problems; he used

statistical data for studying economic
trends; and initiated a new period in

English economic theory with his con-

tributions to the mathematical theory of

economic utility, ali this before his death

in 1882. This is a reprint of the second
edition of his book, his chief work on
logic, and is a classic of logic and the

scientific niethod. His logic is a simpli-

fication and correction of that of Boole.

(W. S. Jevons. N.Y., Dover, 1958, 786p.,

$2.98.

)

TECHNICAL BULLETINS AND PAMPHLETS RECEIVED

Atomic energy

Britain uses atoms, London, Central Of-
fice of Information, 1958.
Selected readings on atomic energy.

Washington, U.S. Atomic Energy Commis-
sion, 1958. 25 cents.

Canada. Minerais

Canada; map of principal mineral áreas.
Canada, Dept. of Mines and Technical
Surveys, 1958. (Mines resources division
and geological survey of Canada). 25 cents.
Iron ore and other raw-material sources

for a primary iron and steel industry in
Western Canada, by T. H. Janes. Canada,
Dept. of Mines and Technical Surveys,
Mineral resources division, 1958. (Mineral

information bulletin MR 28). 25 cents.
MiUing plants in Canada; metallic ores.

Canada, Dept. of Mines and Technical
Surveys, Mineral Resources Division,
1958.

City planning

Human considerations in urban develop-
ment. Ottawa, Central Mortgage and Hous-
ing, 1958.

Concrete testing

Danish National Institute of Building Re-
search, Committee on alkali reactions in
concrete. Progress report: M 1: Prepara-
tion of samples for microscopic investiga-
tion, by Ervin Poulsen.

CHEMICAL ENGINEERING

PRACTICE
Edited by Herbert W. Cremar and Trefor Davies

A comprehensive work, in twelve volumes plus Índex, on
Chemical Engineering as an integrated whole. Published
to serve as a link between Physics, Chemistry and Engi-

neering, to the better use of those sciences in process

industries.

Published:

1. GENERAL
2. SOLID STATE
3. SOLID SYSTEMS
4. FLUID STATE
5. FLUID SYSTEMS I

6. FLUID SYSTEMS 11

Forf/icoming;

7. HEAT TRANSFER
8. CHEMICAL KINETICS
9. DESIGN AND CONSTRUCTION

10. ANCILLARY SERVICES
n. WORKS DESIGN, ETC.

12. RESEARCH AND DEVELOPMENT

Delivered pr/ce.-

$17.50 per individuai volume
$14.00 per volume when ordered as set.

Full details available from:

BUnERWORTH & CO. (CANADA) LIMITED
1367 DANFORTH AVENUE, TORONTO 6, ONT.

FOR FASTENING

INTO CONCRETE

AND STEEL . . .

SPEEDS
1

1

INCREASES
WORK ...

j

PROFITS...
Fíres up to 6 | 1 Makes possíble

fosteners per i 1
lower competitive

minute! |

1

1 estimotes
1

SLASHES 1j WIDELY
COSTS ... f1 USED...
Combined cost of ;x

1
RAMSET has field

fastener & cart-
| 1

engineers in ali

ridge from 1 1c up ! 1 industrial centres

Approved by Underwriters' Loboratorles of Canada and other

authoritles.

RAMSET FASTENERS LTD.
n-15 LAPLANTE AVE. TORONTO, ONT.

kamset Fasleners are Made in Canada Since 1949
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'specify ;

moRRison
GAUGES

for Complete Dependability

Precision engineered Morrison Gauges give long, trouble-free

service under the most rugged operating conditions.

Individually calibrated to ensure pin-point accuracy, they

are completely protected from dust, vapour and moisture by
durable bronze, iron or phenol plastic cases. Diais are

distinctiy numbered for quick, easy reading. Morrison Gauges
are made of the finest components and assembled by the

most modern manufacturing methods. Whatever your gauge
requirement, be it for water, steam, gas, oil, ammonia,
gasoline or hydraulic; for high or low pressure operation,

you will be sure of complete dependability when you
install a Morrison Gauge.

MORRISON'S policy is to give the ultimate in customer service.

To accomplish this, jobbers are carrying adequate inventories

of our various products in ali large centres throughout the

Dominion. To support our jobbers we have stocks of finished

parts and completed items in our main warehouse and
factory at 276 King Street West, Toronto. AH MORRISON
products are packaged for easy Identification.

You will find Canada's largest selection of Bourdon type Pressure,

Vocuum, Altitude and Compound Gauges at Morrison Bross distributors,

located in ali major centres from coast to coast.

Catalogue Available on Request

Distributors across Canada

• LIBRARY NOTES

Electrical engineering

Symposium on the provision of adequate
electrical Installatlons in buildings. Lon-
don. Institution of Electrical Engineers,
1958.

Electrical Research Association: Techni-
cal reports: F/T 187 — The calculation of
continuous current ratings and rating
factors for transmission and distribution
cables, by H. Goldenberg. L T360 — The
DOlymerization of organic compounds by
ionizing radiation, by C. E. King. L T 364—The effects of small discharges on some
insulating materiais. II at atmospheric and
reduced pressures. by N. Parkman. N T
77—An investigation into the causes of
excessive iron lesses in electrical mach-
ines, by D. A. Jones. N T 78—An electrical
analogue of magnetic domains. by P. F.
Davis. V/T 132—Data required for the
solution of power system problems.

Fuel

Fuel and power industries in the United
Kingdom. London. U.K.I.S.. 1958.

Great Britain

Britain; an official handbook. London.
Central Office of Information, 1958.

Illuminating engineering

Recommended leveis of illuminatíon. iRe-
printed from Illuminating Engineering.
Aug., 1958.)

Industrial relations

Manpower problems in economic develop-
ment; a selected bibliography. prepared
by K. Simpson and H. C. Benjamin.
Princeton. Princeton Universitv, Industrial
Relations Section. 1958. S2.00.

Pemiafrosl

A subsurface organic layer associated with
permafrost in the Western Arctic. by J. R.
Mackay. Canada, Dept. of Mines and
Technical Sur\'eys, Geographical Branch,
1958. (Geographical paper no. 18) 50 cents.

Radio engineering

Selected abstracts from the Journal of the
Britísh Institution of Radio Engineers.
1946-1958. London, The Institution. 1958.

3s. 6d.

St. Lawrence River

Gulf of St, Lawrence ice survev. winter
1958, by W. A. Black. Canada. Dept. of
Mines and Technical Surveys. Geographi-
cal Branch. 1958. (Geographical paper no.
19) 75 cents.
Improved winter navigation in the lower

St. Lawrence River and Gulf region, pre-
sented by The Lower St. Lawrence and
Gulf Development Association and pre-
pared by H. Massue. Montreal, 1958.

UNESCO
Inaugural handbook of The Canadian Na-
tional Commission for UNESCO. Ottawa.
1958.

V-Belts

Dodge V-Belt drives. Toronto. United
Steel Corporation Ltd., Dodge Manufac-
turing Division, 1958.

ST.WDARDS RECEIVED

Canadian standards. Canadian Sf<J»i-

dardu Association. 235 Montreal Rd.,

Ottatca 2.

B53-1958: Code for Identification of piping
svstems. 2d ed. 75 cents.
C 22.2 No. 31-1958: Construction and

test of switcligear assemblies. $1.00.
C22.3 No. 4-1958: Electrochemical corro-

sion of underground metallic structures.
$1.50.

Canadian Vndcrwrilcrs' .\ssociation

standard.<:. Canadian Vndenrrifcrs' .A,»-

.wciation, 4S0 St. John St.. Montreal.
No. 58: Standard for the stora.ee and hand-
ling of liquefied petroleum gases.

"QUALITY VALVES 5INCE 1864"

moRRison BRflss :r.
276 KING ST. W., TORONTO, ONT.
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at C.S.F.

And rightly so, for magnitude of

opera tion, the most modern equip-

ment and the knowledge and skill of

1,500 highly trained personnel make

'"plus" benefits a part of every job

xve undertake.

Additional

advantages, too,
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C.S.F. Sales Euglrieers in the initial
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MEET THE AUTHORS

J. A. Thomas, m.lm.c, Chief Engineer,

civil division, The Shawinigan Engineer-

ing Company Limited, Montreal. (Engi-

neering Features of the Becchwood De-
iclopment).

Mr. Thomas graduated witli a B.A.

.md a B.Sc. degree in 193G and 1942
respectively, from Queen's University,

Kingston, Ont.

He joined the Shawinigan Engineering

Company in 1948 as hydraulic engine?r,

having had previous experience in the design of hydro-

electric projeets. In 1956 he was appointed chief engineer,

civil division.

He is a member of the American Society of Mechanical
Engineers, the Canadian Standards Association and the Inter-

national Electro-Technical Commission.

R. E. Grout, M.E.I.C., Chief Engineer,

eléctrica! division, Tlie Shawinigan
Engineering Company Limited, Mont-
real. (Engineering Fentures of tlie

Beccluvood Development).

Mr. Grout received his engineering

I ducation at the University of Alberta

B.Sc, electrical, 19.36).

He joined the Shawinigan Enginetring

Company in 1937 and has been en-

gaged on the design of large hydro-

electric generating stations and major transformer and switch-

ing stations. He was appointí d chief engineer, electrical divi-

sion in 19.56.

He is a member of the American Institute of Electrical

Engineers, and the Canadian Electrical Association.

W. S. Mcllquham, m.ií.i.c, Hydraulic

Engineer, Dominion Engineering Works
Limited, Lachine, Que. (Becchtcooíl

Kaplan Turbines—Htfdraulic and Mech-
anical Features).

Mr. Mjllquham holds an engineering

degree from Queen's University (B.Sc,

civil, 1923). After eightetn months of

experience with the Bell Teiephone
Company of Canada, he joined Dominion
Engineering Works Ltd., as hydraulics

and design engineer. From 1942 to 1946 he served the Cana-
dian army R.C.O.C. and R.C.E.M.E., and retired as a major.

Upon his release from the army he retnrned to the hy-
draulic department of Dominion Engineering Works.

L. M. Boyd, m.e.i.c, Chief Engineer, hydraulic division,

Dominion Engineering Works Limited, Lachine, Que. (Beech-
wood Kaphin Turl)ines-Hydrauhc and Meclianical Features).

Mr. Boyd graduated from Queen's University with a B.Sc.

degree in mechanical engineering in 1934, and immediately

joined the hydraulic division of Dominion Engineering Works

Ltd., as design engineer. In 1940 he

W-is transferred to the Longueuil division

of the company as production engineer,

responsible for the naval gun-mount pro-

duction. In 1945 he retnrned to the

head-office to organize a company-widc
program of standardization. He was
transferred back to the hydraidic division

in 1947 as mechanical and production

engineer. In 1952 lie was appointed to

liis present position.

K. D. Sheldrick, Sales Manager, district

operations, Bailey Mtter Co. Ltd., Mont-
real. (Methods and Trends in Automatic
Condnistion Control).

.\Ir. Sheldrick graduated in arts from

the University of New Brunswick in 1927.

After two years with the Nashwaak Pulp

and Paper Co. Ltd., he attended an

industrial course in instrunientation and
co]iibustion engineering for a one year

period. From 1930 to 1941 he was en-

gaged in saies and service engineering with the Bailey Meter
Co. Ltd. in eastern Canada. In 1942 he joined the Canadian
Army R.C.E.M.E., retiring with the rank of lieutinant colonel,

eommanding officer of the 3rd Technical Reginient, R.C.E.-

M.E. (Miiitia) in 1946. He retnrned to the Bailey Meter Co.,

and held the post of manager for the firm's Montreal district

office from 1947 to 1957. In 1958 he was promoted to his

present position. He is a member of the Council of the

R.C.E.M.E. Corps Association and chainnan of the Corps
History Committee.

J. R. Houghton, m.e.i.c, As.sistant Works
Manager, coniniunications equipment
cli\ ision, Northern Electric Company
Limited, Montreal. (Tlie Role of the

Technical .\ssistant in hidu.stry).

Mr. Houghton is an engineering grad-

uate from McGill Univtrsity (B.Eng.,

mechanical, 1937). Upon graduation he

joined Northern Electric Co. Ltd.

as a teiephone engineer. He subsequently

occupied various supervisory positions

liading to his appointment in 1951 as superintendent of

manufacturing engineering in the Communications equipment
division. He was nanied engineer of manufacture in 1956. He
is on the Board of Examiners of the C.P.E.Q., and chainnan of

the Prof . s.sional Technicians' Committee of the C.P.E.Q. He
is also a member of the Canadian Standards .Association and
tlic Institute of .^(hninistration.

We are indebted to the following for their contributions to the article Fifly Years in Aeronautical Engineering: H. C.

Luttman, Secretary, Canadian Aeronautical Institute; R. D. Richmond, m.e-i.c, Chief Engineer, Special Weapons,
Canadair Limited; F. R. Thurston, Acting Director, National .\eronautical Establishment: F. H. Keast, Chief Engi-
neer, Orenda Engines Ltd.; Air Xice Marshal M. M. Hendrick, Chairman, Canadian Joint Staff, Washington; R. B.

Mcintyre, Assistant Engineering Director. De Havilland .4ircraff of Canada Ltd.; W. H. Riggs. Vice-President,

Manufacturing, Avro Aircraft Ltd.
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CANADIAN GENERAL ELECTRIC

TO SUPPLY ONTÁRIO HYDRO

with Equipment for E.H.V.

Transmíssion Tests

Extra High Voltage power transmission over

long distance is relatively new and possesses

many unknown facets. To investigate fully its

possibilities and thus provide economical

transmission of power from remote generating

stations, Ontário Hydro has initiated EH\"
Project Coldwater. The Coldwater Ontário

Research Station, now in the planning stage,

will uncover such characteristics of EHV
transmission as corona losses, radio and TV
interference and the best choice in the bun-

dhng, spacing and size of conductors.

Canadian General Electric has been awarded

the contract to supply the transformers and

bushings for this project. This contribution

to an important research project is further

conclusive evidence of the success of C.G.E.'s

development-in-depth policy ... a policy of

continuous extensive research to help Canada's

economy expand and Canadian technolog\'

progress.

Power Transfonner Sales, Guelph, Ont.

GENERAL
ELECTRIC

Canadian General Electric designers confer on the

preliminary outline of the new G E transformers

for Coldwater. The three single phase, 1667 KVA
transformers wlll provide voltages in 2 5 KV steps

from 205 to 605 KV, phase to phase. Relatively

small, the tanks will tje only 10 feet in height but

the bushings will be 23 feet high and extend 18

feet above the tank cover.

POWER
TRANSFORMERS

Apparatus Department

CANADIAN GENERAL ELECTRIC COMPANY LIMITED
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FIFTY YEARS

OF

AERONAUTICAL ENGINEERING

A REVIEW OF CANADIAN PROGRESS

INTRODUCTION
by H. C. Luttman, Secretary,

Canadian Aeronautical Institute

ON THE 23rd February 1909 the

Silver Dart (Fig. 1), piloted by

J. A. D. McCurdy, took off from the

ice of Baddeck Bay in Nova Scotia and
made a short and successful flight.

The Silver Dart was built by the

Aerial Experiment Association which
was headed by Dr. Alexander Gra-
ham Bell; the other members of the

Association were Glenn H. Curtiss,

• • •

This review has been written for The
Engineering Journal by leaders in Cana-
dian aeronautical engineering to mark
the fiftieth anniversary of powered flight

in Canada. Progress is recorded in the
fields of: aerodynamics; structures and
materiais; propulsion; aviation elec-

tronics; ancillary services; and fabrica-

tion techniques.

Fig. 1 Above: The Silver Dart

an American engine expert, Lt. T. E.

Selfridge, a U.S. Army expert on

"aerodromics", and the two young
Canadian engíneers, J. A. D. McCnr-
dy and F. W. (Casey) Baldwin.

The history of "first flights" is

confused, partly because in the early

days the definition of a "flight" was
not clearly established—for example,

a flight might not be recognized if

it ended in a crash landing — and
partly because everybody seems to

have done their flying away from

home. The first flight in England is

credited to Col. S. F. Cody, who was
an American citizen at the time; the

first Englishman to fly was Henry
Farman, who flew in France and
whom everybody thought to be a

Frenchman; and the first flight by
a Canadian was made by Casey
Baldwin at Hammondsport, N.Y. on

the 12th March 1908. Despite the

confusion, there is little doubt that

the flight of J. A. D. McCurdy on

the 23rd February 1909 at Baddeck

was not only the first powered flight

by a heavier-than-air machine in

Canada but the first such flight made
by a British subject in the British

Empire.

The fiftieth anniversary of this his-

torie event is being obseived this

year and it is interesting to look back
at the progress in aeronautical engi-

neering which has taken place in the

meantime. From the Silver Dart,

with a span of 49 ft., a gross take-

off weight of some 750 Ib., and an

engine giving an intermittent 35
h.p., we have progressed to such air-

craft as those appearing in Figs. 2,

3, and 4. Figure 2 shows the Cana-
dair Argus maritime-reconnaissance

aircraft, the largest aiicraft ever built

in this country, with a gross take-off

weight of the order of 150.000 Ib.

Figure 3 shows the Avro Arrow
fighter, capable of exceeding Mach
2—twice the speed of sound; the

Arrow is powered by two Orenda
Iroquois turbo-jet engines, each giv-
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Fig. 2 Canadair Argus maritime-reconnaissance aircraft

ing more than 20,000 Ib. static

thnist. Figure 4 shows the De Hav-
illand Cariboii, a fairly large utility

transport with STOL (short take-off

and landing) characteristics. AU these

Canadian designed and built aiicraft

are outstanding in their respective

classes. Furthennore Canada has es-

tablished a complete and almost

self-siifficient industry to design and
build the fiill range of aeronautical

components and equipment.

Work has also been done in the

new field of rockets and guided mis-

siles but, with her relatively small

resources of manpower, this country

has made no effort to compete with

others in this respect. If Canadian en-

gineering achievements with manned
vehicles offer any indication, no
doubt the situation will be very dif-

ferent at the end of the next fifty

years.

Aeronautical engineering is pri-

marily mechanical engineering but it

embraces almost every branch of en-

gineering and touches almost every

science. The sections that follow cov-

er perhaps the major divisions of the

subject. Each has been written by a

specialist, who has endeavoured to

eram fifty years of eventful and ex-

citing development into the space

allotted to him; he was indeed asked

to get a quart into a pint pot.

AERODYNAMICS
hy R. D. Richmond, Chief Engineer,
Special Weapons, Canadair Limited

Reviewing the FIRST fifty years of

power flight in Canada from the time

of the Silver Dart to the present, re-

veals the magnitude of the develop-

ment that has taken place in the

aeronautical sciences and their ap-

plication. This growth is nowhere

more evident than in the field of

aerodynamics where research in the-

ory and in the laboratory has made
possible the rapid advances in per-

formance and control of aircraft and
missiles.

The earliest known Canadian re-

search in aerodynamics, or in aero-

nautics, was undertaken by W. R.

Turnbull. In 1902, seven years be-

fore the flight of the Silver Dart, he

constructed Canadas first wind tun-

nel at Rothesay, N.B. (Fig. 5), and
conducted tests on low-aspect ratio

wings which he called "aeroplanes".

Later from 1908 to 1911 Turnbull

published three papers presenting

his findings from theory and experi-

ment on "aerial propellers'". This

work led to his in\estigation of the

controllable pitch propeller on which

he obtained several patents. These

patents were subsequently licensed

to the Curtiss Aeroplane & Motor

Company, later to become the Cur-

tiss \\'right Corporation, who used

them to develop the Curtiss Electric

propeller. which is still currentlx- in

wide use.

In 1907 the "Aerial Experinient

Association" was foniied at Baddeck,

N.S. for the puipose of conducting

experiments in powered flight. The

sénior partner. Alexander Graham
Bell, had become interested in this

aspect of aeronautics through his ex-

periments with kites. His work had

attracted two >oung engineering

graduates of the University of To-

ronto, Frederick W. Case\ Baldwin.

and T- A. D. McCurdy, and two Am-
ericans whose names became well-

known in aviation, Glenn Curti.ss and

Lt. T. E. Selfridge of the U.S. ami\-.

The Association built a number of

aircraft, the Rcduing first flown b\-

Baldwin, the Whitcwiníi the first air-

craft in the w orld to use hinged con-

trollable w ing flaps (ailerons), the

Jimchtisi. the Cygnet IL and the Si7-

vcr Dart. Of these the Silver Dart

piloted b\ McCurdy was the first

airplane to be flown in Canada.

Ali the activity of this period.

howo\er, was not centred in the

East. By 1907 the Underwood Broth-

ers of Krugcrx ille, Alberta, weix' con-

ducting experiments and act\iall\-

Fíg. 3 The Avro Arrow fighter aircraft

Avro phnto
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De Havilland photo

Fig. 4 The De Havilland Caribou transport aircraft

built an aircraft which had the ap-

pearance of a flying saucer; it never

flew due to the lack of a suitable

engine. Also, in 1910 Wm. Gibson

near Victoria, B.C. built and success-

fuUy flew his Twin-Plane a con-

figuration that consisted of two main
planes in tandem.

From these early activities interest

in aerodynamics as a science devel-

oped. Although several universities

now have courses in aerodynamics,

the University of Toronto, through

the initiative of J. H. Parkin, was the

first to offer one in their curriculum

and to provide supporting experi-

mental facilities. In 1917 he had es-

tablished an aerodynamic research

laboratory and constructed a wind
tunnel having a working section of

4 ft. X 4 ft. with a velocity of 37

miles per hour. This was replaced in

1923 by a more efficient one having

a velocity of 60 miles per hour which
was used for many years in the in-

struction of students.

In 1949 this University formed

the Institute of Aerophysics to train

students and conduct research in the

basic physics of gases, applied aero-

dynamics and ballistics in the field

of supersonic flight. A supersonic

wind tunnel having a working sec-

tion of 16 ft. X 16 ft. for tests up to

a Mach number of 3 was constructed

for this purpose.

In 1929 the National Research

Council built a wind tunnel in Otta-

wa with a 9 ft. diameter open work-

ing section giving a velocity of 230
ft. per second. This tunnel was the

main aerodynamic facility available

to government and industry until

1942. In that year a 6 ft. x 10 ft.

closed working section tunnel having

a velocity of 350 ft. per second was
added and subsequently replaced the

9 ft. tunnel. It is now under the

jurisdiction of the National Aeronau-
tical Establishment and forms part

of an aerodynamic facility that pres-

ently includes a spinning tunnel, a

10 in. X 10 in., a 16 in. x 30 in.

supersonic tunnel (Fig. 6), and has

projected a 5 ft. trisonic tunnel with

operating Mach numbers from O to

4.5.

In 1951 the Canadian Armament
Research and Development Estab-

lishment, a laboratory of the Defence
Research Board, built an aeroballistic

range capable of firing free flight

models of missiles and aircraft up to

a Mach number of 5.0. A smaller

range capable of Mach 15 has since

been added and others of different

characteristics are planned. This fa-

cility, of great assistance in studying

dynamic parameters, is not only

unique in Canada but is one of few
in the world.

The facilities are of course only

the tools which have been used to

develop aerodynamic knowledge. The
application of this knowledge is man-
ifest in the aircraft which have been
designed or developed in this coun-

try.

The maximum speed versus time

for some Canadian built aircraft is

shown in Fig. 7. Although it is but

one critcrion, it is a good index of

aerodynamic progress. The decrease

in aerodynamic drag and the increase

in wing loading which was made
possible by the development of air-

foils and lift increasing devices to-

gether made the largest contribution

to this evolution.

This general summary narrates to

some degree the Canadian develop-

ment in the field of aerodynamics. It

is not a static science, and to forecast

the development for 50 years would
be at least as difficult now as it was
in 1909.

STRUCTURES AND
MATERIALS

F. R. Thurston, Acting Director,

National Aeronatitical Establishment

At the end of the first 50 years of

Canadian aviation, it has become a

cliché to assert that these years have

witnessed the greatest rate of scienti-

fic progress in hmnan histor)' and that

a substantial part of this progress has

been made in the aeronáutica! sci-

ences of which Structures and Mater-

ials is a conventional subdivision. It is

instructive, therefore, to remember
that theoretical tools were available to

the Aerial Experiment Association at

the turn of the century for the solu-

tion of the structural problems that

faced them and those who came after

them. The natural philosophers of

the 18th and 19th centuries had left

behind momentous works on static

structural stability, strength of ma-
teriais, theory of vibration and the-

ory of elasticity. These works, in-

deed, are to this day source refer-

ences, and sometimes more, for the

thousands of papers produced annu-

ally. In fact, the wealth of scientific

theory that was available in 1909 has

served as a placer mine for struc-

tures and materiais research and de-

velopment for 50 years and it is only

in the last decade or so that new
concepts and understandings have
appeared, and these relate more to

materiais than to structures.

The essential theme of structures

philosophy has always been and will

continue to be the creation of struc-

tures of minimum weight and it is

debatable whether the structures or

the materiais engineer has contri-

buted more creatively to this enter-

prise. The structures analyst has

tended to define his objective as the

precise calculation of stresses in pre-

conceived structures under knowm
conditions of applied loading, envir-

onment, and constraint, and has

added some sophistication by devel-

oping theoretical procedures for op-

timizing generic forms of design to

provide minimum sti"ucture weight.

In this, he has rather overlooked the

more fundamental approach to his

problem which lies in the determina-

tion of the least weight structure that

will equilibrate a given system of ap-

plied loads.

The materiais engineer has met,

and partially solved, quite different

problems. At the time the Silcer Dart

was built, the Hall process of pro-

ducing aluminum metal had been
known for 20 >ears, and duralumin
alloy was available by the time of

World War I. Since this time, sev-

eral aluminum alloys susceptible to
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heat treatment have been developed
and the course of structural develop-

ments has been most critically de-

pendent on these materiais. Many
generations of aircraft have relied al-

most conipletely on the tensile alu-

minum alloys for primary stiucture

and it is only recently in the more
advanced-performance aircraft that

parallel developments in high tensile

and stainless steel and magnesium
and titanium alloys are contributing

to the solution of minimum weight

or kinetic heating problems.

The theory of structural analysis

has kept reasonable paca with the

need for more refined analyses of

aircraft structures. Up to about 1940
it was customary to analyze by what
has come to be called Engineer's

Theory. The essence of this process

was to disregard the fact that the

aircraft was a continuous three-dim-

ensional elastic body and to make the

necessary arbitrary assumptions to

permit the analysis of the compo-
nents separately by elementary shear,

bending moment, and torsion equa-

tions. To this was added the devel-

opment of methods based on the

minimal principies and the principie

of virtual displacements and these

provided the analyst with powerful

tools for the solution of statically in-

determinate and structural stability

problems. With the advent of elec-

Fig. 6 High speed tunnels at the National
bility: Mach 4 (NAE Rep.; "Symposium on

-AEROPLANE

Fig. 5 Turnbuirs wind tunnel 1902. Tunnel air speed: 10 mph (based on informa-

tíon from Tumbull's report "Researches on the Fornis and Stabilitv of \eroplanes".

Phys. Rev. Vol. XXIV March 1907).

tronic digital computers it has be-

come possible to solve very large

matrices very rapidly, and as a re-

sult it has become preferable to for-

mulate two-dimensional problems in

a tractable and more rational form

and to solve them b\' numerical man-

ipulation.

Wliile these theoretical advances

have done much to sustain tlie an-

alytic art, some very great changes

have taken place in the complemen-

Aeronautícal Establishment. Tunnel capa-

High Speed Aerodynamies," Fig. 1. p. 68.

ELECTRIC MOTDR

-\I1CUUM FWS

tary field of structure testing. Both

the precision and complexitj' of

modem structure tests stem largely

from developments in the instrumen-

tation field which ha\e led to a truly

astonishing variety of transducers.

These transducers are used both in

flight testing to attest the accuracy

of the applied loading and in the

static structural testing in the labora-

tor\- to check the static strength and

the \'alidit>- of the assumptions of

the analylic theory. Here again, how-
e\'er, the most e.xtra\agant process

of load and stmcture verífication is

primarily a proof of the strength of

the structure and does Uttle to es-

tablish minimum weight design.

In recent >ears there has been a

change in the importance of criteria

from the concepts of structure static

strength to criteria of aeroelastic

stabilih' and fatigue strength, and

the change has involved a depend-

ence on theoretical flutter prediction

and flight flutter testing and expen-

sive empirical studies of the fatigue

resistance of structural components.

These additional design considera-

tions have added to the difficult>- of

designing for maxinium structural

efficienc>'.

The future of aircraft structure de-

sign is beset with new problems

which are additive to those still un-

solved. The kinetic heating problem

is as challenging to the materiais en-

gineer as it is to the structin-al de-

signer or anah st and, although some
experience has been gained in the

effects of programmed loading, the

superimposition of programmed heat-

ing introduces a oomplexitx which

will need gieat efforts to resoKe.

Perhaps the greate^st rewards are to

be found in the study of high tem-
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perature resistant non-metallic or

cermet type materiais and in the ap-

plication of high speed digital com-
puters to structural analysis and
weight control.

PROPULSION
bij F. H. Keast, Chief Engineer,

Orenda Engines Ltd.

Some words would be appropriate

with respect to the importance of

aircraft propulsion in the affairs of

the country. In ali the branches of

engineering there is probably none
that approaches the aeronautical

field in the necessity for the engi-

neer to work so close to the bone. As
weight is all-important there is no

room here for large safety factors to

cover ignorance. At the same time

reliability is literally a life or death
matter and the inspection methods
applied must be of the highest qual-

ity. This means that knowledge must
be precise on the part of the engi-

neer with the minimum of "fluff fac-

tors" to cover ignorance. In fact, the

aircraft industry, more than any
other, can be taken as an index of

the technological progress of a na-

tion. At the bottom of the scale we
have nations that consist of hewers
of wood and drawers of water, and
at the top end of the scale we have
the precision engineering required of

a country capable of designing air-

craft.

How has Canada fared during the

past fifty years?

In the early days of Canadian avia-

tion, the name of W. R. Turnbull

Fig. 7 Increase in maximum speed of Canadian built aircraft
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stands out and it was he who first

imported, in 1906, an aircraft engine

into Canada. This was a two cylin-

der "Duryea" engine (Fig. 8). This

was actually for the purpose of driv-

ing airscrews to propel a hydroplane

boat. The second step of providing

the vehicle with wings was never

achieved. The engine managed to

destroy the propellers. This engine is

now at N.R.C., Ottawa. It should

also be mentioned that Turnbull did

a good deal of important pioneer

work on propellers and in fact in-

vented the variable-pitch propeller.

Another imported engine was the

Curtiss engine (Fig. 9) of the Silver

Dart, that made the first powered
flight in Canada in February 1909.

However, in the space available it

is necessary to confine ourselves to

engines designed and built in this

country.

We will skip quickly over the ac-

tivities of the Underwood brothers,

who drove model aircraft with elastic

bands and vveights on a drum which
rotated the propellers, and also the

initial efforts of W. W. Gibson, who
in 1903 to 1904 used a window-
blind spring in order to drive the

propeller for his models. But Gibson,

having bought a goldmine for $100

plus some chattels, managed to dis-

pose of the mine for $10,000. This

gave him the opportunity of con-

tinuing with an aero-engine of his

own design which he had started a

year or so earlier. In 1908, the 4-

cylinder, 6-inch stroke engine was
running, but was found to be of httle

use because of the high vibration.

Even so, the completion of this en-

gine was quite an achievement, since

it was almost entirely handmade, a

fact which was possible because of

Gibson's earlier training as a black-

smith. His next engine was a 6-cyl-

inder air-cooled motor and was ar-

ranged to drive two propellers, one

in fiont of and the other behind the

engine, in order to overcome torque

reaction. Both propellers were 6 ft. in

diameter and two-bladed. The front

one rotated at engine speed and the

rear one was geared to rotate at twice

the engine speed in the opposite di-

rection. It was completed in 1910

and ran extremely smoothly, devel-

oping 60 h.p. with a weight of 210
Ib. The engine was installed in Gib-

son's Ttcin-PIane and had gravit>

feed from two fuel tanks, one on

either side of the engine and well

above. The aircraft made a short but

successful flight on 8 September.

1910. Sixteen days later, it made a

flight of 200 ft. wliich unfortunateh

ended in disaster, the machine suf-
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fcring serious damage. The same en-
gine was used for the Gibson Multi-

Plane, vvhich flew about a mile be-
foie landing ou lough ground and
suffcring damage wliich forced Gib-
son to retiie from aeronautics.

Canada was not involved signifi-

cantly in the design and manufac-
ture of aero-engines until 1943, when
it was decided to look into the jet

engine business and a Government
technical mission was sent to the
United Kingdom. In 1944, the Na-
tional Research Council set up a cold

weather test station at Winnipeg to

test British jet engines. In the same
year a Crown Company, Turbo Re-
search, was formed and it was here
that prehminary studies were made
which led to the concept of the TR
4 (Chinook). The Chinook was an en-

gine designed and built by the Gas
Turbine Division of A. V. Roe Can-
ada Limited which was formed in

1946 and later became known as

Orenda Engines Ltd. It had a 9-stage

axial compressor and single stage

turbine with a specification thrust of

2690 Ib. However the requirement
for the engine changed before the

engine was built. The TR 5 (Oren-
da) was ordered to give a thrust of

5500 Ib. and the possibility of up-
rating to 6500 Ib. At this time, great

doubts existed in official circles of

the ability of Canadians to produce

such an engine. The competitors, in

the U.K., were the Rolls-Royce Avoii

with 6500 Ib. and the Armstrong
Siddeley Sapphire with a similar

rating. It was decided to proceed
with the manufacture of the first

three Chinooks, which really amount-
ed to two engines plus one set of

spares, in order to give the Cana-
dian team an opportunity of testing

an engine earlier than they could

have if the Chinook order had been
cancelled.

The Chinook design was really

conservative; it had to be in order

to provide an engine which would
run and meet the specification, since

the whole future of the Canadian
aircraft industry hung on its fate. As
a result of this, the Chinook pro-

duced a thrust of over 3000 Ib., as

against the 2690 Ib. specification,

and gave a promise of thrusts up to

3400 Ib. As affairs in Canada
seemed to work from one fiscal year

to another, it was fortunate that the

Chinook made its fúst run on 17

March, 1948. This ensured, for at

least one year, the continuation of

the engine industry in Canada.

Less than a year later, on 10 Feb-
ruary, 1949, the Orenda engine was
first started on the bed. The engine

exceeded its specification of 5500 Ib.

thrust very earl\- in the development
program and, in 1952, a factory spe-

cially built to produce the Orenda
went into operation. The first pro-

duction engines produced a thrust of

about 6300 Ib. This engine was
known as the Orenda 2. The main
defect in the Orenda 2 was rather

sluggish handling, acceleration from

idling to take-off being of the order

of 18 seconds. After the first hun-

dred engines, improvements were

made to the compressor, which re-

sulted in quite acceptable handhng
characteristics; this engine was known
as the Orenda 8. Following this carne

the Orenda 9, which differed from

the 8 mainly in its plumbing. allow-

ing the engine to be used either as

a starboard or port engine for the

Avro CFIOO. {Orenda S had been

handed engines.) In addition to the

Orenda 2, 8. and 9. the Orenda 10

went into production in December
1952 to power the Canadair-built

F86, later to be known as the Sabre

V. This again differed from the 8"s

and 9's onl\- in detail. ha\'ing an air-

craft-mounted rather than an engine-

mounted oil tank and a bleed in

order to provide an ejector action

for scavenging the aircraft fuselage.

These early Orenda engines incor-

porated a single-stage turbine, which

\\ as heavily overloaded for the pres-

sure ratio of the compressor. For

some time it had been recognized

that a 2-stage turbine was necessar\-

in order to allow the Orenda to pro-

duce its full potential and, in March
1954, a 2-stage turbine was intro-

duced giving rise to the Orenda 11

and 14 engines to power the CFIOO
and F86 respectively. Considerable

compressor impro\ement had been

developed on rig test during this

period but its introduction awaited

the 2-stage turbine. The net result

of the 2-stage turbine and the com-

pressor improvements was an engine

which had a minimum guarantee of

7275 Ib. thrust and a specific fuel

consumption 15% lower than the

single-stage turbine engines. At the

same time, the weight was decreased

from 2640 to 2360 Ib. and fabrica-

tion methods were used for the tur-

bine stationary parts as against the

older method of casting.

Fmther engineering studies indi-

cated that considerabK more power

could be produced from the Orenda

engine. How ex er no approxal to put

these measures into production was
received on the groimds that, firstl\\

the F86 intake duct w as limiting on

mass flow, and, secondlx, tlie CFIOO
was limited in altitude b\ buffet and

not by power. Subsequont improve-

ments in the CFIOO remo\ed the

buffet cciliug completoK and the air-

Fig. 8 The Duryea engine

NRC photo

38 THE ENGINEERING JOURNAL—FEBRUARY. 1959



NRC photo

Fig. 9 The Curtiss engine originally installed in the Silver Dart

ciaft became power-limited rather

than buffet-limited. By this time,

it was too late to change the engine

policy and the potential 8500 Ib. trust

engine was therefore never under-

taken. The Orenda finished up in its

piesent form, producing an average

of about 7450 Ib. thrust. The number
of engines produced for the R.C.A.F.

was 3376 and for foreign countries

380 giving a total of 3756.

Some time in 1953, the Arrow con-

cept was accepted and this time, in

certain quarters of the Government,
there was an idea that engines could

be bought off-the-shelf. The aircraft

engine industry in Canada did not ac-

cept this idea and believed that an

engine could be produced which
w ould give more tlinist for less weight

than any off-the-shelf engine. In this

way, the Iroquois (Fig. 10) was born

and in September 1953 this engine

proceeded as a private venture. In

December 1954 this engine was on
the test bed and running. Govern-
ment support followed. The Iroquois

is an engine conceived to give 30%
more thrust than the best U.S. com-
petition for a considerably lower
w eight. The result is an engine which
can give the Arrow better range and
performance in any possible mission

than could any existing engine.

This is what Canada can do in

this age of precision engineering and
technology; though it was a late start-

er, it has quickly established itself

among the foremost of the world's

aero-engine producers.

AVIATION ELECTRONICS
hit Air Vice Marshal M. M. Hendrick,

RCAF, Chairman, Canadian Joint Staff,

Washington

It was not until shortly before

World War II that there was any sig-

nificant Canadian development in the

field of electronics or electrical eqiiip-

ment for aircraft. Prior to that time,

the RCAF had used World War I

British pattern radio equipment in

support of its photographic operations

in the Canadian north, while niost

commercial operators and oush pilots

had no radio whatever. In the late

1930's, the Department of Trmsport
commenced to build the Trans Can-
ada Airway, supported by low fre-

quency radio ranges. This equipment
however, came primarily from Amer-
ican factories. During the same per-

iod the RCAF used later pattern RAF
equipment for its Army cooperation

and fighter aircraft, but this equip-

ment did not differ very markedly in

design or sophistication from the late

World War I types, nor was it pos-

sible to get spare components or in-

dustrial suppoit in Canada.

The twin factors of obsolescent de-

sign and inability to depend on logis-

tic support led the RCAF to initiate

the Canadian design and fabrication

of a family of radio equipments

which marked the beginning of orig-

inal work of this type for Canadian

industry.

Fearing that the supply of crystals

in wartime would be criticai, equip-

ments were designed to have the

same frequency stability that crystals

would provide but to be tuneable

throughout the band. They were also

designed to be readily tuned by "rule

of thumb", with a minimum number
of knobs and to have a single meter

which, by switching, could monitor

the circuits in the equipment. The)'

were to be remotely controlled, to

provide the normal types of transmis-

sion (CW, modulated tone and tcle-

phony) and to incorporate dnection

finding. Ill addition, they were de-

signed for installation in aircraft and

therefore had to be extremely light

for their power and extremei)- nigged

in terms of ability to withstaiid vib-

lation, shock, temperature and alti-

tude clianges.

The first of these equipments were

called ATI and AR2 (Fig. 11), de-

signed and fabricated by the North-

ern Electric Company. They repre-

sented as radical a departure from
the previous equipments as the ali

metal monoplane did from the pre-

vious fabric-covered biplanes.

The first test flight of the proto-

types was made in a Noorduyn
Norseman, flying from Trenton to

Montreal on 24 January 1940, and
the equipment went on to prove it-

self and was made in large quantities

to support the Commonwealth Joint

Air Training scheme.

A ground transmitter was designed

and built by RCA Victor and called

the AT3 (Fig. 12). Though not as

difficult an engineering problem as

the airborne equipment, it neverthe-

less represented some very advanced
thinking in terms of frequenc)- con-

trol, frequency stabilit)% and remote
control. It was certainly the first

Canadian transmitter to be controlled

completely from a remote position by
a telephone dial.

A companion airborne set called

the ATR5 (Fig. 13) was designed
and built by the Canadian Marconi
Company particularly for Army co-

operation aircraft — it was the first

compact transmitter 'receiver to be
designed and built in Canada. These
pioneer efforts represented the first

and last time Canadian industry was
given an opportunity to develop orig-
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inal electionic equipment for military

use.

Once the vast resouices of the

United States were turned to the

prohlem of pioducing the myriads of

deviees necessary for both civil and

military use, the variety became so

great that it was not economic for

the Canadians to fabricate their own
original equipment designs and the

trend to purchase our requirements

from the United States or to fabricate

their pattems under licence set in and
has been the standard practice ever

since.

Canadian engineers also made sig-

nificant contributions from the be-

ginning of the war in the field of

radar. Although these contributions

were not necessarily ones of original

design, they did involve the re-engi-

iieering of basic British designs and
their fabrication in large quantities.

Research Enterprises was the pioneer

crown company which made the first

early-warning radars in Canada.

Enough of these equipments were
fabricated to build Canada's early

warning chain which remained in

being for the duration of the war and
then was immediately dismantled and
abandoned.

At the same time, Canadian indus-

try became involved in supplying air-

borne radars for the anti-submarine

Fig. 1 1 The first Canadian designed and
built general purpose airborne radio

transmitter and receiving equipment,
ATI and AR2, shovving the transmitter

with íts universal tuning meter in the
middle, the receiver with its remote con-

trol volume cable attachment to the

tuning unit and the direction finding

dial which controlled a loop direction

finding attachment which use the aural

null method.

RCAF photo

war. These were the famous ASV
equipments (Fig. 14) designed and
fabricated by the British in the first

instance, and later manufactured to

Canadian standards at home. A large

number of these sets were con-

structed and about 150 patrol air-

craft (of various types) were equipped
with them at one time toward the

end of the war.

During this period, the National

Research Council was one of the

mainstays of Canada's radar effort.

By modifying British designs and by
original work of their owai, they pro-

vided for the RCAF an IFF system

and a beacon system, and toward the

end of the war were working on orig-

inal micro-wave radars (Fig. 15)

which were intended to close the

mouth of the St. Lawrence against

submarines. These first micro-wave
radars arrived too late for their prim-

ary role but they found their wa>'

into the role of tracking thunder-

storms, and were used in pioneer

work of what is now know n as wea-
ther radar.

The beacon system was a 200 meg-
acycle transponder, triggered by tlie

airborne ASV equipment, which ga\ e

the aircraft distance and homing in-

formation. In 1946 the N.R.C." fol-

lowed up this development by an air-

borne meter presentation attachment

designed to operate with these bea-

cons to meet the requirenient then

being generated by civil aviation for

a pilot-operated navigation and fix-

ing aid. The system was flight tested

and proved excellent in measuring

distances to 100 miles away and also

in giving bearing, but it was subject

to intense compctition from other

allegedly more sophisticated s>stems

which were advocated very loudly

In' both American and British inter-

ests. The Canadian development was
allowed to wither on the vine and it

is interesting to observe that today

no Canadian aircraft carries DME

(distance measuring equipment) and
we are still waiting for the installa-

tion of TACAN, which is the e\'ent-

ual outcome of those competitive sys-

tems promised in 1947.

The post-war build-up of our air

defence system provided stimulus to

the electronic industry in the logistic

support, servicing, maintenance. and
o\ erhaul of the technical radars and
Communications equipment fitted in

the CFIOO and the Sabre. The radar

gunsight in the Sabre was actually

redesigned by the Canadian factor\-

and an improved version, which gave

greater performance for less com-
plexity, was fitted in the later niodels

of the aircraft.

A related activit\% in which Can-

ada has done some first class pioneer

work in the last ten years, is in the

field of the airborne navigational

computation, which. though not elec-

tronic, is a combination electro-mech-

anical device to soh e the dead reck-

oning probleni. The "position and

homing indicator" (PHI) and the R-C

Computer are two cases, one for the

single-seater and one for the multi-

seated aircraft in which novel tech-

niques were employed to produce re-

liability and accuracy in a minimum
weight and size. The most complex

example is the AXTAC s>"stem de-

signed for the Argus anti-submarine

aircraft.

During the last .se\ en years, Cana-

dian industr\- has branched into the

airborne missile field with a training

project sponsored hy the Defence

Research Board to develop the Vcl-

vet Glove air-to-au- missile. Althongh

the missile in performance ^^"as o\-er-

taken b\" advancing technologx" in

the United States, ne\ ertheless its de-

\elopment and testing in Canada
proved the capability of the industrx'

to design and fabricate the t\pe of

components required to meet the

very rigid demand.s of modem mis-

silry.
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Since it commenced active origi-

nal work in 1938, therefore, it is safe

to say that the Canadian electronic

industry has shown its ability to

compete with the modem demands
of military and civil aviation, but

the opportunities to demonstrate this

ability fully have been limited to the

few cases where Canadian demand
for numbers was large enough to

support the project.

ANCILLARY SERVICES
hy R. B. Mcintyre,

Assistant Engineering Director,

De Havilland Aircraft of Canada Ltd.

The aerial experiment association

was founded specifically to construct

an aircraft that could fly imder its

own power, carrying a man. The
Silver Dart did just that — proving

that man could guide himself about

in an airborne vehicle. For a while

this was quite enough; time was
needed to learn about the art and
science of flight itself. The technical

step was great and the very adven-

ture of flying was sufficient unto it-

self. In that period there was only

one requirement for an aeroplane,

namely, that it could fly.

As the techniques of aircraft de-

sign and operation improved, men
soon combined imagination and in-

genuity to direct the aeroplane into

channels of usefulness both for mili-

tary and civilian purposes. When
people are asked to spend any length

of time in a vehicle they expect to

have safety devices, labor saving de-

vices, and comfort. Ali this gave rise

to ancillary services and accessory

equipment. By definition, an ancil-

lary service is subordinate to the

prime functions of flying. The failure

of any ancillary should not bring

about catastrophic failure of the air-

craft, but with the growth of ancil-

lary services on today*s large high-

speed all-weather aircraft this may
not be strictly true. Today we must

regard many ancillary services as in-

tegral parts of the whole aeroplane

and not merely as attachments put

there as an afterthought.

An aeroplane consists, essentially,

of an airframe, engines, ancillaries,

and accessories. The ancillaries and

accessories may be divided into those

pertaining to flight, commercial or

military use, and comfort. Thus an

aeroplane's operational requirements

dictate its necessary ancillary equip-

ment and it is a fact that no modern
aircraft can perform its proper func-

tion without the help of suitable an-

cillary equipment.

While the general term 'aircraft

equipment' includes flight and eii-

gine instruments, navigation instrii-

ments, communication and navigation

electronic equipment, these things

are not usually regarded as ancil-

laries although in certain cases they

derive their power from ancillary

power services.

As aeroplanes grew in size and
speeds increased, it became necessary

to ojoerate certain parts of the ma-
chine by a power source other than

the pilot. Initially, it was a matter of

relieving the pilot of distracting bur-

d;nis, but later the work load ex-

Fig. 13 The first Canadian designed and built airborne transmitter receiver in one
chassis, the ATR5.

RCAF photo
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Fíg. 12 General view of the ATS ground
transmitter

ceeded human capability. In other

cases the size of the aeroplane made
the design of remote mechanical con-

trols awkward, and power actuation

was more desirable. The following is

a list of some components operated

by power on a modern large aircraft:

Main landing gear and doors; nose

landing gear and doors; nose wheel
steering; wheel brakes; air brakes;

main wing flaps; cargo doors; arma-

ment system doors; windshield

wipers. Such devices usually require

only intermittent linear actuation.

As opposed to control or actuation

there are other components or equip-

ments which also require power. Such
things as: engine starters; wing and
tail de-icers; fire waming and ex-

tinguisher systems; lighting of ali

kinds (cockpit, cabin, navigation,

landing, anti-collision, etc); instru-

ments (flight and navigation); elec-

tronic equipment (communication

and navigation); windshield de-icing;

automatic pilot equipment; cabin

pressurization and air conditioning;

galley services; armament systems.

Obviously this list can grow with

each additional end-use of an aero-

plane, e.g., photographic survey

work, agricultural work, etc.

Hence, we see that the majorit\' of

ancillaries involve us in considera-

tions of powered systems. In certain

obvious cases the aircraft designer

has no choice but to use electrical

power. In many cases there is a

choice between electrics, hydraulics.
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aiul piieuniatics. Some aeroplanes

ha\ o ali three s> stems, each devoted
to specific functions and occasionally

one acting as a standby for another,

such as a pneuniatic emeigeiícy sys-

tem on an undercarriage hydraulic

actuation system. Today there are

many specialist firms in the aircraft

equipment field and the aircraft de-

signer has a wide choiee of electric,

h>draulic or pneumatic equipment.
The growth of this assoeiated special-

ist industry has been of great help to

the aircraft designers inasmuch as it

has provided the aircraft firms with
equipment to aircraft standards of

safety, rehability, weight, and bulk
at a reasonable cost.

The eléctrica! system is probably
the principal ancillary service on air-

craft today. The growth of the air-

craft eléctrica] and electronic indus-

try is a good Índex of this, and it is

a fact that electrical power genera-

tion on aircraft has gone up rapidly

in recent years. It is not unusual to

find aircraft with total generated

power output of several hundred kilo-

watts. Both DC and AC systems are

used to supply starters, lighting, elec-

tronics, instruments, actuation motors

and linear actuators, solenoids, heat-

ers, cookers, air conditioners, and so

on. While most aircraft use engine-

driven generators or alternators, there

is a development toward completely

independent turbo-driven generators

and alternators, particularly for the

Fig. 15 Aerial of the first Canadian de-

signed and built niicro-wave radar

RCAF phoio

Fig. 14 Canadian anti-submarine aircraft fitted with ASV Search Radar. The
aerial array is supported by four stub masts along the spine of the aircraft

supply of constant frequency AC
power. The use of DC rotating equip-

ment becomes more difficult in high

altitude jet aircraft.

Today, as for many years past, the

battle is still waged on the relative

merits of electrics versus hydraulics.

There are some who favour the "one

system aeroplane" which would, of

course, have to be all-electric. How-
ever, the aircraft designer, who is

always fighting the weight bogey,

usually decides each issue on its own
merits and, in most aircraft today, ac-

tuating power is supplied b\- both

hydraulics and electrics. The pneuma-
tic actuating system has gained much
interest in the last few years in the

U.S. A. although this system has a

considerable history of de\'elopment

in the U.K. Many papers, b\ compe-

tent people, are available on the fea-

tures and advantages of the various

systems. In general, it can be said

that high load actuators in the form

of simple h\'draulic jacks are consist-

enth' lighter than their electric-

motor screw-jack counterpart even

as an "installed" system.

On modern aircraft the power re-

quirements are so high that it is ini-

portant to decide on the general lay-

out and t\pes of powered svstenis at

an early stage in the design. In other

words, ali sxstems (including tlie

power plants) must be well integrated

with the airframe. An example of

this might be a jet propulsion engine

compressor providing cabin air,

cooled b\' a turbine which in tum
drives an electrical generator and hy-

draulic pump.
Another major ancillary on mod-

ern aircraft is the cabin pressurizing

and air-conditioning system. For

many \ears both flight crews and

passengers had to be contented with

little or no comfort equipment and

Fig. 16 15,000 ton rubber forniing prcss. Fiat parts cut to shape by routing are

formed under pressure to contoiír of form blocks

Arro photo
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Fig. 17 Autoclave pressure chamber. Assemblies in vacuum bag are cured under
pressure and heat after application of adhesive to joining surfaces

seemed to get along quite well. Since
1945 there has been considerable
work done by designers and builders
at least to minimize the discomforts
of flying. Cabin pressurization is

more recent and has now graduated
from being a simple provision for

passenger comfort on piston engine
aircraft, to an essential system on
high-flying jets. The jet aircraft's

cabin pressure system must have the
abihty to withstand failure of any
sort, but it must be noted that cur-
rent jet transports provide emergency
oxygen equipment for crew and pas-
sengers. The equipment for pressur-
izing and conditioning is quite so-

phisticated and has been largely de-
\eloped by speciahst firms working
closely vvith the aircraft builders.

The small high-speed turbine
wheel is on the way to becoming the
heart of modem aircraft accessory
systems. It made its entry as a means
of cabin conditioning and pressuriza-

tion and is now the main component
of much more far-reaching systems.

The ancillary jobs of which the small

turbine is capable are so diverse that

it can be the means for generating
electric power, refrigeration, hydrau-
licpumping, air compression, and the

production of mechanical torque. In
effect this will provide large aero-

planes with a "power station" inde-

pendent of the main propulsion units,

which offers advantages in efficiency,

flexibility, weight reduction, and re-

liability.

This brief review can only high-

light the main ancillary systems

found in modern aircraft, but to en-

gineers it should indicate how air-

craft engineering has broadened in

scope over the last 50 years. Mech-
anical, electrical, and electronic en-

gineering have become as important

to the aircraft designers as the struc-

tural, metallurgical, and aerodynarnic

aspects of flying machines. The air-

frame constructor undertakes to pro-

vide and be responsible for the com-
plete vehicle. It is, therefore, natural

that the aircraft designer should be

criticai of the elaborate standard of

equipment current today. He persists

in his plea for the reduction of equip-

ment weight and bulk. The design

gross weight of an aeroplane varies

almost linearly with the combined
weight of payload, crew and equip-

ment, that is, the fixed items required

to be carried. Hence, a 10% reduc-

tion in these fixed quantities gives

about 10% reduction in all-up weight.

On a long-range aircraft the payload,

crew and equipment. may total only,

say, 20 to 25% of the gross weight so

that it can be seen that a relatively

small sacrifica on the fixed items can

yield appreciable savings in all-up

weight and initial cost. Reduction in

bulk of equipment reduces total air-

craft volume and results in lower

drag and higher performance. Of
course, advantage can only be taken

of such reductions if they are known
early in the design stage.

As already mentioned, the equip-

ment designers have done a great

deal toward reduction of weight and
bulk, but it is expected that the con-

flict between operational amenities

and aircraft performance will go on
into the future. The aircraft designer

must control the ancillary equipment
situation since it is clear that such
equipment has a large influence on
basic aircraft design.

It would appear that aircraft and
ancillary equipment engineers have
made good use of their time over the

(Continued on page 79)

Fig. 18 Large wing skin being milled from solid bíllet of metal. Cutter head moves
over material at right, guided by tracer following template at left

Avro photo
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Engineering Features

of the

BEECHWOOD DEVELOPMENT

J, A, Thomas, M.E.I.C. Chief Engineer, Civil Division,

R. E. Grout, M.E.I.C. Chief Engineer, Electrical Division,

The Shawinigan Engineering Companij Limited.

THE BEECHWOOD DEVELOP-
MENT is located on the St. John

River in the Province of New Bruns-

wick, about 110 miles above the

provincial capital of Fredericton (Fig.

10). Perth and Andover, on opposite

sides of the river, are some fifteen

miles to the north; Florenceville is

about twelve miles down river. There
are bridges across the St. John River

at each of these towns.

The St. John River valley, in this

vicinity, runs north and south parallel

to the International boundary and
some eight miles to the east. The
sides of the valley rise gradually from

the banks of the river in pleasant fer-

tile terraces.

Under a reference of 7th July,

1952, the International Joint Com-
mission commenced a study of con-

servation and regulation of the St.

John River. Its report published in

1953 recommended the Beechwood
site for initial development on the

main stem of the river, pointing out

that it is centrally located with re-

spect to system load centres and lies

below the Aroostock and Tobique

Rivers, both of which have some
existing storage. Additional storage on

the upper reaches of the river, when
built, will benefit the Beechwood
plant.

Hydrology

The St. John River basin lies in

northem Maine and adjacent Quebec
and New Brunswick. The watershed

of the St. Lawrence River to the north

and that of the Penobscot to the south

adjoin the basin. The total drainage

area is 21,600 square miles, making
the St. John one of the largest rivers

draining into the Atlantic Ocean.

Si.xty-five per cent of the drainage

area lies in Canada and thirt\"-fi\e

per cent in Maine. The total fali of

the river between the source and tide-

water is 1,578 feet.

Below the Grand Falis site (Fig. 10)

the river drops 287 feet to tidewater.

The river here is broad and slow-

moving with many shoals and islands

formed by the deposition of materiais

carried in suspension down the swift-

er reaches. The profile suggests that

power developments will have low

heads and long headponds typical of

peaking plants. Dam sites are primar-

ily to be selected for fovmdation and

abutment conditions rather than from

any features of the river profile.

The mean annual run-off of the

river at Pokiok, below the Beech\\ ood

site, is 1.56 c.f.s. per square mile,

equivalent to 21 inches in the drain-

age area. Approximately two-thirds of

this occurs in the months of April,

May, and June, although there is

often a flood peak in the fali. During

the period of record the run-off has

varied from a mininium of 0.2 c.f.s.

per square mile to a maximum of

17 c.f.s. per square mile. The latter

run-off as measured at Pokiok cor-

responds to the record flood of 238,-

000 c.f.s. at Beechwood in May, 1923.

As may be surmised, the St. John

River is very flashy and might be

expected to present some difficulties

during construction.

Power Potential of the
St. John River

There are four po\\er sites on the

main stem of the ri\"er in Xew Bruns-

wick, of which onl\" two are de-

veloped. These are Grand Falis with

an installation of 57.000 kw. at 132

feet head and the Beechwood plant

to be described in this paper. The
two undexeloped sites are Morrill,

situated about halfwa\- between
Grand Falis and Beechwood. and
Hawkshaw, some fort\" miles above
Fredericton. Morrill is e.vpected to de-

velop 66,000 kw. at 53 feet; Hawk-
shaw, with a head of 55 feet, will

produce 112,500 kw. Comparative

estimates at an earlier date had showii

Beechwood to be the most economical

de\elopment.

Beechwood Installation

The studies made for the Joint

Commission report showed that 102,-

000 k\\'. could be installed at an aver-

age head of 60 feet. Additional stud-

ies were made during the planning

stage of the de\'elopment A\hich con-

firmed the proposed installation and

established that three units should be

installed \\ ith a rating of 36.000 kw.

at a net head of 57 feet. These stud-

ies also confinned that, in rclation to

existing storage and s\ stem load, only

two units should be put in initially

with .space pro\ided in the power-

house for the third.

The value of capacit\- in a system

combining thormal and hydro power
is \er>- high. The Beechwood plant

will be operated essontially as a peak
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load plant during periods of low flow

and the thermal plants will be base

loaded. The reverse will be true dur-

ing periods when the flow is equal to

cr greater than rated discharge.

Backwater Studies

The construction of the Beechwood

dam produces a backwater effect

vvhich extends for many miles up the

river. Since the countryside is well

settled, extensive provisions were ne-

cessary to protect the banks over cer-

tain reaches and to compensate for

flooded áreas at others. In addition,

the effect on the future site at Morrill

must be determined.

Perth and Andover are principal

áreas affected by the backwater. It

was apparent that, for a particular

river levei at this location, various

flood flows could be passed depend-

ing on the number of sluice gates pro-

vided at the dam, coupled with the

permissible drawdown. Hence, it was

necessary to prepare the curves of

Fig. 1, which shows the relationship

between water leveis at Perth-Andover

and those of the forebay for various

flows. Superimposed on these is the

capacity curve for nine sluice gates

and two regulating gates. Similar

curves for various numbers of gates

were used in the course of the study.

The flatness of the curves indicates

at once that a comparatively large

variation in levei at the forebay for

flows in the neighbourhood of 2.38,000

c.f.s. produces a much smaller varia-

tion in the corresponding levei at

Perth-Andover. Since the forebay must

inevitably be drawn down, the back-

water effect at points in between is not

criticai.

Further study along these lines in-

dicated that nine sluice gates toge-

ther with two regulating gates formed

a satisfactory installation. The installa-

tion of a larger number of gates would

reduce the backwater at the towns by
only a fraction of a foot for a particu-

lar flood flow, or, on the other hand,

would increase the flood capacity by

only a small percentage for a particu-

lar levei at Perth.

Backwater calculations were made
by the step method to the Morrill site.

The curves shown in Fig. 1 were

interpolated by the unit-fall method.

Description of the Site

Three locations of base line were

investigated in the field. These lay in

a reach some 800 feet long, and the

bed rock profile was ascertained for

each by diamond drilling. After some

preliminary study, the middle or "K"

line was selected as the base line for

the development.

On the west bank the rock rises

Fig. 2. General plan of the development.

230 232 234 236 238 240 242

ELEVATION AT DAM

Fig. 1. Chart of backwater elevation

between Perth and forebay.

steeply to form an ideal abutment

for the dam. Though overburden was

rather heavy, there was no great

problem in removing it. Rock, in the

bed of the river near the west bank,

is deep, at approximately elevation

142, and is overlaid with thirty to

forty feet of sUt. Towards the east

bank it rises and remains generally
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horizontal at about elev. 170. The
east bank of the river consists of

overbiuden—a pervious mixture of

silt, clay, and sand. Rock for the

east abutment reaches elev. 248, the

crest levei of the dam, some 600 feet

back from the original bank. Since

the overbnrden is pervious, a cut-

off wall was required to abut on
the rock. Bumfrau Brook, which or-

iginally flowed along the bank, was
diverted into the St. John above the

base line.

The railway had to be diverted to

a higher levei on the east side of the

river before construction. Highway
grade changes and relocations, and
extensivo bank protection were also

required.

Geology and Foundation
Treatment

The topography of the preglacial

valley of the St. John River near

Beechwood has been largely modi-

fied by ice action during the last

period of Pleistocene glaciation and
by deposition of detritus during the

retreat of the ice. Valley trains were
established, subsequent stream action

modified these deposits to a varying

extent, and the river has cut dovvn

to its present bed, which con-

sists of a bouldery alluvium of

varying thickness. Terraces of mixed
gravei and silty till frequently rise

abruptly from the water's edge up to

70 feet. Above these terraces the hill-

sides are thinly covered vi^ith silty

stony till ("potato dirt").

This silty till is well graded and
was used for the impervious core of

the earth dam that forms the closure

to the east of the intake. The deposit

was shallow, the moisture content of

the in-place material was above op-

timum, and compaction was difficult

during wet weather.

The gravei deposits in the river

terraces produced excellent coarse

aggregate for the concrete when 10

to 20 per cent of the lightweight par-

ticles were removed. Sink float pro-

cessing was used to upgrade the

gravei.'

Bedrock at Beechwood is a cal-

careous shale or argillite. Locally

cleavage is so well developed that the

rock has a siate-like appearance and
evidence of bedding has been des-

troyed. Small dykes and stringers of

calcite with or without quartz cut or

meander through the argillite. The
weathered surface of the rock varies

from grey to greyish brown; on fresh

surfaces it was dark grey, and in the

zones of more pronounced cleavage,

shiny jet black. In several locations

drilling encountered zones contain-

ing water under artesian pressure in

the bedrock and in the overbnrden of

the river bed.

The most highly developed cleav-

age was found in the powerhouse
area where the deepest excavation

was required. During blasting opera-

tions the rock opened up along the

cleavage planes, which added to the

overbreak and necessitated an exten-

sive bedrock consolidation program in

the intake-pow erhouse area as well

as a close spaced pattern of curtain

grouting along the upstream face of

the intake.

At pier 12 a fault zone of variable

width, generally of the order of 1

foot, was uncovered that had a north-

south strike and dipped at 45° to the

east. This zone was filled with brec-
ciated argillite, unbrecciated calcite

and minor gouge. The structure was
open for the passage of water. Ex-
cavation for the draft tubes en-
croached on the faulted area and it

was necessary to remove a part of the
hanging wall that was unsupported
and replace it with concrete.

Due to the solubilit>- of the calcite

and the openness of this fault, an
extensi\-e program of grouting was re-

quired to consolidate tlie material and
seal off ali water passages.

Exi:ensi\ e curtain grouting was ne-
cessary to establish a watertight cut-

off extending to depth adjacent to

the upstream face of the structures

and along the upstream east retaining

wall. Close spaced blanket grout holes
to 20 feet depth were put down in

the intake and powerhouse áreas and
under the east retaining wall to con-
solidate the bedrock distributed by
blasting. In the fault zone at pier 12
both consolidation and curtain grout-
ing were used.

In the western part of the sluice

section the rock was relati\el>- tight.

A double row of curtain holes on
10-ft. centres to depths of over 100
ft. were required. East of pier 6 the
rock was more open and three rows
of holes with an effective spacing of

5 ft. were put downi to a minimum
depth of 100 ft. with test holes to

200 ft.

From pier 12 east across the in-

take, four rows of curtain holes were
put down. The 45° east-dipping fault

zone was grouted to 175 ft., below
which it pro\ ed tight. Three rows of

holes were \ ertical and one was in-

clined to the west, the effective spac-

ing being appro\imatel\- 2 ft. Both
stage and step grouting was used in

this area. Under the earth dam tvvo

rows of curtain holes were put down.
Three rows of holes from 100 to 200
ft. deep were put downi below the

east retaining wall and extended
downstream to the dowiistream face

of the powerhouse.

In the intake-powerhouse area con-

•Heavy Media Processing of Graveis in
New Brunswick. I. D. Ma^Kenzie. Journal
of A.C.I.. Sept.. 1958,

Fig. 3. Typical section of sluice showing by-pass arrangements and seals.
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Fig. 4. Typical section .of regulating gate.

solidation grouting was carried out in

tvvo 10-ft. stages to a vertical depth of

20 ft. The primary pattern consisted

of rows of holes on 10 ft. centres, the

alternate rows being inclined 60°

north and soiith. The second pattern

consisted of holes inteiinediate be-

tween the first pattern with the alter-

nate rows of holes dipping 60° east

and west. Consolidation grouting to

20 ft. depth was also carried out un-

der the core of the earth dam and

under the east retaining walls.

Some 6,600 bags of cement were

injected into the curtain grout holes

and 3,500 bags of cement into the

consolidation grout holes for accep-

tance of 11.3 and 1.5 bags per hole

respectively.

Description of Structures

The final arrangement, Fig. 2,

placed all the stinictures on a straight

base line. On the west bank a con-

crete bulkhead section was poured

against the rock, extending outward

to the spillways which lie roughly in

the centre of the river. The regulat-

ing gate section adjoins the spillways,

and the fish hoist is between this and

the powerhouse on the east bank.

From the powerhouse to the east rock

abutment there is a cut-off consisting

of an impervious clay core blanketed

by the local sandy material.

Spillways

There are nine spillways, each 50
ft. wide, with sills at elev. 207 corres-

ponding to a normal forebay levei of

242. Piers 15 ft. thick are raised to

elev. 248, thus providing 6 ft. of

freeboard. Two regulating gates each

21 ft. wide by 22 ft. high are also

provided. The design aliows the fore-

bay levei to rise to within 1 ft. of

the top during an extreme flood.

For floods over about 100,000 c.f.s.

the forebay is drawn down imtil a

minimum pond levei of elev. 230 is

reached. After this, the forebay rises

with the flood thus increasing the

head over the sills. Table I gives some
values of discharge capacity.

The historie flood is 238,000 c.f.s.

or 17 c.f.s. per square mile. At maxi-

mum forebay levei the nm-off corres-

ponding to the spillway capacity is

31 c.f.s. per square mile, which is con-

sidered a safe figure allowing for the

flashy characteristics of the river.

The capacity of the two regulating

gates is only slightly less than the

rated discharge of two units; if load

is lost on both imits simultaneously,

the gates can be quickly opened to

control the forebay levei.

Figure 3 shows tlie cross-section

through the spillway. The sill shape
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is a scimimian parábola with vertex

10 ft. from the upstream face. Up-
stream of the vertex, the profile is a

circle of 14 ft. radius with centre 9 ft.

6 in. from the upstream face, which
is somewhat fuller than the theoretical

true profile and is provided to allow

for stop log gains and sill beams with

clearance for working space in front

of the gate. The complete profile was
checked by model test to ensure that

there is a positive pressure at all

points on its surface.

A circle of 50 ft. radius joins the

sills and aprons tangentially. The
apron is a reinforced concrete slab of

18 inch nominal thickness extending

some 150 ft. below the base line. At
its lower end it sweeps up to a lip

with a 10 ft. tangent length, making
an angle of 14° to the apron surface.

This lip serves effectively to prevent

erosion of the rock at the toe of the

apron, where there is quite a dissi-

pation of energy. The apron eleva-

tions are varied to suit the elevation

of bedrock except where the rock is

very low. The drainage system is de-

signed to prevent uplift on the slab

due to high tailwater leveis.

Expansion joints are provided on
each side of the piers. Sills and piers

are therefore designed to be
separately stable, and reinforcing steel

is placed through the horizontal pour
joints to ensure safety of the sills

against sliding. The sliding factor

at the rock line for the composite
structure (sills and piers) is kept low
in view of the stratified type of rock.

The gates are 50 ft. wide by 36 ft.

high, of fixed roUer type, operated by
individual screw hoists carried on
Steel towers and bridges. They are

designed for an ice load of 5,000

Ib./ft. width applied at any levei from
one to six ft. below the top of the

gate. A monorail hoist, mounted on
the upstream side of the towers

handles the stop logs. The heating of

the skin plates and gains of some
gates for emergency winter operation

is dealt with elsewhere in this paper.

To distribute the thrust of such

large gates to the piers, presents a

particular problem. Tower - type

bedded parts were designed to sup-

port the gains, which are themselves

completely formed in steel plate.

Thus, mass concrete can be poured to

embed the towers with no subsequent

need to grout in the gains. The towers

are also so designed that the load re-

ceived by the gains is distributed

deep into the mass of the piers. This

results in an exceedingly strong ar-

rangement and one not readily sub-

ject to concrete deterioration through
spalling or erosion.

The two regulating gates are of

similar design to those of the 50 ft.

spillways. The sills were poured init-

ially to the finished profile and are

shown in Fig. 4.

Inspection Tunnel

An inspection tunnel in the dam,
from the west bulkhead to the power-
house, will permit inspection for leak-

age at or below the rock line and
allow any necessary additional grout-

ing to be done. Six-inch diameter
pipes at 5-ft. centres are embedded in

the concrete from the floor of the

tvmnel to tlie rock. Through these

pipes a hole was drilled two to three

feet into the rock foundation. Escape
shafts are provided at three points
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Fig. 5. Fish hoist arrangement.

along the turmel rising to the tops of
piers, and a portal is formed in the
west bulkhead. Ali drains lead to the
inspection tunnel which is provided
with a sump and two 360 U.S.g.p.m.
pumps operated by water levei con-
trol.

Closure

The closure scheme to raise the
water levei in the forebay formed
part of the design of the spillways.

The sills were poured initially to elev.

180, the approximate levei of the bed
of the river and the piers to their

final levei. Stop log gains were built

into the piers at the upstream and
downstream limits of the sill. Three
sets of Steel logs were provided for

the upstream gains while timber
stop logs, reinforced by needle beams,
were used in the downstream gains.

The scheme called for closure of the
openings in groups of three com-
mencing at the west end and proceed-
ing eastward. The flow of the river

was to take place over the remaining
sills. Of the final group of three, the
first was to be concreted separately,

then the remaining two simultan-
eously. Sufficient stop logs were avail-

able from the three sets so that these
last two could be kept unwatered
while the water was passed over the
seven completed sills. The final clo-

sure was to take place at lower flows
in late November or December.

Hnwatering Scheme
The scheme for construction called

for a cofferdam extending out from
the west bank to enclose an area so
that five sills and six piers could be
poured. On completion, the coffer-

dam was demolished and the spring
flood passed over the uncompleted
sills and the remaining section of the
river to the east, augmented by some
bank excavation for the powerhouse.
After the spring flood, a cofferdam
was extended eastward from a sec-
tion which sealed against a completed
pier. This cofferdam enclosed an area
to permit the pouring of the remain-
ing sluices and part of the regulating
gate section. This was to be com-
pleted before the fali flood together
with a final cofferdam enclosing the

powerhouse area, built to seal on the
west regulating gate pier.

The St. John River is extremely

flashy and calculated risks were ne-

cessary in reducing cofferdam heights

so that the yardage could be placed

and the necessary concrete poured
between spring and fali floods. It was
decided to provide for "between
flood" flows of 40,000 c.f.s. and
floods, either spring or fali, of 200,-

000 c.f.s.

Other conditions during the con-

stmction period included provision

for passing the log drive and also the

Salmon run.

During the summer of 1954, while

the design studies were progressing.

very high summer flows were being

recorded with peaks of over 90,000

c.f.s. This caused some concern to the

engineers, but the flows during the

actual construction period were con-

consistently among the lowest ever

recorded for the river. These ex-

tremely fortunate conditions led to

some deviations from the original con-

struction scheme.

Bubbler System

To reduce ice formation, a bubbler

system is installed on each gate. Four
nozzles equally spaced across the

gate 12 ft. below the surface dis-

cliarge air bubbles which raise rela-

tively warmer water to melt any
surface ice. Two 100 c.f.m. compres-

sors supply the au'.

Fish Passing Facilities

Each year, from May to November,
the Atlantic salmon run up the river

to spaw n in the shaUows of tributary

rivers, principalh" the Tobique.

Though the run is not of commercial
significance, the value as game fish

is great. It ^\as therefore necessar\- to

design facilities to get them over the

dam at Beechwood.
During the nm the salmon swim

against the cunent, and tliis charac-

teristic has been used to guide them.

Since the flo\\" from the di"aft tubes

of the turbines fonns an ideal attract-

ing current, it is usualh^ best to have
the fish passage near the powerhouse.

A fairly conventional fish ladder is

in use at the Tobique plant of the

Commission. and it was at first pro-

posed to build at Beechwood a suni-

lar reinforced concrete structure of

alternating drops and rest pools con-

forming to a 1 in 12 slope. However,

to build such a structure on the ma-
terial of the east bank and to control

settlement so as to maintain the slopes

would be difficult and expensive. and

an alternative method was designed.

(Fig. 5).

Experience at Tobique showed that

a gallery along the downstream face

of the powerhouse above the draft

tubes, with openings in its outboard

wall, attracts the fish into the pas-

sages. This was incorporated in the

Beechwood powerhouse as a gallery

8 ft. wide with three openings, each

6 ft. wide, proxided with stop logs

to produce a drop of 9 to 12 in. in

the water surface to attract the sal-

mon. At No. 1 unit the gallery tums
in under the diaft tube deck and

leads to a rest pool formed in the

west bay adjacent to the hoist. Ad-

justablo lou\res at the entrance and

exit control velocitics and deter the

fish from returning dowiistre^im.

A flow of 12 c.f.s. was selected

with provision for adding additional

Table I. Values of Discharge Capacity

Forebay
Elevalion

230
242 (normal)
247 (extreme high)

Flood Gate
Discharge

c.f.s.

180,000
345,000
410,000

Regulating Gate
Discharge

c.f.s.

4,000
14,700

20,000

Total

c.f.s.

184,000
359,700
430,000
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water if more than one opening should
be in use along the collecting gallery.

The fish hoist consists of a cage
which is pulled up an inclined track-

way. The cage is 10 ft. square at the

bottom with a sloping front end. (Fig.

6). The sides are wire mesh except

at the bottom where plates extend up
one foot to form a watertight com-
partment. A door on one side is auto-

matically raised before the cage starts

its upward trip. The cage is tipped on
arrival at the upper levei to pour the

water and coUected fish into the fore-

bay.

In the dovvn position the cage rests

in a water filled basin with intake

located so that the current attracts

the fish into the cage. A wire mesh
gate at the entrance closes with the

door of the cage so that, when the

cage is raised, the fish cannot pass

into the basin. The gate opens when
the cage returns.

The hoist was satisfactorily put

into operation in August 1957; in

ninety days, 1,127 fish passed over

the dam. Operation can be automatic

on a timed cycle, but at present the

cage is controlled manually.

Logging

Both pulpwood and sawlogs must
be passed over the dam at Beech-

wood. However, the characteristics of

the river are such that the drives take

place at the ebb of the flood. Hence
no log chute is provided, the logs

being passed over the open spillvvays

or flushed through a regulating gate.

Directing booms are stretched in the

forebay and attached to anchors em-
bedded in the piers.

Powerhouse (Fig. 7)

The powerhouse is an integral de-

sign; i.e., intake and powerhouse are

combined. In this case the down-
stream wall of the intake constitutes

the upstream wall of the generator

room.

The units have concrete semi-spiral

cases fed by a three-gate water pas-

sage. Trash racks are placed in the

entrance and head gates, each with
its own hoist, just downstream. The
emergency gates, of which there is

only one set, are dropped in the trash

rack gains during repairs. The head
gates can be removed by bringing

them to the upstream face of the gate

slot and transferring the lift from
gate hoist to gantry.

The powerhouse has settings for

three units, of which only two are

installed initially. Since the unit spac-

ing is 70 feet, it was possible to place

the office and control buildings on
the transformer deck between trans-

formers, resulting in a very compact
arrangement. Entrance to both build-

ings is reached from a balcony at elev.

218, 12 ft. above the generator room
floor.

The superstructure is steel-framed

with reinforced concrete walls. The
walls of the powerhouse are 10 in.

thick; those of the office and control

building are 8 in. thick. Ali are poured
with no expansion joints, and ex-

perience to date has revealed only a

few hair-line cracks on the lines of

the columns.

The large size of the units necessi-

tates large generator room volumes.

When the coldest part of the winter is

reached, the available flow is low and
hence the units will be operated at re-

duced loads. Calculations showed that

it would not be possible to heat the

space with heat from the units. Elec-

trical heat was added, minimized by
using light-weight pre-cast roof slabs

of high insulating value. On this a

bonded roof was laid.

The east end of the powerhouse
consists chiefly of the retaining waU
against which the east cut-off dam
abuts. The main entrance is also at

the east end of the downstream wall,

the approach being just inside the

retaining wall. The entrance opens

directly on the repair bay.

East Cut-off Wall

Figure 8 shows the section of the

earth fill dam which forms the cut-

off. The compacted clay core and
pervious blankets are of local material.

As the core approaches the power-

house retaining wall, it is widened
out to increase the length of the leak-

age path along the concrete face. The
blanket material is so pervious that

toe drains are not necessary.

Compaction was done in 6-in. layers

using a sheepsfoot roUer. The rock

foundations were grouted and smooth-

ed with concrete for deposit of the

core.

The roadway to the intake extends

along the top of the dam, which is

covered by a 3-ft. layer of gravei. The
upstream slope is covered with 3 ft.

of rip-rap and the downstream slope

with 1 ft. of coarse gravei.

Powerhouse Auxiliaries

The powerhouse crane has a capa-

city of 175 tons on the main hook and

25 tons on the auxiliary hook. It is a

conventional overhead travelling t>^e

with the operating cab at the up-

stream end of the bridge.

The gates, racks, and emergency

gates are serviced by a 60-ton gantry

crane on the intake. This gantry has

unequal legs, the upstream legs being

supported by tracks at deck levei

while the downstream tracks nm on

rails laid at the levei of the gatehouse

roof.

Provision has been made to move
the transformers inside the power-
house using a fixed hoist located

over the roadway at the powerhouse
entrance. The transformer is run out

on a rail car, slung, and lifted by the

Fig. 6. Fish skip being raised to forebay.
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hoist. The rail car is then ruii to one

side and the transfoimer lowered to

tiacks provided at the repaii- bay
le\'el.

The various sei-vice auxiliaries in

the powerhouse consist of strained

water supply, fire pump, govemor oil

and air pressure systems, general ser-

vice air, circuit breaker air pressure

supply, oil filtering system, etc.

The portable oil filter used for

filtering the transformer insulating oil

is mounted on a four-wheel traíler

suitable for towing on the highway.

This unit includes a heater for heating

the incoming oil to 80°C., a filter for

removing solid matter, and a vacuum
chamber for drying and de-aerating

the oil. The unit has a capacity of

450 I.g.p.m. and requires 64 kw. for

operation. Although this filter was
supphed as part of the equipment for

Beechwood it may be used readily for

other fa-ansformers on the N.B.E.P.C,

system.

General sei-vice aú- is provided by
a portable electrically-driven compres-

sor with a capacity of 160 c.f.m. free

air at 100 p.s.i. Electrical outlets are

provided at intei"vals around power-

house and intake so that the installa-

tion of piping runs has been avoided.

Turbines

The turbines of this development
are described elsewhere.* They are

the Kaplan type rated at 45,000 h.p.

at a net head of 57 feet and 109.1

r.p.m. At the time of installation, these

vvere the largest of theii' kind manu-
factured and installed in Canada.

Single Line Statíon Diagram

Figure 9 shows the single line dia-

gram for the generating station and
high voltage switching stations. Power
is generated at 13.8 kv. and is trans-

formed to 138 kv. through the unit

transformers. It will be noted that

high voltage switching only is pro-

vided. There are no low voltage cir-

cuit breakers between the generators

and the unit transformers. Transmis-

sion line No. 103 to Fredericton is

connected to the 138 kv. bus. A tie

transformer has been installed be-

tween the 138 kv. and the 69 kv.

buses, and three 69 kv. lines are

connected to this 69 kv. bus.

The 138 kv. bus is sectionalized by
means of a disconnecting switch. In

order to make full use of these two
bus sections at this stage of develop-

ment, the second unit has been con-

nected temporarily in place of the

•Beechwood Kaplan Turbines: Hydraulic
and Mechanical Features. L. M. Boyd and
W. S. Mcllquham. The Engineering
Journal, 1959, Feb., p. 56.

third unit. On the 138 kv. Fredericton

line No. 103, a bypass switch has

been installed around the line circuit

breaker to provide for breaker mainte-

nance. On the 69kv. Fredericton and
Tobique lines. No. 20 and 37 respec-

tively, a line paralleling switch has

been installed to permit maintenance

of either of these line breakers with

the other breaker in service.

A manually-operated disconnect

switch has been provided in the low
voltage bus between each generator

and unit transformer to pennit isola-

tion of the generator for testing and
maintenance. Power for station ser-

vice is taken from units 1 and 2 to

separate station service transformers

through 13.8 kv. disconnect switches.

System Diagram

Figure 10 shows the connection of

the Beechwood generating station into

the New Brunswick Electric Power
Commission transmission s>"stem. The
138 kv. line to Fredericton continues

on to the Grand Lake generating sta-

tion and Moncton. The 69 kv. lines

No. 20 and 37 connect into the exist-

ing 69 kv. transmission lines between
Fredericton and the Tobique Nar-

rows generating station. The 69 kv.

line No. 55 extends to the Canadian
border to form an interconnection with

the Maine Public Service Company.

Main Power Apparatus

Each totally-enclosed water-cooled

generator is rated 40,000 kva., 0.90

power factor, 13.8 kv., 109.1 r.p.m.

The stator coil insulation is Class

"B", with the major insulation of

asphalt-bonded mica tape. The field

polés are provided with non-continu-

ous amortisseur windings. The genera-

tors are of overhung design; i.e., the

combined thrust and lower guide

bearing is installed below the rotor,

and there is no upper guide bearing.

Each three-phase unit power trans-

former is rated 40,000 k.v.a., 13.8-138

kv., T\pe OFW, 60°C. temperatiue

rise. The transformers are connected

low-voltage delta and high-voltage

star with solidly grounded neutral.

Full capacity off-load taps are pro-

vided at 141.45, 144.9. 148.35 and
151.8 kv. on the high voltage wind-

ings. Two separate oil-to-water heat

exchangers are provided for each

transformer. Each heat exchanger is

capable of dissipating 80% of the

transformer losses at full load with

a maximum cooling water temperatuie

of 20°C.

The three-phase tie transformer be-

tween the 138 kv. and 69 kv. buses

in the switching station is rated 22,-

500 30,000 kva., Type ONS OXP,
55 °C. rise, connected star-star with

solidly grounded neutrais, and is pro-

vided with a 12.47 kv. delta-connected

tertian,- winding. This tertiary wind-

ing is not used at present, and one
comer of the delta is grounded extem-

ally. This transformer is provided with

on-load tapchanging gear haNing a

range of ± 10% on the 138 kv.

windings.

The 138 kv. windings of these trans-

formers are designed with full 650
kv. impulse withstand levei. This levei

was chosen due to operating condi-

tions; voltages as high as 155 k\". may
be experienced at the sending end
of tlie 138 kv. system. Lightning

arresters with a maximum line-to-

ground \oltage of 145 Ica*. rms are

provided at each transformer.

The indoor sections of the 13.8 k\-.

buses between the generator and trans-

formers are rated 2500 amp. and were
fabricated on the job. The outdoor

sections of this buswork to the trans-

formers were factory-assembled with

the three phases housed in one cir-

cular enclosure. This section includes

a baffle with bushings to form a seal

to prevent condensation of moisture

in the outdoor section. The impulse

withstand levei of ali sections of the

low voltage bus is 110 k\".

The 138 k\'. circuit breakers are

three-pole, high-speed, air-blast break-

ers, rated 800 amp.. witli a symmetri-

cal interrupting capacitv" of 2500 Mva..

and a total interrupting time of 3.5

cycles. The 69 kv. circuit breakers are

also air blast breakers and are rated

800 amp., 1000 Mva., 3.5 cycles.

Separateh- mounted 138 k-\-. and 69

kv. oil-filled current transformers are

installed on the line and transformer

sides of these circuit breakers. The
impulse withstand levei of the 138

kv. bus, circuit breakers and current

transformers is 650 kv.

Station Service Distribution

Power for station service is distii-

buted at 575 volts. Each of the tA\o

station service transformers is rated

750 kva., 13.8 k-\-.-575 \olts. T\i>e

ONS, 55°C. rise, three-phase, con-

nected delta-delta, and is pro\ided

with off-load voltage taps only. Tliese

transformers are installed outdoors on

the downstream deck of the power-

house with the unit power trans-

formers. These transformei-s aiT con-

nected to the 13.8 kv. generator buses

througli disconnecting switches which

are capable of broaking the trans-

former magnetizing cvurent.

The main station service switch-

board is of self-supix)rting, totally-
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enclosed, dead-front construction, and

is installed at one end of the low

\oltage bus tunnel. Air circuit bieak-

ers are used throughout for 575-volt

povver distribution and for starting

the 125 h.p. govemor oil pumps. Dup-
licate radial feeders are provided from

the main station service switchboard

to sub-distribution switchboards lo-

cated at each generating unit, and
ia the gatehouse, service bay, and

switching station. A separate sub-dis-

tribution switchboard is provided in

the powerhouse at each generating

unit, and each 7D-ft. generator bay

is supphed with auxiHary power for

motors and lighting on a unit basis.

Interlocks are provided throughout

the station service power distribution

system to prevent parallelhng of the

two main power sources. Single-

phase dry type distribution transform-

ers, with 115/230 volt secondaries,

are installed for the power supply

for lighting, heating and fractional

horsepower motors as required in each

of the sub-distribution áreas.

The total connected load on the

station service distribution system is

approximately 3,360 kva. Normally,

this load is split and supplied from

the two station service transformers.

In times of emergency this load may
be supplied from one transformer

only, and demand ammeters have

been provided to enable the trans-

former loading to be regulated.

Control, Metering, and Relaying
Equipment

The control equipment is located

in two general áreas in the power-

house. The main control, metering,

and relay equipment is in the control

room on the downstream side of the

powerhouse, and the apparatus for

generator and turbine control is on

the generator room floor.

The control circuitry has been de-

signed so that this station may be

operated by a minimum staff. Con-
sequently, ali normal operating func-

tions concerning the starting, stop-

ping, and loading of the generators

may be performed from the control

room by the operator.

Fig. 7. Typical section of powerhouse.

EL 248-0"
I

N.H.W.L 242-0" ^

EL 224-6"

EL 167-0"

In general, ali devices and indicat-

ing instruments required for the con-

trol of generation, synchronizing, and

line switching are located on the

benchboard in the control room. Two
duplex switchboards are provided in

the control room. The front paneis of

these duplex boards contain control

equipment and instrumentation not di-

rectly associated with the control of

generation or the transmission system.

The rear paneis contain the protective

relay equipment for the generators,

transformers, and transmission lines.

The operator's desk in the control

room contains a keyboard for the

communication system, switches for

the powerhouse signal system, and

the station load and frequency con-

trol equipment associated with the

electro-hydraulic governors.

A generator field cubicle consist-

ing of four cells is provided for each

generator and located on the generator

room floor. Three of the cells contain

the generator and main exciter field

circuit breakers, the automatic voltage

regulator with its rheostat in the main
exciter field circuit, the generator and

175 TON CRANE

EL 2 18-0"

35 TON GANTRY

EL l93!-0"

N.T.W.L 184-0"

EL 175-0"
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Fig. 8. Typical section of earth dam.

turbine beaiing thermometers, and
miscellaneous electrical equipment for

the turbine and generator control cir-

cuits. One cell contains relays and
auxiliary devices for the electro-hy-

draulic governor. Automatic braking

has been provided for stopping tlie

units as part of the automatic shut-

down sequence.

It is not the purpose of this paper

to give a detailed description of ali

the various features of the control

and protective circuits in the power-

house and switching station, but cer-

tain features of more than passing in-

terest are described in some detail."

Electro-Hydraulic Governors

The turbines for this development

are provided with electro-hydraulic

governors. Wicket gates and turbine

blades are controlled by a hydraulic

system which receives its signal from

a frequency-sensitive electrical net-

work rather than from a speed-sensi-

tive mechanical element. Briefly, the

voltage from the permanent-magnet

generator mounted on the generator

shaft is fed into a resistance-capaci-

tance circuit which is resonant at sys-

tem frequency (60 cycles per second).

Any deviation above or below normal

frequency is thus detected; a raise

or lower signal is given to electronic

tubes, which in turn power the elec-

trically-operated control valve of the

hydraulic servo-system. The actual

circuitry of these electro-hydraulic

governors incorporates a large number
of auxiliary control and protective de-

vices. The disposition of the various

components is as follows.

The regulator cubicle, which forms

one cell of the field cubicle on the

generator room floor, contains the

following equipment: the electronic

regulator, including the power tubes;

relays for protective features, gate

locking and gate limiting control;

frequency relays; relays for the selec-

tion of the damping; rheostat for the

speed droop setting; rheostat for the

speed-no-load gate setting.

The actuator cabinet on the gener-

ator room floor contains the electro-

hydraulic control valve which pro-

vides the link between the electrical

and mechanical systems. The actuator

cabinet also contains the following

auxiliary equipment: gate position po-

tentiometers; gate limit control mech-
anism and indicator; gate lock mech-
anism controls and indicator; electi-ical

tachometer; gate position indicator;

start-stop pushbuttons.

•A complete tabulation of protective and
alarm functions for generators, transform-
ers, transmission lines, and auxiliary
equipment in the station was given with
the original paper. A copy of this (Fig. 12)
may be obtained from the editor of the
Journal.

The controls for each governor

which may be required by the sta-

tion operator during normal operation

are located in the control room on

the benchboard, duplex board, or on

the operator's desk. These controls are

grouped as follows:

On the benchboard: calibrated rhe-

ostat for the power setting for the

unit when on individual operation;

calibrated rheostat for the frequency

setting for the unit when on indivi-

dual operation; selector switch to ad-

just the service damping; switches for

the control of the gate limit and ac-

tuator lock; stop button for complete

load rejection; indicating instruments

for gate position, gate limit position

and tachometer.

On one panei of the duplex board:

selector switch and indicator for

either individual or joint operation

whereby the unit may be operated in-

dependently or on station control;

selector switch and indicator for the

selection of either no load or service

damping; balance instrument for the

regulating network.

On the operator s desk: Ali genera-

tors in the station may be operated

on a station basis, that is, joint oper-

ation. The three rheostats required for

joint operation are located on the

operator's desk and are as follo\\s:

a calibrated rheostat for tlie power
setting for the station; a calibrated

rheostat for the frequency setting for

the system; a calibrated rheostat for

the regulating capacity, i.e., station

droop characteristics.

Electro-hydraulic governors were se-

lected for this installation only after

considerable thought had been given

to the requirements for load and fre-

quency control on The New Bruns\\ ick

Electric Power Commission system.

At present, the two units at Beech-

wood represent approximateh' 23^0 of

the total generation of the N.B.E.P.C.

system witli its interconnections. The
choice of electro-h>draulic governors

was based on the ease with which the

operating characteristics of the gover-

nors ma>- be adjusted to meet the

dail\- and seasonal requirements for

regulation. For each mdividual gover-

nor, the separate adjustment of the

speed droop and damping ensures

that the proper response may be ob-

tained. Joint operation is readily pro-

vided hy electrical interconnection of

the indi\idual go\emors within the

station and gives a simple and effec-

ti\e control of ali units in ser\"ice.

On joint operation, the total power

output, frequency, and regulating

characteristic for the whole station

are easily adjusted with one set of

controls, and the units will share the

load at ali times, even when opera-

ted isochronously, that is. witli zero

speed droop on flat frequency con-

trol. It is hoped that these two units.

equipped with electro-hxdraulic gov-

ernors, will assist considerably in

maintaining s>stem frequencx' closely

without the installation of additional

frequenc}' control equipment.

Supervisory Contiol of the Tobique
Narrows Generating Station

The second item of interest is that

super\isory control equipment has

been installed at Beechwood to exer-

cise remote control of tlie Tobique

Narrows generating station some 17

miles upstreani. This supervisoiy con-

trol and telenietering equipment to-

gether w ith the associated power line

carrier equipment, was installed prior

to the on-pow er date for the first unit

at Beechwood. This enabled The New
Brunswick Electric Power Commis-

sion to staff the Beechwood generating

station with the operators from

Tobique.

The super\ isory control oquipnient

is installed in the control room at
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Beechwood and forms two front

paneis of one of the duplex switch-

boards. This supervisory control

equipment contains a total of 24
points and gives the operator at

Beechwood complete remote control

of the Tobique station with its two
generators and two 69 kv. transmis-

sion lines as follows:

Start and stop each of the two
generators (which are provided with

automatic synchronizing and speed

matching); control the kw. loading on
each generator; control and position

indication for each of the line circuit

breakers; receive alarm indications of

abnormal conditions in the Tobique
station; raise and lower the Tobique
regulating gate.

In addition, "as-called-for" tele-

metering is provided to give the oper-

ator at Beechwood the following in-

strument readings from Tobique: gen-

erator volts; generator kw. and kvar.

loadings; turbine gate and load limit

positions; headwater and tailwater

leveis; 69 kv. bus volts.

Continuous telemetering of the

Tobique total kw. output is provided

at Beechwood, together with an in-

tegration of this reading, to give the

total kilowatt-hours generated. The
equipment at Beechwood also in-

cludes a device for retransmission of

the Tobique kw. generation to the

system dispatch office in Fredericton.

Communication System

The third item, of interest to power
utility engineers, concerns the

N.B.E.P.C, communication system, of

which Beechwood is the hub for the

Upper St. John River Valley. Prior to

the system expansion in the years

1956-58, of which the construction

of Beechwood was a part, the

N.B.E.P.C, relied on commercial tele-

phone service between the various

points on their system, except for some
mobile F/M radio installations. After

considerable study, which included

the system expansion for possibly the

next 25 years, it was recommended
that the N.B.E.P.C. install and oper-

ate their own private communication
system.

The recommended system utilizes

power line carrier for ali major links

between stations, and is required to

provide the following facilities: duplex

voice channels for load dispatching.

Fig. 9. Single line diagram.
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system operation and distribution

operational traffic; continuous tele-

metering; supervisory control; relay

protection.

The mobile F/M system is used

for local distribution traffic during

normal periods, and as an emergency

standby to the carrier system when
necessary. The commercial telephone

system is not regarded as a back-up

service to the privately owned car-

rier system. During severe storms the

land lines are considered to be more
subject to outages due to mechanical

failue than are the power system trans-

mission lines. Delays caused by prior

calls on the commercial system could

be a factor affecting the restoration

of service on the power system in

times of trouble.

It will be realized that a large

number of carrier frequencies will

ultimately be required for such a

communication system. In order to

accommodate ali of the functions re-

quired for present and future use,

single sideband carrier was selected

for this application after considerable

study. This choice was based on the

need to conserve the number of fre-

quencies required in the 50-200 kc.

band, and to avoid interference with

i|—|í|«~^-j-

LINE 20
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existing canier installations at present

operated b\- otlieis in the Maritime
área.

This communication system is bas-

ically a number of radial links emanat-
ing from the Fredericton dispatch

office. The radial system vvas chosen
as it offered the following advantages:
tlie concentration of approximately
one-half of the carrier sets at Freder-
icton localizes the maintenance to a

considerable extent; a point-lo-point

conversion does not tie up intenned-
iate carrier links unnecessarily; a high
degree of privacy is obtained; a great

degree of flexibihty is obtained which
permits future changes both as to

frequencies and equipment in the

communication network; as new links

are established, they may be com-
missioned without interfering unduly
with the carrier sets previously in-

stalled.

At both Fredericton and Beech-
wood, automatic dialling and PAX
equipment is installed for ali traffic

in any direction so that the station

operator in the control room is not
required to perform the duties of a
telephone operator. FuUy automatic
dialling is possible between ali points

on the system. A priority circuit is

provided to enable the operator to

take precedence over ali calls and to

cut into existing calls at will.

The Beechwood Generating Sta-

tion is a secondary hub for this

communication system for the Upper
St. John River Valley. At Beechwood

'

at the present time there are three

radial carrier links installed as follows:

Beechwood/Fredericton. This car-

rier installation provides duplex

voice communication and continuous

k\v. telemetering of both the Beech-
wood and Tobique outputs.

Beechwood/Tohique. Provides du-

plex communication supervisory con-

trol of the Tobique Station from
Beechwood, and continuous kw. tele-

metering of the Tobique output.

Beechwood/Maine Public Service

Company. Provides duplex communi-
cation and line relay protection.

Ali carrier circuits operate with
phase-to-ground coupling on the

transmission line. Many of the coup-
ling capacitors are supplied with po-

tential devices for synchronizing and
metering.

Ali single sideband equipment is of

the "reduced carrier" type operating

with magnetostrictive oscillators. The
equipment has a maximum output of

20 watts for the transmitter upper

sideband and 0.8 watt for the carrier.

Draft Tube Evacuation and

Spinning Reserve

The fourth item of interest is the

provision for the evacuation of the

water in the draft tube for the auto-

matic "motoring-generating" change-

over scheme.

In principie, this scheme has been

provided so that either unit. when
not required for kw. generation, may
be operated as a synchronous conden-

ser with an automatic spinning reserve

feature. The unit will revert to gener-

ator operation automaticalh" \\ hen re-

quired by system frequenc\' condi-

tions.

To explain this operation, assume

that a unit is operating as a generator.

To change o\'er to s\iichronous con-

denser operation, the operator in the

control room must first close the tur-

bine gates, using the manual control

switch. The operator then moves a se-

lector switch to the "motoring" posi-

tion. Two solenoid-operated valves,

size 6 in. and 2 in. respectively, then

open and introduce compressed air

Fig. 10. 138 kv. transmission system.

NEW
BRUNSWICK
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69 KV AND 138 KV TRANSMISSION SYSTEM
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into lhe draft tiibe to depress the

taíKvater to a levei below the runner

blades. At this point the 6 in. valve

closes. The 2 in. valve lemains in the

Circuit to regulate the water levei and
admits additional air to make up any
air leakage. The unit is now connected

to the system, is running as a syn-

chronous condenser, and may be used

to supply reactive power if required.

Should a sustained drop in system

frequency occur to approximately 59.5

cycles for some three seconds (adjust-

able vvithin the range of 1-5 seconds)

indicating a deficiency of generation

on the system, then a signal is given

to the electro-hydraulic governor

which opens the turbine gates fully.

The air in the draft tube is carried

out by the incoming water, and the

full out-put of the generator is made
available to the system in some few
seconds. Upon restoration of system

frequency to 60 cycles, normal gov-

ernor action takes over and regulates

the unit loading and frequency auto-

matically.

With this scheme a unit cannot be
motored until the compressed air

storage tank is fully charged, which
requires approximately one hour. If

the compressed air in the storage tank

is insufficient to depress the draft tube
levei fully, a pressure switch on the

tank actuates a "do not motor" warn-
ing in the control room.
The schematic diagram of the pip-

ing and valve arrangement for the

draft tube water depression system
is shovvn in Fig 11. The system is sup-

plied by a 250 c.f.m. compressor dis-

charging at 100 p.s.i. Air storage is

provided by two receivers with a

total volume of 2200 cubic feet. The
volume stored at 100 p.s.i., when
expanded to the draft tube pressure

of approximately 12 p.s.i., is 20%
greater than that required to depress
the draft tube water levei clear of

the runner. This additional capacity
is required to compensate for any
loss of air due to leakage or due
to the churning action of the blades
during the initial blowdown.
The units are served by an 8 in.

diameter header which runs the
length of the station in the piping
gallery. The air is discharged at each
unit through the 6 in. and 2 in. quick-
opening solenoid-operated air valves
referred to previously. The air is

passed from the valves through an 8
in. aírline to the turbine head cover,

through which it is admitted to the
draft tube. These solenoid-operated
valves for each unit are controlled by
a water levei switch attached to the
draft tube liner adjacent to the draft
tube access door. This switch con-

AIR RECEIVER TANKS
TOTAL CAPACITY 2,200 CU. FT

Fig. 11. Schematic diagram, piping and valves draft tube water depression system.

tains four electrodes set at elevations

156 ft. 2 in., 156 ft. 6 in., 156 ft. 9 in.

and 157 ft. O in. When the water

levei is depressed to elevation 156 ft.

6 in., the 6 in. valve closes and air

continues to be supplied through the

2 in. valve, which is controlled in the

"close" and "open" positions by the

electrodes at elevation 156 ft. 2 in.

and 156 ft. 9 in. respectively. The
lowest part of the runner hub is at

elevation 158 ft. 3 in. The electrode

at elevation 157 ft. O in. is used for

alarm purposes. The time required to

depress the water levei in the draft

tube is a little less than one minute.

Protective Relaying

The protective relaying for the 138
kv. and 69 kv. transmission lines

should also be mentioned as an item

of interest. As noted previously under
"Communication System", the con-

struction of Beechwood was a part of

the system expansion in the years

1956-58. During this period, the first

138 kv. transmission lines were
placed in service between Beechwood,
Grand Lake, and Moncton. In plan-

ning the protective relaying for this

new high voltage transmission sys-

tem, emphasis was placed on the need
to standardize the protective relays

for ali new 138 kv. lines. In addition,

it was necessary to equip many of the

existing 69 kv. lines with new protec-

tive relays, as these lines would now
operate in parallel with sections of

the 138 kv. system. The same emphasis
was placed on standardizing the pro-

tective relays for these 69 kv. lines.

Extensive studies were made to deter-

mine the types of relays best suited

to these applications. The types of

relays thus selected, together with

the basic relay circuitry, were then

applied to ali new 138 kv. lines and
revisions to the 69 kv. lines on the

N.B.E.P.C, system. Subsequent to this

study, it was found necessary to de-

part slightly from these principies of

standardization and utilize two types

of distance relays, the selection of the

relay type being dependent on the

length of the line

Thus the 138 kv. line at Beech-

wood is provided with the following

protective relaying: 3-stage directional

reactance-measuring distance protec-

tion for phase-phase faults; 3-stage

directional reactance-measuring dis-

tance protection for phase-ground

faults; directional inverse-time over-

current standby protection for phase-

phase faults; directional inverse-time

overcurrent standby protection for

phase-ground faults.

Similarly, the three 69 kv. lines at

Beechwood are provided with the fol-

lowing protective relay equipment: 3-

stage directional reactance-measuring

distance protection for phase-phase
faults; directional inverse-time over-

current protection for phase-ground
faults; non-directional inverse-time

overcurrent standby protection for

phase-phase faults.

These relaying schemes were selec-

ted and specified for several reasons.

(continiied on page 73)
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BEECHWOOD KAPLAN TURBINES

Hydraulic and Mechanical Features

W. S. Mcllquham, M.E.I.C., HijdrauUc Engineer, Hydraulic Division,

L. M. Boyd, M.E.I.C., Chief Engineer, Hydraulic Division,

Dominion Engineering Company Limited

THE GENERATING equipment of

the Beechvvood development of

the New Brunswick Power Commis-
sion consists of two vertical Kaplan
turbines each rated at 45,000 li.p.

under a net head of 57 feet at 109.1

r.p.m. Provision has been made for

the addition of a third unit. These
machines with a throat diameter of 18
ft. 4 in. are the largest Kaplan tur-

bines in operation in Canada. They
are also the first load responsive ad-

justable blade turbines to be designed

and built by the authors' Company.

HYDRAULIC FEATURES

Model turbine equipment was
tested in the hydraulic laboratory to

determine the characteristics of the

turbine to be manufactured for Beech-

wood. Several model runners and
associated equipment were made and
tested. The information obtained is

presented in the form of curves plotted

from the model tests.

Hydraulic Laboratory—Test Stand No. 1

Figure 1 shows model turbine test

stand No. 1 with Kaplan t\pe runner

assembled.

In this open tank arrangement is

installed a semi-volute case with a

short intake section, a 10-vane stay

ring, 20 wicket gates, elbow type

draft tube and the model Kaplan run-

ner designed for the Beechwood tur-

bine. Under a head of 10 feet in the

test stand, the performance character-

istics of the model turbine are deter-

mined by measuring the discharge

by means of a weir, the torque by
means of a torque meter and the RPM
b\ means of an electronic counter.

Characteristics of Kaplan Model
Runner D-141-5

On the hill chart of Fig. 2 the per-

fomiance characteristics of the model
tinbine, as determined by the tests

carried out in test stand No. 1 (Fig.

1.) are consolidated and plotted.

On the abscissa is 0, the speed

ratio. i.e.

linear velocity at the

throat diameter of the nmner
=

V2gh

and on the ordinate, HPu (at best

eíficienc\). i.e. unit horsepower or

horsepower for a mnner with a throat

diameter of 1 foot operating under a

head of 1 foot.

The model testing is done w ith a

runner having a throat diameter of

16.326 in. and the HPn values are

calculated and plotted.

The rated horsepower for the

Beechwood turbine is calculated

from Fig. 2 as follows:

Rated horsepower
= HPn (D)2 (H)3 2

= 0.31 (18.333)' (57) 3 2

= 45.000 HP
The test procedure is with the run-

ner blades locked in the hub as a

fixed blade runner. and sexeral tests

are required to obtain the perfonn-

ance as a Kaplan. In this instance six

separate tests were run as indicated

by the lines marked "A" = 0.50 to

'À" = 3.00. This "A" dimension is

Lowering head cover ínto position on wicket gates
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Fig. l. Hydraulic laboratory—test stand no. 1.

a measure of the pitch or angle of

the runner blades.

The lines for wicket gate angles

and runner "A" dimension show these

values to obtain best efficiency at the

corresponding and HP^.
Contours of best efficiency are

plotted.

The Ns or specific speed lines are

calculated by the formula Ns =
153.20 yHPj^ and are plotted as a

readv reference.

Runaway Characteristics with Data for

Beechwood

On the hill chart Fig. 3 are plotted

the runaway speed characteristics of

the model runner.

With the runner blade pitch or

"A" dimension as the abscissa and the

wicket gate angle as the ordinate,

contours of runaway phi are plotted

by the full lines. These contours show
that the maximum runaway is ob-

tained with the runner blades at 1.5

"A" dimension and approximately 49°

wicket gate angle.

On the right hand side of this chart

are tabulated data relating to Beech-
wood turbine operation.

(1) "Normal speed. versus H, tur-

bine at 109.1 r.p.m." Here the effective

heads and the corresponding values

are tabulated for the turbine operating

at the normal speed of 109.1 r.p.m.

Thus, in order to synchronize the

turbine, the nmner blades will be at

the flat angle or at "A" dimension
0.50 and depending on the head the

wicket gate angles required will be
approximately 6° for 65 feet head
and 11° for 35 feet head, at speed no
load.

(2) "Runaway speed, turbine on
cam, versus H". Here, for the efiFec-

tive heads tabulated, the correspond-
ing values at runaway vary with the

wicket gates and runner "A" dimen-
sion maintained on cam relation. This
variation in the at runaway is shown
by the broken lines.

The r.p.m. at runaway can be cal-

culated by the ratio of the normal
to the runaway 0. For Beechwood,
the estimated maximum runaway
speeds as calculated are as follows:

Head
Runaway Speed

On Cam Off Cam
ft. r.p.m. r.p.m.

65 210 240
57 191 223

Hydraulic Torque on Runner Blades—
Model

On the hill chart Fig. 4 are plotted

the hydraulic torque characteristics on
the blades of the model runner. In

order to obtain the torque on the run-

ner blades, special h\ draulic controls

and mechanical linkage were assem-

bled in the runner hub. The required

data were obtained from the tests by
photographing instruments arranged

on a panei, indicating: servomotor

pressures, runner blade movement and
wicket gate movement. With the run-

ner blade "A" dimension as the ab-

scissa and the wicket gate angle as

the ordinate, contours of hydraulic

torque are plotted at runaway for a

head of one foot.

Zero torque indicates that the run-

ner blades are in hydraulic balance.

The maximum torque tending to

open the runner blades was obtained

with the runner "A" dimension at 1.70

and the wicket gate angle of 50°.

Hydraulic Torque on Runner Blades —
Beechwood

On Fig. 5 is shown the hydraulic

torque on the runner blades of the

Beechwood turbine under variation in

head, for normal operation and at

runaway, as calculated from the

model test data.

(i) Normal operation on cam
(109.1 r.p.m.). The variation in torque

for the full range in po\\'er or runner
"A" dimension is shown by the two
full lines (1). At the design head of

57 feet the runner blades are very

close to being in hydraulic balance
for the full range in power.

(ii) Runaway operation on cam. The
variation in torque for the full range
of runner "A" dimension is sho\ra by
the t\\'o broken lines (2).

The magnitude of the h>draulic

torque tending to open the runner
blades under the rated head of 57
feet shows a maximum 12 times
greater at runaway r.p.m. than at nor-
mal r.p.m.
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model Kaplan runner.
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(iii) Runaway operatíon o§ cam.

The maximum torque for full gate

(50°) and the runner "A" dimension

to produce maximum is shown by
the top full line (3).

Beechwood Turbine Setting

Figure 6 shows the turbine setting;

i.e., the elevation of the rimner in re-

lation to the tailwater elevation and
the total head. The variation in the

eíFective head as sho\\ n was estimated

from the change in the tailwater ele-

vation.

The sigma factors were calculated

bv the formula

Fig. 3. Runaway speecl ratio—model runner.

H
as detailed on Fig. 6. It will be noted
that, for the turbine rating at 57 feet

head the sigma factor is 0.8. This is

based on the elevation of the runner

axis 168.13 and the tailwater eleva-

tion at 180.7.

Sigma and Cavitation Characteristics of

the Model Runner

In the cavitation laboratory the

model runner was tested to obtain

data showing:

(1) The sigma characteristics by
measurements.

(2) The cavitation phenomena by
photographs.

The photographs showed the model
runner in operation o\er a sigma
range from high \ alues where no ca\-i-

tation phenomena are visible to low
values including that at the sigma
break, i.e. the break in the HPjj — o

curve, and bexond the break. The
ca\'itatíon phenomenon showed clear-

ly as it developed from incipient to

a maximum with the change in sig-

ma.
On the hill chart Fig. 2 the points

(HPji <t>) at which the sigma and cavi-

tation chaiacteristics were tested. are

identified b\" numbers (1 to 191 Points

were selected to show the HP,,—<^

curx es, i.e. the change in HP^ w ith

the change in

Colour photographs were superim-

posed on the sigma ciuves to show
the appearance of the runner in oper-

ation at the values of sigma indicated.

The photographs were taken in colour

to gi\e better contrast and deíinition,

and to facilitate the stiid\ of the

ca\ itation phenomena and the effccts

of changes in hlade design.

Beechwood Tm bine—Estimated
Performance

Figme 7 shows the estimated h.p.

—elRciencx curve at the rated head
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of 57 feet. Superimposed photogiaphs

showing the appearance of the model
runner operating under equivalent

field conditions of h.p., 0, and sigma,

indicated the absence of visible cavi-

tation phenomena for Beechwood op-

eration.

Model Equivalents for Beechwood
Turbine Performance

Figure 8 shows the model equiva-

lents of HPji and efficiency and the

sigma curves which apply to the

Beechwood turbine at rated head of

57 feet, i.e. = 1.73. The sigma value

at this head is 0.80.

MECHANICAL FEATURES

The mechanical design was largely

conventional, with several minor de-

partures. Throughout we drew heavily

upon our experience with fixed blade

turbines and manually controlled ad-

justable blade wheels.

Of particular interest are the selec-

tion and distribution of various ma-
teriais throughout the machine. Steel

castings, Steel weldments, and iron

castings ali have their own merits

and limitations. At the time of de-

signing for Beechwood, ali materiais

were becoming readily available.

With our own steel and iron foun-

dries, and with the extensive fabricat-

ing facilities of our associates to draw
upon, our designers were not re-

stricted. For each part the selection

was based upon what were considered

to be the most suitable inherent qual-

ities. As will be seen, ali three ma-
teriais were freelv used.

General Description

A concrete casing of the semi-spiral

type leads the water from the up-

stream face of the power house to

the turbine distributor. A concrete el-

bow type draft tube discharges the

water into the tailrace.

Fig. 6. Beechwood turbine setting.
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A cast Steel stay ring of 7 ft. 4

in. distributor width with ten welded

Steel stay vanes carries the super-

imposed loads of the concrete, ma-

chinery, and hydraulic thrust, and

directs the flow of water into the

wicket gates. Twenty cast steel wicket

gates control the speed of the unit.

The head cover is of cast iron ín

three main parts, the outer, inner and
lower sections. The outer and inner

sections are further sub-divided to

facilitate manufacture and handling.

The bottom ring is of cast steel and

divided into sections.

Cast iron servomotors mounted in

a fabricated steel pit liner operate the

wicket gates through a conventional

arrangement of links, levers, and a

cast steel operating ring.

The throat ring is partly spherical

in form, of pressed fabricated plate

steel construction, machined in sec-

tions for handling. A cylindrical upper
portion permits withdrawal of the

runner. The spherical lower portion

hugs the runner, minimizing leakage

past the blade tips.

Thé draft tube liner is the simple

conical type of fabricated steel ex-

tending 22 feet below the centreline

of the turbine distributor.

The runner consists of five cast

steel blades with integral trunnions

mounted in a cast steel hub. Bronze
bushed bearings carr\- the hydraulic

and mechanical loads. A system of

links and levers guided b\' a cross-

head operates the blades under forces

supplied by the blade servomotor
mounted in an enlargement in the

main shaft at the generator flange.

The whole mechanism is flooded in a

light oil topped up through the oil

head. The runner is protected by a
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Fig. 7. Beechwood rating, HP-eff. curve HPj,-eff. and HPjj cur\es.

welded overlay of 18-8 stainless on
the back of the blades in áreas sub-

ject to cavitation and on the tips of

the blades by a one-half inch stain-

less steel stiip welded into position.

The shaft is of steel vvith integrally

forged coupling flanges on each end
ineluding an enlargement at the gen-

erator end for the blade servo cylin-

der. An undercut enlargement near

the lower ílange providas a joumal
for the main bearing. Carbon seg-

ments, running on a stainless sleeve

on the shaft, seal the head cover

against leakage.

An oil bearing of the self-lubricated

type with self-contained sump mount-
ed in the lower head cover central-

izes the wheel. A.C. and D.C. sump
pumps protect the bearings against

any water which leaks into the head
cover past the shaft seals.

The oil head is mounted on the

exciter frame above the generator. Oil

from the governor is conducted
through the governor oil piping and a

system of stufíing boxes, and co-axially

piped within the generator shaft to

the blade servomotor. Movement of

the blades is carried by means of a

rod within the co-axial pipes in the

generator shaft to the oil head where
it is transmitted to the governor
through a series of quadrants and
cables. A small reservoir of oil at the

top of the head maintains a static

pressure on the oil in the runner hub.

Each unit is regulated by an elec-

tro-hydraulic governor. The gates are

operated bv the main servomotors in

response to a speed-sensitive gover-

nor. The blades in tum are actuated

by the blade servomotor, in response

to movements of the wicket gates,

through a cam in the actuator. The
cam is three-dimensional, allowing

manual adjustment of the cam action

to suit seasonal changes in the effec-

tive head on the turbine.

Uiiique Design Features

From the above description, the

unit mav be considered as rather con-

ventional. However, several innova-

tions were incorporated in the de-

sign.

The crosshead in the runner hub,

w liich prevents rotation of the spider

under lateral forces of tlie levers and

\et permits \'ertical motion in re-

sponse to the blade servomotor, is a

steel in\olute spline operating in a

mating bronze guide. These splines

were machine cut with con\'entional

stock gear cutters. Thev provida an

illustration of an application where
advantage can ba takan of the low

cost and high precision inherent in

gear cutting operations.

One of the most succassful innova-

tions was the design of the seals be-

tween the \\ heel blades and the hub.

Kaplan wheels have long been
plagued by leakage at this point. The
problem is to keep the lubricant in the

hub and water out b\ means of a

packing which will not set up objec-

tionable braking torque on the rela-

ti\el\ large diameter of the blade

trunnions. The problem is complicated

b\' the fact that the packing is inac-

Tuniing runner in shop after installation

of blades

Fig. 8. Beechwood equivalents at rating.
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Fig. 9. Beechwood turbine — sectional

elevation.

Fig. 10. Beechwood turbine hub section.

cessible and not easily adjustable.

Furthermore, the design must permit

replacement of the packing without
the tedious and costly dismanthng of

the wheel.

Many existing designs were re-

víewed and discarded after elaborate

laboratory tests. It was found that in

most arrangements the packing was
very sensitiva to adjustment, and the

margín between acceptable limits of

leakage and friction was small. Fur-
ther, the swelHng of the packing due
to absorption of oil or water usually

quickly altered the original adjust-

ment and friction became prohibitive.

The solution finally accepted was
simple. Two round rubber rings

placed between the blade and hub,
separated by a lantern ring vented to

the lower side of the blade, provided
the seal. The design might have been
further simplified by the use of a

single ring, but the complex variation

in water pressure around the blade
stem defíed laboratory analysis and
the two-ring design was selected

as being good insurance of perform-
ance.

The round rings under very slight

initial compression gave surprisingly

low friction. The arrangement pro-
vided ample space for swelling result-

ing froni absorption of oil and water.

It also provided for easy replacement

without removing a blade by the use

of a simple vulcanizing kit. The seal

has met every expectation from the

point of view of both friction and
leakage. There has been no evidence

of water in the hub, and in the earlv

stages oil make-up was limited to one
gallon a week.

The blade bearing design is not

usual in North American practice.

Each blade is carried on a single

journal while the bending moment
of the water load on the blade is

resisted by two opposed thrust faces

acting parallel to the axis of the

blade. Advantages of this design are

not conclusive. The short blade stem
arrangement offered some gain in

foundry practice and provided more
space in the centre of the hub. It

was also the arrangement successfuUy

used in the past in several manually-

controlled adjustable-blade propeller

wheels.

The oil head was conventional in

every respect, and we were surprised

when trouble developed in two forms.

An unpleasant bumping was felt in

the head during certain phases of

governing, and air sometimes entered

the governor oil lines. Air entry was

found to be due to a vacuum pro-

duced at the head by the unusually

low levei of the sump. The cause of

the bumping was traced to an imbal-

anced thrust in the head due to difler-

ent packing diameters in the oil lines

leading to the blade servo. This thrust

reached, under certain oil pressures, a

value of 13,000 Ib. uplift. Through a
flexing of the exciter supporter beams,
this uplift produced a movement esti-

mated as 0.045 in. which registered on
the feedback to the governor as a
false blade movement. The prompt
governor response and resulting

change of thrust on the head caused
sharp movements and hunting of the

blades until a neutral position was
obtained. A short series of sharp

bumps on the platform was the re-

sult.

The existing head was replaced by
a new design with balanced packing
diameters to eliminate the deflection

caused by changing oil pressures.

Low-pressure oil lines were led to

lantern rings between two sets of

packing in each gland to prevent entry

of air at sub-atmospheric pressures.

We still wonder why this trouble

has never been reported before. Per-

haps these problems are always pres-

(contimied on page 99)
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Methods and Trends in

AUTOMATIC COMBUSTION CONTROL

K. D. Sheldrick, Sales Maruiger, District Operations,

Bailey Meter Company Limited

Automatic combustion control is defined, and examples are given of basic con-

trol layouts for oil- and gas-fired boilers, with some methods used in combina-

tion fuel firing. Further exampies inciude controls for a large-capacit>- unit and

simplified control systems for package boilers. Components common to these

Systems are reviewed. New trends in tecliniques have emerged: (a) as regards

solution of the control problem; (b) as regards presentation to the operator.

Two fields of research are discussed briefly, and their significance for future

controls mentioned. The paper finally examines some of the human factors

involved.

AUTOMATIC COMBUSTION
Control may be defined as an

automatic systein which: (1) piopor-

tions fuel and air supplíes for opti-

mum overall economy throughout

full operating range; (2) maintains

steam pressure constant; (3) assures

correct gradient of pressure condi-

tions from combustion chamber
through to stack; (4) notifies and re-

cords operating faults; and (5) in-

corporates centralized means for

manual control and smooth transfer

to automatic. It may also provide
furnace purge, and fan and flame fail-

ure interlocks. The automatic control

of boilers includes several other prob-
lems such as feed water control,

steam temperature control, etc,

which, however, may not be dealt

with in a paper confined to combus-
tion control.

Figure 1 is an automatic combus-
tion control layout typical of applica-

tions to oil-fired boilers of capacities

15,000 to 250,000 Ib./hr. Fuel and
air supply are regulated in parallel

from steam pressure, but with a re-

fining correction of fuel from the

ratio between air flow and metered
oil input.

The area meter, transmitting either

pneumatically or electronically, is

the oil metering device employed,
and where there is continuous oil re-

turn two transmitters are arranged

for subtraction. This is the preferred

arrangement when burning oil alone,

but for the smaller boiler capacities,

provision of the oil meter is often

avoided by applying to air supply a

refining correction from the steam-

flow aii--flow relation of the boiler

meter, as is commonly done with

pulverized coal firing for ali capaci-

ties. The controls for air supply ma>'

be applied to either forced or in-

duced draught or both in parallel. but

in ali cases, except pressurized units.

the proper balance between forced

and induced draughts is secured by
adjusting one of these factors from a

controller responding to the draught

in tlie combustion chamber.

Figure 2 is a diagi-am of correct

doctrine in the application of control

to a gas fired boiler.

Gas flow^ and air supply are primar-

il\- regulated in parallel from steam

pressure. A refining correction incor-

porating reset applied to ga.s flow

from the ratio between metered ai:

flow and metered gas flow assines

precise proportioning for oeak econ-

omy, and affords safet\- by \irtue of

a positive and rapid response in

limiting gas admission to match air

flowing.

EspecialK in oil refineries and
chemical plants with supplies of by-

product gas we enoountor c<">mbina-

tion fuel firing with the requirement

to use as much gas as jxi.ssible. Fig-

me 3 is typical of the solution applied

to this problem on several hoilei-s

varying in size from 60.000 to 100.-

000 Ib. hr. in three diffcront refiner-

ies in Montreal East.
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The master control signal is ad-

mitted to two computing relays for

each boiler. In the first this is corre-

lated with the output of a gas main
pressure transmitter to determine the

signal sent to the gas flow control

\ alve. In the second the output from
the transmitter measuring gas flow

to the individual boiler is subtracted

from the master control signal to de-

termine the signal sent to the oil flow

control valve.

The cams of the positioners of the

oil and gas valves are characterized

so that 1-lb. increments of the master

pneumatic signal produce equal B.t.u.

adinission whether at the oil or gas

\ alve. Such an increment, passing to

the uptake damper control in the

basic parallel response of the control

system, will secure correct basic air

response for either fuel. By properly
correlating the proportional band ad-

justment of the first computing relay,

the appropriate suppression on the

gas main pressure transmitter, and
the range of the master signal, maxi-
mum available gas usage is secured.

The proportional band adjustment
for the second computing relay is

selected so that reductions effected in

oil input will, on a B.t.u. basis, closely

match the increases in gas flow, and
vice versa.

The normal variations in B.t.u. con-

tent in the gas and oil, and in pres-

sure drops across the control valves,

obviously limit the accuracy of the

calibration of the responses of this

gas-oil svvitching system, but the

steam-flow/air-flow controller of the
main combustion control system
stands continuously ready to add a re-

fining signal to modify total air sup-

ply, if needed.

MASTER STEAM
PRESSURE RECORDER
CONTROLLER

STANDATROL

TO OTHER BOILERS—

FORCEO DRAFT
SELECTOR
VALVE

lPTAKE DRAFT
CONTROL DRIVE

ANO FURNACE DRAFT
SONTBOLLER

Fig. 2. Control applied to gas firing.

This scheme is easily added to

existing control systems of correct de-

sign, and can yield highly lucrative

reduction in gases lost to the fiares.

When burning oil and gas simul-

taneously, the complication of requir-

ing two fuel measurements and their

addition render it most practical to

initiate the refining correction from

the steam-flow/air-flow relation and

to apply it to air. Figure 4 illustrates

an installation where positioning one

selector switch permits selection of

steam-flow/air-flow correction when
burning oil and gas simultaneously, or

of gas-flow/air-flow correction when
burning gas alone.

With normal refinery gases and
oils, the cumulative effects of differ-

ence in excess air requirements and

difference in flow effects of the prod-

ucts of combustion for the two fuels,

make it practical to operate with little

Fig. 3. Control of gas and oíl firing in combinatíon.

or no biasing of the corrective signal

established by the steam-flow/air-flow

controller, for the full range of pro-

portions of the two fuels.

Frequently, however, we encoun-

ter a third fuel to be burned in com-

bination, which has an entirely dif-

ferent B.t.u. content. The final check

on excess air proportioning must in

such cases be a recorder of % oxygen

and % combustibles in the flue gases.

As the curves of O2 content versus

excess air percentage for the whole

possible variety of fuels are almost

coincident, analysis of O2 content pro-

vides continuous knowledge of excess

air available in the furnace. This in-

formation may be used for either

manual or automatic correction. The
% combustibles pen, by detecting un-

burned gas in the flue gases, serves

to detect faults in mixing, and in

fixing the practical limits to excess

air reduction. A smoke density record-

er also often justifies itself from the

savings that accrue when guidance is

available to reduce excess air closer

to the economical limit. For ali mul-

tiple fuel firing, including solid fuels

such as pulverized coal and bark,

there is a definite trend to include

continuous anahsis for Oo and com-
bustibles and to record smoke den-

sity. In a great many cases, e.g., re-

finery CO boilers and for auxiliará'

bark burning, recording is quite

indispensable.

For combination fuel firing, good
control SNstem design requires for

each application careful examination

of unit design, of fuel availabilities,

of facilities for air measurements, and
of suitabilit>' of the damper s\ stems

for their control purpose. Figures 3

and 4 illustrate methods adapted to

specific problems and it should be ap-
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preciated that, though alternative ap-

proaches niay be offered, there will

usually be one anangement and
choice of components that can excel

ali otheis in performance.

With the availability of Western
gas in varying quantity, combination

fuel firing will increase, and excellent

answers to its probleins, based on
both refinery and past Western ex-

perience, will be forthcoming.

Figure 5 exemplifies the comple-
ment of components required and
presently being built for a large high-

pressure high-temperature boiler in

Western Canada, with choice of firing

pulverized coal, gas or oil (future).

At the other extreme in capacities

fali the packaged steam generators for

which simplified package control sys-

tems, as illustrated in Fig. 6, are

available. These controls are of the

simplified parallel or ratio variety,

normally without a secondary refin-

ing correction. To merit the title of

combustion control system, however,

the damper drive and oil flow con-

trol valve must include means for

characterizing their traveis so as to

achieve efficient fuel - air ratio

throughout the whole operating

range. In the system illustrated, this

important function is accomplished by
shaping cams in the aii-operated posi-

tioning relays appearing on both

forced draught damper drive and oil

flow control valve.

These package control systems in-

corporate interlocks for fuel shut-off

from flame failure, from low water

levei, and from high steam pressure,

and protective devices to assure low
fire start and a safe minimum permis-

sible fuel supply.

A tendency, shown two years ago,

to specify fully automatic ignition for

industrial package units fortunately

appears to be waning for the causes

which had always inclined boiler and
control manufacturers against it. It

involves an undesirable complexity of

electrical switchgear and relays, which

is normally not warranted, and which
makes fault tracing by the user im-

practical, and results in unnecessary

outage.

Having now \ iewed schematic con-

trol arrangements t>'pical for a wide
range of capacities, let us take a look

at the components. (See Fig. 4.) To
generalize, we find an increasing ten-

dency toward local measuring devices

transmitting a signal which may be
used for indication, recording or con-

trolling or any combination of those

functions. Data continuously essential

to the supervising operator are pre-

sented on grouped miniature indica-

tors, operating faults declaring them-

selves by deviation from acceptable

pointer pattern, drift from set point

or alaiin.

Data necessary only for loading his-

tory, efficiency calculations, preheater

performance, etc, is recorded in re-

lated groupings on universal multiple-

pen intermediate-size recorders. eco-

nomicalh" grouped on a panei that

Fig. 4. Control of gas or oil firing singly.
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Fig. 5. Control components for a large boiler with three altemative fuels.

inay, if necessary, be relegated to the

background.

The signals that are to determine

aiitomatic control enter computing re-

las s which provide proportional band,

reset action, the addition of the re-

fining correction, acceleration, and
other functions as required. A given

signal may be used simultaneously for

tvvo or more control purposes by in-

troduction into separate computing
relays, for example, the steam flow

signal employed in the computation

of the steam-flow/aír-flow refining

correction of the combustion control,

in balance against the feed water

flow signal in three-element feed

water control, and as one element in

steam temperature control. These
computing relays need not be
mounted in the control board, but

may be racked elsewhere.

The outputs from the computing re-

lays next pass to panei- or console-

mounted selector stations which pro-

vide centralized manual automatic

selection and bumpless transfer.

Control is finally effected by the

power drives and valves connected to

receive the signals from these selector

stations.

Two important changes which
emerge from this general considera-

tion constitute trends in technique.

One concerns the solution of the con-

trol problem, and is the adoption of

the building block method employing

standardized interchangeable and in-

dependent components. The other

concerns data presentation and per-

mits increased supervision per oper-

ator, by concentrating only indica-

tions of the essentials and the selector

stations within reach of the operator,

with the recorded factors in secondary

prominence.

Perhaps the most important single

factor in the success of the building

block method is the achievement of a

true universal recorder of interme-

diate size, precision built, with inter-

changeable plug - in components,

dowelled, precalibrated and pack-

aged. Figure 7 illustrates the exterior

view, Fig. 8 the four positions for

plug in components. Figure 9 shows
the three most common standard com-
ponents, namely, pneumatic and elec-

tronic receiving elements and the in-

tegrator. The pneumatic element can

receive a standard pressure signal

ranging from 3 to 15 or 3 to 27 psig.

proportional to any factor such as

flow, temperature, pressure, levei, etc.

The electronic receiving element is

available in a wide range of measur-

ing circuits including Wheatstone
bridges, impedance bridges, potentio-

metric circuits suitable for voltage

range spans from 2 mv. d.c. and up,

etc, as required for the wide variety

of factors to be recorded.

A multitude of receiver combina-

tions are offered from these three

components alone. Universality is

completed by the availability of sev-

eral further plug-in components such

as the pneumatic controlling element,

pneumatic transmitter, and direct-con-

nected pressure element illustrated in

Fig. 10.

An ingenious new inking system

eliminates the mixing of recording

inks by crossing records, and requires

annual instead of daily attention. The
reduced size of the receiver coupled

with the new degree of record defi-

nition provides clarity of observation

and interpretation for multiple rows

of receivers on the same panei, re-

sulting in a degree of panei economy
unequalled by other methods.

Figure 11 illustrates the trend in

technique of data presentation as

described above.

As might be expected, current de-

sign often mixes former and new
techniques as physical conditions and
economy dictate best for any given

plant. Pneumatic transmissions may
intermingle with direct-connected in-

struments, and selector stations and
miniature indications ma>' fali on an

inclined shelf integral with the

recording panei.

In marine practice the same trends

both in method and in data presenta-

tion are to be observed. In fact, space

limitations and shock specifications

imposed by naval design shared with
central station needs in shaping their
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Fig. 6. Package boiler control.

evolution. As opeiating lesults from
automatic operation have become
more widely known, there has de-

veloped an insistent demand in the

new marine construction for guiding

and recording performance. It is to

be expected that present fuels will

persist for some time in both mer-
chant marine and naval boilers.

If in any doubt as to the import-

ance to warships of extending tlieir

fuel potential, contemplate for a

moment the Battle of the Bismark,

when Sir John Tovey, Commander in

Chief of Britain's Home Fleet on
H.M.S. King George V, after four

days and nights of chase and search,

himself came near to having to quit

the area without bringing the Bis-

mark to action, because he was ap-

proaching the limit of his fuel tanks,

and when the destroyer Mashona
was sunk after the same action, be-

cause she had overstayed her fuel

supply and was condemned to a slow

speed return to base.

For this reason, those who ponder
naval tactics will find it difficult to

believe that atomic plants will not in-

evitably power both suhmarincs and
the larger surface vessels. The added
techniques for instrumentation and

control as required for differing t\pes

of reactors, their steam generating

and auxiliary systems have already

been successfulh' \\orked out.

Electrical combustion control is

again recei\'ing attention in research

and development departments in an

effort towards impro\ement. The
search continues for a simple electri-

cal power unit capable of speed and
precision comparable with that of the

hydraulic or pneumatic power c\lin-

der. The con\ enience of electrical sig-

nals for admission to printout and
coniputing circuits adds some stimulus

to this research.

The trend toward centralizing as-

sentia] and related data in compact
form has extended itself in steam elec-

tric generating stations to include the

combining of control centres for boil-

ers, tinbines, auxiliaries, and (where
applicable) load dispatcliing, in a

single control centre. The results ha\ e

been a decrease in svipervisory and
maintenance cost and improved per-

formance through better coordination.

Ob\iousl\-, in the control of the

combustion process we ha\e for some
time been close to the possible op-

timum in econoniy, reliabilit\-, and
flexibility. There still remains one

area w here an adx ance is being mad(
As in the past, its potential in tht

large steam electric generating st.,

tion has provided the justification fo

its investigation. On the larger uni;

fractioiíal percentages in efficienc

represent man\- thousands of dollarv

and small variations in the efficienc

of boiler, turbine, feed heating, an.

condenser svstems continualK occii

and are oftcn difficult to anahzt
There is also the fact that on intei

connected power sxstems, large sa\

ings reward the most economical ii

cremental loading, and planning thi-

demands precise deterniination of un'

performance.

It became apparent. tlierefore, that

an auxiliar\ amiplement of instru

mentation might \ield the desirod rc

sults. Of tliis, one part \vo\ild hav e tr

be of the liighest possible precisior

and coupled to a compiitcr w ith ana
logue record for perfomiance monitor
ing. The remainder would he com
prised of numerous priniarx' mea.siuf

ments connected with .selecti\e fast

scanning, digital printout, and pro

gramming for fault analysis and sys-

tem stud\

.

W here design of operating puide^

and Controls had required rugged i-e-

liability and rejx^atabilitx under con-

tinuous operation without instrunient

outage. thi.s auxiliarx' instnmientation

66 THE ENGINEERING JOURNAL—FEBRUARY.



I must be free for frequent lemoval

from service for calibratioii checks,

and the service of the scanning and
programming equipment need only be
intermittent. Moreover introduction

of this auxiliary equipment could per-

mit further simplification of the basic

instrumentation provided to guide the

operator. Also the user's need for large

departments for result determination,

interpretation and record could be
elíminated. Figure 12 schematically

illustrates this approach, which is al-

ready adopted in some plants in the

U.S.A. and under study for others.

The success of this approach in-

volves meeting several further re-

quirements than does the application

of computers in business, and prog-

ress is being made in three main fields

of activity.

(1) proper selection of, and im-

proved precision in primary measure-
ments;

(2) the development of a high qua-
lity continuous performance computer
with lock out on component faikue;

and

(3) considerable improvement in

existing data programming equipment
to increase operating time and reduce
maintenance.

. Performance determining equip-
ment, as illustrated in the centre

group of Fig. 12, may dehver con-

tinuous information of boiler, turbine,

and heater cycle efficiencies, turbine

heat rate, cost per M.w.h. output, etc.

and deviations of the same from stan-

dard.

Figure 13 is a simplified schematic
of one method of derivation of typical

information. Standard electrical sig-

nals proportional to selected accurate

measurements, and certain manually
set signals derived from known data

and tests, enter computing and com-
parison circuits whose recorded out-

puts represent performance and de-

viation from standard.

For boiler performance determina-

tions, the recognized accuracy of the

heat balance method has pointed the

way to the selection of feed water

fiow, excess air percentage, and the

appropriate water, steam, and gas

temperatures as the correct basic

data. Questionable steam measure-

ment at high pressures and tempera-

tures, where steam table values have

been based more on extrapolation than

determination, may be completely

avoided. Typical problems of precision

are the vvick effect of thermometer

wells and choice of representative

sampling points for flue gas tempera-

ture and analysis.

The fact that errors in determina-

tion of heat losses in flue gas, ash,

and radiation show up in boiler ef-

ficiency calculations at approximately

one tenth their own percentage, con-

tributes to precision.

The test equipment represented by
the group at the right of Fig. 12 may
be designed for any studies intended

whether simple or complex. Figure 14

illustrates components of a system

Fig. 9. Pneumatic and electronic receiving elements and integrator.
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Fig. 10. Pneumatic transmitter, pneumatic controller, and pressure element.

designed to analyze the operation of

a large steam generator. At the touch

of a button, analogue scanners con-

nected to accurate measuring devices,

begin to gather sequentially selected

data. The analogue signals, certain

preset data, commands to the com-
puter, and necessary distinguishing

symbols are digitized, piopeily se-

quenced, and punched in code on
continuous tape for transmission by
teletype to a remote electronic com-
puter for processing.

In Fig. 14 the digitizer is the cab-

inet at the left, the control console

is in the centre with the tape perfor-

ator mounted above it, and the tele-

type transmitting equipment appears

at the right.

Having been automatically coded in

the form suitable to the computer, it

can be quickly processed mathematic-

ally and the results sent back to the

boiler site by teletype.

In the past, when proving out a

new steam-electric unit and determin-

ing optimum operating conditions, the

requisite analyses have often required

weeks of work by a team of test spec-

ialists. This new method of data gath-

ering and processing shortens this to

minutes, provides performance data of

a type previously unobtainable, and is

e.xpected to soKe problems that hith-

erto defied analysis. As it need be used

only intermittently and for short per-

iods, one assembly of equipment can

be connected to test an\ boiler that

has the necessary primar\- measuring

elements. Likewise it can be moved
from plant to plant. On large and

complex units, a permanent installa-

tion for frequent test may, however,

be justified.

Until reliable synchronized and re-

lated infonnation and the effects of

\'ariables are capable of rapid coni-

putation, a complex process cannot

be thoroughly understood and the po-

tentials from the control of its com-
ponents cannot be evaluated. Import-

ant need for probing additional data

points and analyzing their relations

may ha\e completeh' escaped atten-

tion. However. scanning and digital

printout alone achieve little. It is

when tliey become a means to the

prompt examination of immediateh'

processed test and fault calculations,

and there is a continuous presentation

oí computed performance and devia-

tion, that the objectixe ma\ be

achieved.

.\ \\ hole \ ista of possibilitiej! opens

out for good data scanning, if coupled

w ith system anah sis and perfonnance

computing, for large boilers, for a

broad range of equipment associated

with theni and for man\' continuous

flow processes. The example of the

jiast wduld suggest that simplified

fornis of thi.s equipment might be ex-

pected to find a place on boilers of

intermediate capacities for design

studies, boiler trials, and for operating

guidance.

Engineering Personnel

The most impovtant factor in otin-

trol development being engineerinp
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Fig. 12. Schematic of instrumentation arrangement for opera-

tional guidance. performance determínation, and test.

Fig. 13. Schematic of analogue type performance determination.
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Fig. 14. Equipment for digital printout. programming, and teletype transmission

lo electronic computer.

personnel, it is fitting that we should

appiaise them and note their diiec-

tion.

Biologísts and stiidents of piehistoiy

have pioved one billion years of life

and at least tvvo hundred thousand

years of human occupation on this

planet, and that natuie laid down
inuch of the eai"th's resources of fóssil

fnels (coal and oil) at least two hund-

red million years ago.

Modern man, multiplying nnre-

strained at a rate which could shortly

outriui the earth's supply of chemicals

essential to life, such as phosphorus,

seems bent on exhausting the energ>'

resoiuces. He is beginning to pillage

tlie energy stored in uranium ores

w ith equal abandon.

In an age which is certain to be
looked back iipon as one of irrespons-

ible waste, the instrument engineer

and technician have made conser\a-

tion their profession.

Two trends developing among Can-
adian instrument personnel nierit at-

tention, one inviting correction. the

other gratitude.

The economias of manufacturing

specialized products for large as

compared with small markets, and the

forces affecting the training and em-
plo\ment of technical personnel ha\e
tended hea\ily to deveiop far too

great a dependence upon the re-

(Continucd on page 79)
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The Role of the

TECHNICAL ASSISTANT

in Industry

J. R. Houghton, M.E.I.C. Assistant Works Manager,

Northern Electric Company Limited, Montreal

AGREAT DEAL HÁS been said

in recent yeais on the use of

technicians or technical assistants in

engineering woik, and particularly

their relationship with professional

engineers in carrying out such work
for industry.

The use of technical assistants in

industry warrants study and discus-

sion by engineers. It should be in-

teresting to ali of us because the

great majority of engineers are now
employed in industry of one kind or

another. The real interest is probably

not so much the present role of tech-

nical assistants but rather how tech-

nical personnel ought to be used in

engineering industry and what action

can be taken to improve their posi-

tion in the future. There has been

a tremendous growth in industry,

particularly in the technical aspects,

and the engineering profession has

not long been widespread in indus-

try. The prospects for industrial ex-

pansion in Canada and the increas-

ing technical complexity in ali

branches of industry present a defin-

ite problem in the efficient assign-

ment of scientists, engineers, and the

various leveis of technical personnel

to technical work. Whether or not

there has been a shortage of engi-

neering and technical personnel,

there is no doubt of the future short-

age problem unless vve find ways to

improve the utilization of technical

manpovver and to establish vvorking

assigninents which challenge the po-

tential of each of the leveis of tech-

•Former president, Massachusetts Institute

of Technology; special assistant to the
President of the United States.

nical skill available to industr\'.

Dr. James Killian" stated not long

ago that the expansion of industry

will only be possible if there is an

adequate supply of scientists, engi-

neers, and technologists. He said that

the shortage was perhaps not a gen-

eral shortage of numbers as much as

a shortage of specific talents and
skills, that is, a shortage of the more
highly talented. This shortage is

probably accentuated by the inade-

quate use of the talent available.

Though technically trained men
are used in many industrial fields

—

in production, inspection, sales, pur-

chasing as well as in engineering de-

partments this discussion is limited

to the use of technical assistants on

engineering work, and the subject

regarded froni the point of \ie\v of

the engineer and the administration

of the engineering function in in-

dustry.

DEFINITIONS

The first difficulty is that of de-

fining technical assistants, techni-

cians, technologists or whatever other

term may be used for this overall

group of skilled people working in

the engineering áreas of industry.

Technical assistant can be consid-

ered as covering a wide range of

personnel whose skills extend froni

craftsmen to professional engineer.

A comprehensive definition devel-

oped by the Conference of Common-
wealth Engineering Institutes is: "an

engineering technician is one who
can apply, in a responsible nianner,

proveu techniques which are com-

mon]>' understood by those who are

expert in a branch of engineering or

in those techniques especially pre-

scribed b\' professional engineers.

The techniques emplo\ed demand
acquired experience and knowledge
of a particular branch of engineer-

ing combined with the ability to

work out details of a task in the light

of well-established practice".

More simph, technical assistants

in engineering are those who, al-

though not professionally qualified.

are capable of undertaking assign-

ments which require more formal

education and more theoretical

kno\\ledge than is required b\- the

skilled craftsmen. On the other

hand, the technical assistant is parti-

cularh' iiseful on these assignments

because of the practical skills and
abilities which he has. Technical as-

sistants' work then involves some of

the knowledge of the professional

engineer and the skills of the crafts-

men.

The classical distinction between
engineering and technical work is

that the engineer plans while the

teclmical assistant makes and does;

the engineer creates, tlie technical

assistant applies.

LE\ ELS OF TECHNIC.\L .\SSIST.\NT

It is ohxious from these attempts

to define technical assistants and
their assignments that a ver\- broad
field is involved; a tremendous vari-

ety of jobs which require \arious

leveis of skills and of training and
of educational background. Somo
skilled craftsmen graduate into tech-
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nical assistant assignments. For ex-

ample, a toolmaker may demonstrate

a flair for drafting and design or for

technical trouble-shooting and bring

his toolmaking and metal-working

skills and training into use to good
advantage in these fields even al-

though his educational background
may be high school or technical

school graduation or less. On the

other hand, technical assistants with

an educational background of júnior

or technical college of one type or

another may be capable, for in-

stance, of undertaking the detailed

design and prove-in of complicated

electrical test facilities, relieving the

design engineer for the more funda-

mental planníng and circuit develop-

ment engineering.

JOB DESCRIPTION
To me, this is the principal area for

discussion and for improvement.
Those of US who are involved in ad-

ministering engineering work in in-

dustry must develop better ways of

defining or describing the different

types and leveis of technical assign-

ments involved in carrying out the

engineering departments' work. This
is primarily job description, but with
a difference because it is necessary,

with increasing technical content of

the assignment, to define the skills

and characteristics of the man re-

quired to perform the job as well as

to describe the job itself. Only in so

tackling the problem can we sub-

divide job assignments to get full

efficiency from the various available

leveis of technical personnel.

A fundamental point is that this

job description or work assignment
analysis involves defining both the

technical skills and the educational

background which are required for

a technician to meet the needs of
the various leveis of work in an en-

gineering department.

This is quite a difficult problem,
perhaps particularly in Canada,
where industry is relatively young
and technical education is certainly

still very young. Not only is there
a need for more technical institutes

at the post-high-school levei or jvniior

colleges but there is also a need for

a national educational standard; that
is, some means of comparing tech-
nical education and training, such as

the National Certificate system in

England, which has become so well
known in this country in recent
years. Such a system not only pro-
vides for the recognition of the edu-
cational background of a technical

assistant but also provides the means

for a technical assistant to progress

from one levei of education to an-

other in a planned and recognizable

manner. But this takes time and

there are other things which can be

done in the meantime.

ENGINEERING ORGANIZATION
IN INDUSTRY

In order to bring some of these

statements into focus, let me discuss

briefly the organization of some of

the engineering functions in my com-
pany, which is fairly typical of man-
ufacturing industries, at least in the

problems involved. The company,
which requires a large engineering

and technical staff both in the en-

gineering design and in manufactur-

ing, is organized on a divisional basis

and there are several engineering

departments associated with the div-

isions. In common with other com-
panies, we have developed a fairly

detailed technique for evaluating dif-

ferent leveis of work and types of

jobs, but there is still difficulty in

deciding just which jobs can truly

be classed as technical assistant to

engineering work. Taking as the

criterion the higher leveis of tech-

nical work, however, there is at pres-

ent a ratio of technical assistants to

engineers of approximately 1:1

throughout the engineering depart-

ments. This compares with a ratio of

approximately 1:2V2 in 1949. We
have put a lot of study in recent

years towards increasing the direct

support of technical assistants to en-

gineers, but we still have a long way
to go. Some studies suggest that,

within the next ten years, this ratio

will have changed to nearly 2 tech-

nical assistants for each engineer.

To illustrate, the manufacturing
engineering organization in one of

our larger manufactming divisions is

responsible for: (1) determining the

methods of manufacture which shall

be used for each product; (2) pro-

viding the facilities for manufacture;

(3) developing the manufacturing

shop layouts and issuing manufac-
turing instructions and specifica-

tions; (4) developing each new prod-

uct and the facilities involved into

a production unit; (5) cost-reduction

engineering throughout the manufac-
turing shops; and (6) the provision

of engineering and technical advice,

assistance and trouble - shooting

throughout the manufacturing shops.

The organization includes methods
engineering for manufacturing and
associated with the trades groups

(toolmakers, electricians, millwrights,

etc); mechanical design (machines

and tooling); factory engineering;

and electrical test facilities design.

Much of this work involves top

levei engineering. It requires both

the specific knowledge and skills of

the Professional engineer and his

broad analysis and appreciation óí

the relationship of the engineering

problem to the overall business prob-

lems. Much of the work however

can be, and should be, handled by

technically-trained men associated

with the engineers. There is a wide
variety of work, and hence the op-

portunity to make use of a variety of

skills and leveis of training either

independently or in combination.

Some of the categories of technical

work have been selected to illustrate

the functions of technical assistants

and also the background of exper-

ience and education which is con-

sidered desirable.

TECHNICAL ASSISTANT
ASSIGNMENTS - MANUFACTURING
A. Technical Assistant, Grade 1—

Shop Methods

Functions — (1) Assists engmeers

on routine technical problems en-

countered during manufacturing. (2)

Follows up delays in paper routines

involving shop layouts and checks

these against standards for errors.

(3) Gathers infonnation on shop out-

puts, material handling routines,

shop equipment, as directed by en-

gineer.

Educational Requirements—Grad-

uation from high school (júnior mat-

riculation) with practical technical

experience equivalent to SVz years

of training (equivalent to 7 to 10

years' service), must have mathema-
tical ability and interest in science.

B. Technical Assistant, Grade 2—
Manufacturing and Inspection

Layouts

Functions — (1) Prepares layouts

for manufacturing and inspection

processes. (2) Calculates quantities

of raw material needed and deter-

mines dimensional requirements. (3)

Calculates weight of plating surface

áreas, etc. for manufactured parts.

(4) Determines manufacturing se-

quence and equipment to be used
and specifies particulars such as

speed and feeds for production equip-

ment. (5) Decides sequence and
number of inspection operations and
specifies packing methods. (6) Con-
ducts shop tests on practicability of

revised la>outs.

Educa tional Rcquircmen ts—Grad-
uation from technical school plus 5^2

years of planned training (equi\a-

lent to 11-16 years of service).
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C. Technical Assistant, Grade 3—
Pnxhict Plamiing

Fuuctions — (1) Analyzes new
drawings to determine if parts are

to be made internally, sub-contract-

ed or purchased. (2) Recommends
internai manufacture if savings are

evident. (3)- Assigns manufacturing

routine and makes a preliminary

estimate of tooling costs. (4) Ana-
lyzes quotations from purchasing

dept. and designates source of supply

on items to be manufactured outside.

(5) Deals with engineers, manufac-
turing groups, tool design, and pur-

chasing.

Ediicational Requirements—Grad-

uation from technical school plus 6V2

years of planned training (equiva-

lent to 13-20 years' service).

D. Technical Specialist, Grade 4—
Shop Methods

Functions — Investigates and
settles technical problems in the pro-

duction shop and expedites material

flow when technical problems are

limiting feature. Handles portions of

development projects. Works under
minimum guidance from engineers.

Educational Requirements—Grad-
uation from technical school or J*^*-

nior Matriculation with additional

related technical courses with 5 to

6 years planned training (equivalent

to 15-18 years' service).

TECHNICAL ASSISTANT
ASSICNMENTS-FACILITIES

DESIGN

A. Technical Assistant, Grade 1—
Test Facilities Development

Functions — (1) Assists engineers

in the development and improvement
of electrical test equipment. (2) Pre-

pares and modifies specifications for

less complex equipment units under
engineering supervision. (3) Proves
in test equipment and uses labora-

tory equipment such as meters, oscil-

liscopes, bridges, analyzers, etc.

Educational Requirements—Grad-
uation from technical school plus

added courses in radio and elec-

tronics, or three years' course at Ry-
erson Technical College, or equiva-
lent, plus 3 years of planned training

(equivalent to 6-9 years' service).

B. Technical Assistant, Grade 2—
Test Facilities Design

Functions — (1) Develops and de-

signs test equipment for process and
final inspection under the supervision

of sénior engineer. (2) Compiles in-

structions on technical description of

equipment. (3) Investigates shop
complaints regarding the need for or

the use of test equipment.

Educational Requirements—Grad-

uation in electronics from a technical

college similar to Ryerson, plus 4V2

years of planned training (equivalent

to 9-15 years' service).

C. Technical Specialist, Grade 3—
Die, Jig, Fixture Design

Functions — (1) Designs complex

dies, jigs, and fixtures as required

in the manufacturing of intricate

parts for telephone equipment and

apparatus. (2) Works under mini-

mum guidance from engineers.

Educational Requirements—Grad-

uation from technical school with

additional formal study on mechan-
ical subjects such as tool design,

metallurgy, etc, or holders of tech-

nical certificates such as HNC from

the U.K., plus 8 years of planned

training (equivalent to 15-20 years'

service).

Some typical technical assistant

assignments have been described to

bring out some of the problems in-

volved. Many of these jobs which can

be handled by the top qualified tech-

nical assistants are very close to the

function of the professional engineer

in the field, in fact, it is difficult to

develop the difference in a straight

job description. The difference exists

—first, in the narrower field of spe-

cialization of the technical assistant,

and, second, the broader approach

to the problem by the engineer as

compared with that of the technical

assistant. There is thus the complica-

tion of the amount of skill, ability,

and actual training of the particular

engineer or technical assistant as-

signed to a given area. It must be
recognized that the younger less-ex-

perienced engineer or "engineer in

training" may be less competent than

a senioi' technical assistant in hand-
ling a particular job. In his early

years, an engineer must undertake

work which might be described as

of technical levei in order to gain

the necessary practical experience to

develop his full potential. He can

and does learn from technical as-

sistants. Thus we find o\erlapping

of assignments in an engineering de-

partment, between engineers and
technical assistants, and therefore

overlapping of grade ranges.

Truly to perform the engineering

function requires a full professional

engineering education and the abilit>'

to apply this knowledge creati\el\'.

To do this an engineer must add
practical experience to his funda-

mental knowledge. The successful

engineering technical assistant re-

tinires high skill in at least one tech-

nical specialty and, as he succeeds

to higher levei work, he must add
to his practical skills a continuously

higher levei of education. The de-

gree to which a technical assistant

approaches professional status is dif-

ficult to define and is really a matter

of individual abilit>'. A measurable

levei of technical education is need-

ed, and means should be available

for technical personnel to add pro-

gressive stages of such education and

to obtain tangible recognition for it.

FUTURE ROLE OF TECHNICAL
ASSISTANTS

There seems to be no doubt that

we will need more engineers and

more technical assistants in industr\"

in the future. Fifty years ago, the

ratio of technical personnel to others

in industr\' was 1 in 300; now it is

more like 1 in 50. This trend is in-

creasing as a result of technological

improvements in products and in

manufacturing processes. In my
compan>\ the current ratio of tech-

nical emplo>ees to total is 1 in 20

and analysis indicates that 10 \'ears

from now this ratio is likeh' to be 1

in 12.

If we accept the fact that there

is a need for scientists, engineers,

and technical assistants, we ought to

discuss what action can be taken to

help fill this need. Specificallx", what
can the engineering profession do to

assist in improving the supply and
the calibre of technical assistants for

engineering work? What ideas do en-

gineers have and what steps can they

take to bring these ideas into .iction?

Both at E.I.C. and at C.P.E.Q. there

are committees studxing this prob-

lem. Also the A.P.E.O. recently acted

to encourage the recognition and es-

tablishment of standards for v^arious

leveis of technical assistants.

It seems there are three áreas in

which to work.

(1) There is the work which can

be done in industry by engineering

departments and administrators. This

in\ ol\ es anah zing the sources of

people who can be dexeloped into

technical assistants of one levei or

another. Sources which exist now are

the high schools, technical institutes.

and such technical colleges as are

already in operation. A principal

source is existing industrial staff who
can be dex eloped to become capable

of handling technical work. lndustr\-

is alreadx doing a lot of training to

improve the abilities of its eniploxees

for technical work, but on predicted

needs for the future niuch more
training or training of much greater
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numbers is needed. However, engi-

neers can only do this if they can

justify the costs to management.

Industry is eternally interested in

avoiding any unnecessary expenses.

If we honestiy believe that we can

improve the efficiencies of our engi-

neering departments by making great-

er use of technically skilled people,

then we must demonstrate to man-
agement that the costs of developing

technical assistants are justified by

the resultant savings.

There are many ways of developing

technical assistants. Internai training

programs can rotate employees

through desired experience and give

them specific courses in the techni-

cal skills required. Tuition refund

plans enable employees with suitable

qualifications to take evening studies

in desired subjects. We have a long

way to go towards the use of the

system of part-time day release for

educational study, which is very

common in the U.K. through the Na-
tional Certificate system.

(2) A second means of augmenting
the supply and the calibre of tech-

nical assistants exists through im-

proving and making available more
facilities for evening study. A press-

ing need here is for the development
of a standard of comparison for eve-

ning study courses so that credits

can be given of recognized status.

(3) The third area for action, par-

ticularly in Canada, is technical

education and training at technical

institutes. In ali recent Canadian

conferences on educational matters,

and also in the study work done by

organizations such as the Industrial

Foundation on Education, it is gen-

erally agreed that there is a need
for a decided increase in the number
of technical colleges of the post-

high-school levei in the various prov-

inces of Canada. Quebec has an ex-

cellent set of technical institutes but

is low on facilities for education be-

tween the levei of these technical in-

stitutes and the university levei. In

Ontário, Ryerson Institute is the best

example of the higher levei technical

college and there are other institutes

of this type beginning to operate or

under organization in at least three

other cities. There is no question but

that Canada will need more univer-

sity graduates, and therefore more
universities or radical expansion of

existing ones, but at least the uni-

versities exist, whereas to fill this

sub-professional gap it is necessary

to bring into existence many techni-

cal colleges or institutes. If the en-

gineering profession really believes

this future need for technical assist-

ants exists we ought to be able to

help analyze the need and we should

be able to assist in organizing the

means to fill the need.

CONCLUSION
I have attempted to outline some

thoughts concerning the role of tech-

nical assistants in engineering indus-

try, from my own experience, and

have attempted to be practical. Per-

haps the points I have tried to make

can be summarized:

(1) Certainly there is a growing

need in industry for well-trained

technical assistants.

(2) There is a need to develop a

system of recognized status for

technical assistants.

(3) This recognition should provide

a stimulus for technical assistants to

continue to improve their levei of

competency.

(4) Improved educational facilities

are required to provide for this im-

provement in status.

The aim should be to provide edu-

cation and training to develop ali

technical personnel to their maxi-

mum potential. The engineering pro-

fession has a definite interest, and

should be able to assist in improving

the future assignments of both tech-

nical assistants and engineers in car-

rying out engineering work.

We are constantly reminded that

the rate of technological progress is

increasing dramatically and that more

thought must be given to these prob-

lems of increasing our capacity for

engineering and scientific progress.

BEECHWOOD (contlnued from page 55)

The reactance relay for distance

measurement is unaffected by are and
tower footing resistance. The relay

scheme adopted may be extended and
carrier relaying utilized if required
in the future. Three-phase, high speed
reclosure may be added if required.

These relays may be applied to paral-

lel lines having appreciable mutual
coupling by cross-connecting the cur-

rent transformers in the parallel lines.

For the phase-ground fault relays, a

scheme of sound phase compensation
is used to ensure correct selection of

the protecicd zones.

Of interest in connection with the

relay installation at Beechwood is the

relaying for the 69 kv. tie line with
the Maine Public Service Company.
The relay scheme is as listed above
and, in addition, carrier relaying was
added to give instantaneous clearance

at both ends of the line for faults

over the entire length of the line.

This installation has an international

aspect, and required the coordination

of the following apparatus by the

several engineering groups concerned.

(i) Identical protective relays were
supplied for the two ends of the line.

These relays are of the same type and
manufacture, and were supplied by
American and Canadian manufacturers

respectively.

(ii) High speed, three-phase reclos-

ing relays of different manufacture,

but having similar dead time inter-

vals, were supplied at each end of

the line.

(iii) Identical carrier installations

were provided for the two ends of

the line. These two carrier installa-

tions were engineered in the Montreal

office of the supplier. The equipment
was manufactured in Europe and sup-

plied through the Canadian and Amer-
ican offices respectively.

(iv) Different circuit breakers were
employed on the two ends of the line.

The circuit breaker at Beechwood is

an air blast breaker of European de-

sign and Canadian manufacture. The

breaker at Flo's Inn near Presque Isle

on the American end of the line is a

bulk oil breaker of American manu-

facture.

It is pleasing to report that extrem-

ely satisfactory collaboration was

achieved among ali parties concerned

in this rather interesting sample of

international cooperation on the tech-

nical levei.
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INSTRUMENTATION
IN INDUSTRY

PULP AND PAPER
In the entire Canadian pulp and

papei" industry it has been determined

by the instrumentation committee of

the CPPA that the vakie of instm-

ments used today is close to $23 mil-

lion or some IV2 per cent of its total

capital investment. There are almost

60,000 instruments in use. The largest

number used by any one company is

3,000 and the smallest number used

is one. Specialty paper mills are the

most highly instrumented, while

newsprint mills use the fewest with

1 unit per ton of capacity.

Statistics of the Industry

Canada's Pulp and Paper Industry

is one of the few leaders in manufac-

turing which can boast of a yearly

output valued at more than a billion

doUars. Four-fifths of the total output

moyes abroad. Almost a third of the

U.S. wood fibre requirements comes

from Canada. Pulp and paper ac-

counts for about 5 per cent of Can-

ada's gross national product. In 19.57

the 6.4 million tons of newsprint,

10.2 million tons of wood pulp and

some two million tons of paperboard

and building papers was valued at

almost $1.4 billion.

There are eighty pulp and paper

companies operating some 130 mills

in eight provinces, and employing

some 335,000 workers in forests and

mills. Canada has 26 companies mak-
ing newsprint. They operate 146

newsprint machines in 42 mills with

a combined capacity of six million

tons yearly. Paperboard plants turn out

900,000 tons a year, valued at $125

million. Output of wrapping papers

and fine papers at another 900,000

tons, valued at some $135 miUion

yearly, is produced in 28 mills.

During 1958 the industry as a

whole operated at about 80 per cent

of capacity at mid-year, a new low

for the operating ratio, but showed
a modest recovery during the last

half of the year. The overall demand
for the indu.stry's products declined

This is the second in the series

of articles on instrumentation in

twelve Canadian major industrial

groups. It deals with instrumenta-

tion in Canadian Pulp and Paper

about 5 per cent from the previous

year.

From replies to a questionnaire

recently circulated by The Engineer-

ing Journal among Canadian pulp and
paper manufacturing companies, the

following information as to the extent

and practices of instrumentation in

their respective mills is summarized.

The information given, it is hoped,

will not only be of value to instru-

ment engineers within the pulp and
paper industry itself, but will be use-

full to other industry groups whose
instrumentation will be covered in

articles of this series in subsequent

issues as a comparison with their

experience.

Power is Metered or Checked

Power consumption by pulp and

paper mills, including use for driving

machinery and for electi'ic-steam boil-

ers, represents a greater portion of

total production cost than obtained

in most other industries. It is there-

fore generally found that both input

of pmchased power and output of

developed power are metered or

checked. In cases where the local util-

ity serves few other customers. of

course, this metering is less than nec-

essary.

Steam Power Plant Instruments

and Tlieir Uses

Widespread use of instruments is

found in the steam power plants for

combnstion control on thcrmal units.

and for ílow, fecdwater, fnrnace teni-

peraturo, gas and air flow. Some steam

plants have automatic pressurc record-

ers, steam flow meters on main steam

mills at various plants across Can-

ada, producing sulphite, pulp,

paperboard, kraftboard, bleached

kraft, crepe wadding, newsprint,

and fine and specialt>- papers.

lines and de-superheater controls on

some of them, liquid levei recorders.

levei controls on water tanks, timer

controls, etc. The larger mills often

have typical combustion control on

main boilers and miiiimum base load-

ing control on others, while else-

where turbine flow meters and le\el

controls for pressure reducing etc. are

used. A recent innovation is contin-

uous watch over the furnace hy T\".

Capital costs per mill for steam-

plant instruments only, exclusive of

installation costs, vary from between

•SI,000 up to as much as 8100,000

for a medium-sized fully automatic

mill. On larger mills steam-plant in-

struments may represent an invest-

ment of $185,000 and even more in

some instances.

Instruments are used by ali ctmi-

panies reporting on steam processing

plants for process control. and pres-

sure reducing stations are frequentU

found throughout the plants. In some

smaller plants heating is taken from

steam mains. In no case did replies

indicate separate plants were niain-

tained for heating and power.

Who Specifies tlie Requirements?

The practice for detennining in-

strument requirements for steam

boiler plants appears to be to rely

on the experience of the Company 's

engineering staff, and or the instru-

ment .section of the control dept. and.

occasionalK . of mill personnel. For

boiler house sxsteni design, adxice

is sometinies sought from insti-ument

\endois. particnIarK in spccial cases.

Here. il depends on the size of the
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mill and the complexity of the iii-

strumentation desired.

Instrumentation in Processing Plants

Most of the mills reporting, re-

gardless of size or end-products, had
been established 30 to 40 years ago.

From their replies it was evident that

prior to 15 years ago instruments

vvere not widely used except in the

boiler plants. It has been only during

the postwar period that most of them
have invested heavily in instrumenta-

tion for processing, and particularly

during the past five years. One of the

oldest newsprint mills in Canada,
however, reported process instru-

mentation had been installed in its

original plant 44 years ago.

Instrumentation is used in large

up-to-date paper mills in their pro-

cessing for measuring or controlling

temperature and pressure, flow, acid-

ity or pH, stock consistency, levei

humidity, differential temperature and
pressure, position, fuel and wire guid-

ing, weight, flow ratio, basis weight,

moisture of paper, speed and speed
ratios. Control of the cooking cycle in

digesters is effected by the control

of temperature and pressure, while
the proper liquor charge is controUed
by measurement of levei. In washers,
control is effected by control of flow
and the consistency of the stock.

Levei recording of the various stock

chests is the basis of control in the

screen room, with flow controls for

the supply of alum, sodium silicate,

etc.

On the paper machines there is a
speed recorder, and level-control on
the head-box, with control of dryer

temperature by temperature or pres-

sure. Consistency is also recorded and
regulated. In the Bleach Plant there

is measurement and control of water,

gas, stock, levei, etc, and SO.^ and
oxygen are also recorded and con-

trolled, Beta meters are used for basic

weight testing. In the chemical re-

covery plant there is flow control of

waste liquor to evaporators and pres-

sure, temperature and levei control

over furnaces. One new papermill uses

a recording spectrophotometer and
electric peak-load controllers.

Most Instrumentation for

Process Control

As a general rule about 75 per

cent of the investment in instruments,

in terms of dollar value, is for pro-

cess control, with the balance of 25
per cent being for measurement, di-

vided roughly as follows: flow 30
per cent; levei 25 per cent; pressure

15 per cent; temperature 15 per cent

and miscellaneous 15 per cent. It is

not unusual for a large paper mill

to have as many as 1,500 controlling

instruments installed.

Requirements of and uses for pro-

cessing plant instruments in the case

of small installations are generally

determined by the Companys own
staff. Control systems are designed

usually by the staff or the Com-
pany's engineering office. Instrument

manufactiirers are often called in for

advice, while consultants are gener-

ally called in for larger installations.

Time and Money Saved by

Instrumentation

Replies to a question as to time,

money and material savings effected

by instrumentation disclosed a reluc-

tance or inability to give definite in-

formation. One of the largest news-
print and sulphite pulp mills made
the foUowing comment: . . . "Very
little savings in manpower cost; in

most cases instruments are employed
to control variables that a man could

not control; most savings are the re-

sult of decreased equipment 'down-
time', quality, uniformity elimination

of safety hazards, etc. In fuel con-

sumption it is estimated that as high

as 30 per cent savings may have re-

sulted over hand-firing, as well as

due to the safety of automatic control.

No records are easily available to

permit estimates of money savings in

general.

Repaír, Parts and Servicing

To the enquiry as to who is respon-

sible for instrument maintenance, re-

plies disclosed that in most cases it

is the instrument engineer. Where no
instrument engineer is employed, or

if he is absent, the plant engineer, or

the control engineer or superintend-

ent, is responsible.

Instruments are almost entirely pur-

chased outright. One large pulp and
newsprint mill rents on a very small

scale, while others only rent tempor-
arily for experimentation.

To the question "Do you carry

complete replacements or repair

parts", repHes varied considerably.

There is no indication that plants in

remote locations tend to carry a larg-

er stock of replacements and repairs

than those closer to the sources of

supply. Larger plants generally carry

mostly repair parts in stock, and get

the most necessary replacement units

wherever possible. A few companies
with several plants carry complete

spare units in stock when possible or

at least for the ones subject to fre-

quent failure.

-Servicing, replacing, repairing and

calibration of instruments appears to

be done predominantly by the plant

staffs. This, of course, applies to

minor servicing. Major jobs are cus-

tomarily sent out to the maker for

service. Even some larger papermills

do their own servicing and replace-

ments entirely, with exception of re-

filling of their thermometer bulbs.

The Instrument Crew

The size of the servicing crew var-

ies from one instnunent engineer with

a head trade.sman, five qualified

mechanics and two to four appren-

tices, in the case of a largo modern
mill with many controls and measur-

ing devices, to an instrument foreman

and four men, assisted, when neces-

sary, by electrical, mechanical or pioe-

fitting crews, in the case of a smaller

plant.

One pulp and paper producer with

several mills, who has doubled his

investment in instruments in the last

five years, gives a 'rule-of-thumb' for

servicing larger plants as "One man
per each 250 unit.s", which, in his

case, works out at 1 foreman and a

5-man crew and shop facilities cost-

ing from $1,000 to $2,000, for each

mill. The maxinium number of in-

struments taken care of by one man
as determined by a CPPA survey is

600, while the minimum number is

63. The average number of instru-

ments per serviceman as recommended
by ISA is 200 units.

Capital and Upkeep Costs

Initial cost of instruments, exclusive

of installation, is estimated by a com-
pany with several mills at from 4 to

6 per cent of total capital outlay for

a paper mill; 2 to 3 per cent for

pulping; 6 to 8 per cent for bleaching;

2 to 5 per cent for steam, and overall

1 to 5 per cent.

One comparatively small but almost

fully automatic plant 'guesstimated'

its overall investment in instruments

amounted to close to $1 milHon.

Another company with two large mills

gave capital cost for instruments and
meters at $10,000 and for combus-
tion controls at $8,000 in each plant.

Another medium-sized "Kraft Mill"

estimated its investment in instruments

at close to $360,000, while still

another company with two large pulp
and paper mills reported capital cost

of instruments including installation

at between $1.5 and S2.25 million.

Upkeep cost on instruments seems
to average $20 per unit annually for

service and about $120 per unit for

o\erall cost including replacements.
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which vvould in the case of some large

mills nin iiito very high figures. One
large piilp and paper mill estimates

its total cost for upkeep runs at least

to $50,000 per year which, consid-

ering its capacity, appears to be mod-
erate. Another large western miirs

upkeep averages over $100,000.
Annual in.strument cost for one large

mill including servicing and mainte-
nance but excluding new installations,

runs around $1.3,000 for material and
$23,000 for labour. Anorher médium
size plant with up-to-dale instrumenta-
tion spends $10,000 yearly on repair

parts and $50,000 on labour; while
a smaller mill reported $10,000 per
year for replacements and labour.

Still another company, with two large

mills, reports cost of annual upkeep
at $20,000 for instruments and $60,-

000 for maintenance.

Average Write-Off Two Years

Time required to recover initial

cost of instrumentation varies widely,

according to the process. A possible

general average from a small number
of replies appears to be around two
years. Some companies replying stated

ali their instruments are justified on
capital cost recovery within two
years or less. Certain instruments are
purchased for quality control only,

which is, at times, an intangible val-

ue.

Commenting on the percentage re-

duction in manufacturing costs of var-

ious products through instrumenta-
tion, some companies replied that their

plants would not be operational with-

out instrumentation, and consequently
no comparison with manual opera-
tion was possible.

One large manufacturer of pulp,

paper and allied products pointed out
that most instrumentation serves as

quality control, or to increase oper-

ating efficiency as compared to man-
ual labor. He estimated production
per man-hour had increased and qual-

ity control had improved to the extent

that, in general, instrumentation

would save its value in one or two
years. This, however, did not apply
to measuring controls.

Who Specifies and Purchases

Instruments?

Specifications are drawn up for

instruments in processing plants and
their installation in almost ali cases

by companys own staff of engineers.

Consultants are frequently called in

for advice, design and specifications

on special installations, or in the case

of new processes in the manufactur-

ing plant, though even here some

plants cling to the practice of relying

on the advice of vendors.

There is no set procedure for pur-

chasing instruments. Sometimes pur-

chasing is done through the local pur-

chasing department on specifications

drawn up by the instrument engineer.

In other cases specifications are

drafted by the control dept. and or-

ders are placed by the instrument

department through the Company 's

purchasing agent. In the majority of

cases purchasing is done through the

central purchasing department.

Summing Up

Replies to a request for general

comments on the importance of con-

trol and instnnnentation in present

operations, and for suggestions as to

future trends, brought out some in-

teresting opinions. The opinion of

some companies appears to be that

operation at the efficiencies required

in order to stay competitive is impos-

sible today without instrumentation.

It was generally felt that control

and instrumentation could be in-

creased in present operations to bet-

ter the quality of products. Processes

are being continually checked for fur-

ther applications of instrumentation

where these can improve production

and quality. One reply stated . . .

"without automatic controls in our

big boilers it would be impossible to

maintain efficient operation under
sudden load changes." Other replies

pointed out that more and more con-

trols are being used in every depart-

ment of the pnlp and paper industry.

Few controls displace men, but only

relieve routine. "It is doubtful if the

quality control or safety precautions

would be effective if automatic con-

trols were not employed, ' said the

technical director of a large paper

mill. "Most phases of the pulp and
paper making industry will continue

to require the operator's mind to

direct and temper the control system,

so as to produce the desired product.

Thus a fiilhj automatic plant' is not

in the foreseeable future. The pro-

cesses are not yet predictable enough
from scientific data for complete auto-

mation."

The Technical Superintendent of a

western mill made these comments:
"Future trends seem to be for more
transmitter - receiver installations

which is necessary for miniature in-

strumentation. Electrical and elec-

tronic instruments are conipeting well

with pneumatic types. The trend to

digital readout is not noticed in Pulp

and Paper, but pos.sibly will be soou.

The general trend of instrumenta-

tion and automation would seem to

require the training and development
of a class of mechanic or technician

able to service electronics, hydraulics

and pneumatics."

Better Planning Needed
As Well as Automation

Reasons for automation in the past
in mills producing writing and print-

ing papers shipped in sheet or roU
form have been to produce more per
time unit; to obtain greater uniform-
ity of product; to reduce cost of

product; and to make the product
available to many.
The automation program must cor-

rect a maximum number of defects

where they originate. It must make
defects in the paper reel visible to

the cutter through better signals. It

must improve early Identification of
the best tonnage by sorting or con-

verting for automated flow on end
of the paper machine to finished flow.

It must sidetrack off-standard ton-

nage for inspection.

Toda\- automation is established

practice in roll-rewinding controls,

sheet cutting, loading, laying off

sheets, counting, trimmers with auto-

matic size of cut, setting, ream wrap-
ping and cartou packaging machines.
Each of these operations require above
average intelligence, which in tuni

requires a higher-paid worker. The
jack-of-all trades 'millwright' of the

past is fast disappearing, and being
replaced b\- specialized maintenance
crews.

Changes in planning and layout are

needed too. Each delay represents

extra placing and pick-up of tonnage

representing man power and or

machine energ>-. Good planning and
clear directives are essential once
such automation equipment is instal-

led. How far a mill goes with future

automation will still depend greatly

on the future requirements of its cus-

tomers, and on improvements in auto-

mation attained by the converters and
the printers.

Organization of .\n Instrument

Department

The rapid growth of instrumenta-

tion has, no doubt. induced pulp and
paper mills, like many other indus-

tries, to organize a specified group

to look after automatic control equip-

ment. Most mills have fo\md it ex-

pedient to combine maintenance with

other fiuictions such as tr\ing out of

experimental or temporarx instal-

lations and carrying out a testiug ser-

vice.

This instrument gioup must l>e a
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separate entity, with the chain of

authority defined so as to conform

with provincial laws and Union juris-

diction. It will be under supervisory

authority, which is customarily shared

50/50 between control superintendent

and the plant engineer or Engineering

Dept., dependent on management
opinion. Work of this instrument sec-

tion extends across mill-department

boundaries. It must never become an

appendage to any of the processing

groups, but must be a department
with equal status to any other de-

partment in the mill. It must super-

vise nevv and modified circuits as

well as attending to routine operation

and servicing. The group needs a place

to work, tools and machinery, test

apparatus, spare parts, and instruc-

tion files and records. A rule-of-thumb

for the workshop area including office

space would be an average of 50
square feet per instrument unit, but

not more than a maximum of 100
sq. ft.

Next under the control superin-

tendent or plant engineer comes an
instrument foreman. Under him
come the technicians whose duties

are to find faults, repair them, recali-

brate, relocate, install, test and use

instruments as instructed by the fore-

man. Ali these technicians are trained

to handle certain common general

duties.

Each technician in the group spec-

ializes as or in at least one of the

following; process trouble shooting,

analysis and start-up; electronic meas-
uring and control; combustion control

and boiler instruments; fluid dynamics,

heat balances, etc; gas and chemical

analysis; mechanical repairs; calculat-

ing machines; watchmaking, and lathe

operation.

Eqiiipment

Providing a basic tool kit for each

man will pay off. An enterprising

workman will add his own tools to

the kit. A small precision lathe is a

'must'. Equipment should include a

drill-press, bench guider, oxyacetylene

equipment and a pressure-calibration

bench, dead-weight testers, mano-
meters, and thermometers for calibra-

tion standards. The watchmaker needs
ali the tools of his trade and a work-

bench for his job. An engraving mach-
ine is useful also for cutting name
plates.

The office accommodation may be
an area set off or partitioned from
the shop area or it may be only 'de.sk

room' with file cabinets and a library

shelf containing instrument catalogues

and text books. Files should include

specifications and histories of each
instrument from which to establish

a maintenance schedule and to re-

quisition spare parts. Cardex filing

systems are found to be most satis-

factory.

Instruments are getting more rug-

ged and more reliable every day, and
are taking on more difficult tasks and
becoming more involved. To meet this

change instrument departments must
expect their duties to be upgraded.
Education is listed as the top qualifi-

cation for apprentices, followed by
aptitude, initiative and tact in that

order. The technician starting out to-

day should have at least a sénior ma-
triculation education. The head of

an instrument department who is not

an engineer will be overlooked in

promotion if he does not develop

technically.

The more remote the mill, the bet-

ter the training program for instru-

ment technicians should be. Skilled

men are in short supply and person-

nel have to be recruited and trained.

About a third of Canadian pulp and
paper mills have regular training pro-

grams, and a few have study periods

on Company time for apprentices. An
apprentice should be trained to read

instmments and to know their limita-

tions. Each should be taught how to

switch instruments from automatic to

manual control, and not to touch

anything except set points.

About a third of Canadian pulp

and paper mills have scheduled maint-

enance of instruments, while in

another third of them maintenance
is on a demand basis only.

Current Sulphite Mill Instrumentation"

Questionnaires were sent out in

1957 by Bowaters Newfoundland Pulp

and Paper mills to some 20 Canadian
pulp and paper mills across Canada,

as reported in a recent issue of "The
Canadian Pulp and Paper Magazine".

Answers gave an indication of the

extent to which instrumentation was
being utilized at that time. Questions

dealt mainly with types of instm-

ments and controls used in various

applications, and the problems en-

countered.

Only four of the mills reporting

instrumentation in the melting of

raw sulphur use a modified on-off or

actually limit control. Biggest obstacle

with types other than a temperature

bulb in the molten sulphur tank is

excessively high maintenance, and the

constant attention required.

•Reproduced in part from a paper pre-
senteei before the Technical Section, Can-
adian Pulp and Paper Association, bv per-
mission of the Technical Section CPPA.

Of ali mills questioned, the major-

ity use a Glen Falis type of rotary

burner and automatic burner-level

control seems almost standard. Most

mills have some form of measurement

or control of SO^. Most mills had

found that by using suitable conden-

sers on the sample line, the problems

of moisture entrained in the gas could

be handled fairly well.

From replies to this questionnaire

it was gathered there was as yet no

entirely satisfactory method of meas-

uring acid or Baumé density. Only
two mills had a record of this im-

portant variable, and they experienced

high maintenance, which made it al-

most impossible to keep the unit in

service.

On storage tanks, recovery towers

and accumulators most mills record,

and in some cases control, pressure,

levei and temperature. On pressure

and livel measurements some form of

liquid purge or sealing fluid is needed.

In digester operation the main var-

iable that determines the rate of

cooking is temperature, and this is

regulated by controlling the flow of

steam manually or automatically.

Seven of the 20 mills reporting used

manual cooking control, while the

balance used automatic control with

either steam flow or temperature pro-

gram-cams being used. The desired

steam flow or temperature is plotted

against time in the form of a cam,
and the controller then automatically

controls the steam valve to give the

desired values.

Fifteen of the 20 mills questioned

used acid circulation systems either

wholly or partially. Control of diges-

ter relief was fairly standard, fifteen

using pressure set-point type of con-

trol. On the question of measuring
digester levei half the mills recorded

it and the other half merely observed
it with gauge glasses. Maintenance
was fairly high for measurement de-

vices with those who measure it the

DP cell seems the most widely ac-

cepted instrument.

One very evident feature of the

replies was the similarity of installa-

tions throughout the mills questioned.

Practically ali mills were found to be
on the same general levei of instru-

mentation, with few showing any
great deviation from the average. This

indicated there had not been as much
development here in recent years as

in some other industries or even in

other sections of the paper industry.

The survey showed conclusively that

the major problem was one of maint-
enance, keeping instruments opera-
tive in an extremely corrosive envir-

(Continued on page 99)
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INTERNATIONAL NEWS
America, had a 53,300 cu. ft. enve-

lope of Terylene double-proofed with

neoprene and contained in a hemp
córd net made by a Ministry of Sup-

ply technician at Cardington.

SWEDEN
NEW RADAR SIGHTS. The 8000
ton Swedish ciuiser Gota Lejon is

said to be the first naval vessel in

the world to be equipped with radar

síghts of a novel 'thinking' type,

which vvill considerably increase the

efficiency of her AA artillery. Part

of an almost completely automated
firing system, the radar sights oper-

ate on a signal, giving the horizontal

attitude of an attacking aircraft, re-

ceived from the ship's reconnaissance

radar, which covers a wide horizon-

tal and vertical field. The sight then

automatically fixes the vertical posi-

tion of the aircraft and locks the

guns on the target, at the same time

calculating the necessary lead. One
or more guns can be controlled si-

multaneously, and are fired manually
from the fire-control centre. The
equipment, designed and made by
the Dutch electronics firm Holland-

sche Signaal Apparaten, is to be in-

troduced on most destroyers.

LARGEST HEAT EXCHANGERS.
The Alfa-Laval Group reports an
order for several plate heat exchang-
ers of an entirely new design, claimed
to be the largest of their kind in the

world, for a new aluminium produc-
ing plant in Guinea. The order,

worth over $400,000, includes equip-

ment for a total heat exchange area

of some 54,000 square feet; heat

savings are estimated at about $10,-

000 a day. The exchangers are used
for cooling hot process solutions and
heating and concentrating the cold

used aluminium salt solutions. The
plant, to be the largest aluminium
producer in the world, is being
financed by American, British,

French and Swiss capital, and was
designed by French engineers. The
former French territory has large de-

posits of high-grade bauxite.

UNITED KINGDOM
RUSSIAN TECHNICAL TRANSLA-
TIONS. Recent Soviet achievements

in many fields of science and tech-

nology have aroused great interest

in other countries, but because of

the language barrier few engineers

outside the U.S.S.R. have been able

to follow these developments at first

hand. Now, however, the Produc-

tion and Engineering Research As-

sociation, with the support of the

Department of Scientific and Indus-

trial Research, is making complete

translations of Stanki i Instrument,

one of Russia's leading technical

journals. The English version will be
published monthly from January

1959 under the title Machines and
Toolinp,. This will cover research and
development over a wide field of

production as well as improvements

in equipment and methods based on

operating experience. Subjects in-

clude: tool design; ceramic tools;

automation; induction heating; hy-

draulic mechanisms; machine con-

trols; metal fabricating and finish-

ing techniques; production in plastics:

and many others.

THERMONUCLEAR C O N V E N-

TION. The Institution of Electi-ical

Engineers has arranged for a Con-

vention on Thermonuclear Processes

to take place in London on 29th and

30th April 1959. The proceedings.

held in conjunction with The British

Nuclear Energy Conference, will be

opened by Sir John Cockcroft, of the

U.K. Atomic Energy Authorit>\

Papers will be presented and dis-

cussed, and Sir George Thomson,
Master of Corpus Christi College,

Cambridge, will deliver a closing con-

tribution. Subjects will include basic

principies of thermonuclear processes,

British work in the field, the possi-

bilities of direct conversion from nu-

clear to electrical energ>% and re-

views of related work in the U.S.A.

and U.S.S.R. Further particulars

from the Secretary of the Institution.

AVIATION NEWS. Rolls-Royce jet

and turbojet engines are to be made
under licence in Germany by the

M.A.N. engineering firm in Munich.

to power civil and military aircraft

still on the drawing boards in the re-

organized Messerschmitt and Heinkel

factories . . . The three 140-ton Prin-

cess flying boats (the world's larg-

est), 'cocooned' since 1953. may be

used by a new British company on

a commercial passenger service be-

tween Britain, Rio de Janeiro, the

Canadian Great Lakes, and a point

in the U.S. . . . The balloon SmaU
World, in which four persons recent-

ly attempted a crossing of the Atlan-

tic from the Canar> Islands to South

UNITED STATES

HIGH-SPEED WIND TUNNELS.
Conventional aerod>namic tunnels in

which man\' problems have been

soh ed. notably in the laboratories of

the National Advisory Committee for

Aeronautics (NACA), have been made
obsolete by the advent of jet and

rocket propulsion. The follo\\Tng are

some of the recent installations in the

U.S. which operate in speed ranges

of the order of 2.500, 3.750. 15,000.

and 32.000 m.p.h. North American
Aviation Inc. has built the first pri-

vately financed 'trisonic' tunnel at

Los Angeles. Calif. This single in-

stallation can be operated at sub-

sonic, transonic, and supersonic

speeds. The height of the actual 44-

ft. long test chamber can be in-

creased b>" a h\draulic mechanism
from 3.5 ft. (supersonic range") to 6

ft. (subsonic). Operating air is stored

at high pressure in eight steel

spheres. In addition to the usual

measuring equipment, the tunnel is

fitted with cameras and data process-

ing equipment. The Con\air Division

of General D\ namics Corp. has a tun-

nel at San Diego. Calif., which can

operate from Mach 0.5 to Mach 5.

Working on an intermittent cycle,

power from an 8,000 h.p. motor is

used to produce effects equi\alent to

the use of a 150,000 h.p. motor in a

conventional tumiel. The stored en-

erg\' is released for periods of up to

two minutes, with an a\erage of 30
seconds. Air is compressed to 85.000
psi. in six reserx oirs with a total ca-

pacity of 116,500 cu. ft. The Lock-
heed Missile Systems Division tunnel

at Sunn\dale, Calif.. for tests on the

Polari.s missile. can reach speeds of

15,000 m.p.h. and temperatures of

10,000"C. in a test chamber some
44 ft. long, 2 ft. high, and 6 ft. wide.

An electrical charge of 20 million

kw. is used to raise the teniperat\ire

of a small quantit\- of compre.ssed air

at one end of the tunnel to 10,000 X.
and the pre.ssure to 4,9 million psi.

The duration of the test is ke^it to

1 25th sec. to a\oid nielting the

walls of the timnel. To study the

effects of placing a space \ehicle in

orbit and conditions of re-entr\" into

the earths atmosphere. another in-

stallation, Hotshot II. uses an elec-

trical dischargc to produce the ef-

fects of sjx^eds up to 32,000 m.p.h.
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VERONAUTICAL ENGINEERING (CmUnuecl from page 43)

\)i\st 50 years. The properly equipped
aeroplane is a useful tool in today's

\\ oild.

FABRICATION
TECHNIQUES

by W. H. Riggs,

Vice President Manufacturing,

Avro Aircraft Ltd.

The past fifty years of aviation in

Canada have brought about many
changes in manufacturing. When the

Silver Dart flew on 23 February,

1909, aviation in Canada consisted of

a few ingenious individuais across

the country who, in their backyards

.ind sheds, were trying to invent and
huild machines of various kinds, that

lhey hoped would fly. Their tech-

niques were the "do it yourself" kind

required to produce the wire, wood,
and fabric contraptions of the day.

From these beginnings, an industry

developed. Laminated wood secticns

replaced the soHd wood members,
and assembly fixtures were intro-

duced to hold laminations during

iílueing operations. Plywood replaced

íabric coverings, and steam pressure

chambers were used to form wood
paneis. Metal tubular frames fol-

lowed, requiring welding and con-

trol of welding processes.

Though wood was used extensively

i ven during World War II on such

aircraft as the Mosquito and Cornell,

it was the introduction of the all-

metal aeroplane that resulted in the

most outstanding fabrication develop-

ments.

Light alloy materiais were intro-

duced, such as aluminum, with steel

castings and forgings for greater

strength at criticai points. The ma-
chine and sheet metal shop replaced

vvhat had been mainly a carpentry

operation. Heat-treat furnaces and
process tanks changed the condition

of these new alloys to permit form-

íng operations, and provided a cor-

rosion-resistant surface lo the metais.

The quantities of .lircraft required

during the war years brought about
new techniques which were aimed at

quantity production. Routing pro-

cesses were developed using a rotat-

ing cutting tool to cut sheet metal to

the shape of a template. The rubber

press was introduced to form these

parts on form tools. Rubber presses

of up to 15,000 tons capacity (Fig.

16) are at present in use in the in-

dustry. Stretch forming presses were
developed to stretch and form sheets

of material over large form blocks.

Methods of assembling these parts

were improved with the introduction

of hand-operated power tools. These
included rivet gims and drills with

portable heads to permit access to

difficult work áreas.

Because an aeroplane has many
áreas that restrict the number of men
who can work at one time, extensive

use of component assembly jigs was
introduced. The structure was broken

down into sections and these sections

sub-divided into sub-assemblies. This

permitted wider distribution of lhe

labour force, and provided inter-

changeability of the various compou-
ents. This breaking down of the work
into specialized jobs has brought

about the use of some si\' hundred
classifications or trades within the in-

dustry today.

Rapid developments of the post-

war supersonic age emphasized new
problems in fabrication techniques.

The problem was to reduce fabrica-

tion and development time in order

to put the aircraft into service use in

the shortest possible time. A refer-

ence to the production of Canada's

Avro CF100 and Avro Arrow inter-

ceptors will illustrate this change of

approach.

In the early development of the

CFIOO, a number of prototype or de-

velopment aircraft were built using

many hand made parts, and parts

made with tooling of limited produc-

tion life. As these aircraft were going

through their development stage, it

was necessary to enter into a produc-

tion tooling program before delivery

of service aeroplanes. This delay was
now prohibitive and, to overcome the

problem, stable production tools and
assembly fixtures were introduced at

the start of the development program
of the Avro Arroto.

Other improved techniques in-

cluded the use of glass cloth on

which parts were drawn to scale,

providing a direct transfer of tooling

and part dimensions to the shop.

Full-scale master models of compon-
ents provided an accurate reference

for forming parts affecting criticai

outside surfaces. Metal to metal

bonding and honey-comb construc-

tion were introduced into the design

of the aircraft. This process is done
in the autoclave (Fig. 17) where
parts and bonded assemblies are

cured under pressure and heat after

application of adhesive.

Present supersonic aircraft require

numerous heavy machined parts. This

introduced heavy machining tech-

niques such as skin milling (Fig. 18),

where large wing skins are milled

from solid billets of metal, eliminat-

ing design and assembly of numerous

detail parts. Chemical milling is now
under development where metal is

reduced to shape by chemical action,

replacing some machining operations.

Electronic and tape operated lathes

and mills that are presently being

developed will make the machining

operation a completely automatic

process and will eliminate the re-

quirement for much of the present-

day tooling.

Another important development has

been the need for control over the

flow of thousands of parts through

manufacturing and assembly stages.

Canada's Avro Arrow has 38,000

parts, ali of which must meet a pre-

determined schedule of production in

order that assembly of the finished

aircraft will not be interrupted. This

control must also be exercised over

'bought-out' equipment such as air-

conditioning, electronic and armament
installations. The scope of this control

can be further realized when we con-

sider that over 650 companies and
thousands of outside workers share in

the production of today 's supersonic

aircraft, producing parts and assemb-
lies to meet one over-all schedule.

COMBUSTION CONTROL
(Coiitinued from page 69)

search, designs, products, and pub-

lications of our great friend and
neighbor to the south.

This condition is of course not con-

fined to the field of instrumentation

but is widespread in light manufac-

turing, both mechanical and electrical.

In the present state of Canadian
markets, those who can should be
planning new scope for the inventive-

ness of engineers at home, wider lati-

tude for manufacturing in Canada,
and support of university training that

will inspire initiative and develop-

ment.

Those engaged in engineering in ali

its phases are accustomed to tmder-

standing cause and effect, adding one
and one to make exactly two, and as-

sessing what is true. They tend b>-

natin-e and habit to honesty, and are

well qualified to exercise these tal-

ents be>'ond their profession, in the

world around them.

They have become increasingly

aware of the significance of what
their effect has been and can be in

raising the levei of human welfare.

There has been a trend, shared by
instrument personnel, toward in-

creased parlicipation and leadership

in affairs on community, provincial,

national, and international leveis.
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Canadian Developments

NEWS OF MAIOR ENGINEERING DEVELOPMENTS IN CANADA

The Year 1958 Reviewed

Ontário Hydro

New stations and additions to ex-

isting plants, representing more than

800,000 kilowatts of capacity were
placed in service by the Hydro-Elec-

tric Power Commission of Ontário in

1958. At year end, nine projects total-

ling 2.3 million kilowatts of capacity

were under development.

Demand climbed above 5 million

kilowatts for the first time. The Com-
mission's total capacity reached 5.76

million kilowatts.

Capital construction expenditures

were $200 million. St. Lawrence and
Niagara river developments were the

largest projects in the program.

Rohert H. Saiinders-St. Lawrence
Powerhouse: 7 units placed in

service, with nine more to come into

service progressively in 1959; Ontário

Hydro to receive 950,000 kw., at

capital cost of $300 million.

S/r AcUim Beck Niagara Generating

Station No. 2: 2.2 million kw. now
derived from Niagara River, with in-

stallation of 15th and 16th nnits.

Richard L. Hearn steam plant, Toron-

to: e.xpansion continued; four imits

totaling 800,000 kw. are being added,
with two units going into service in

1959. Ultimately, in 1960, capacity

will be 1.2 million kw.
Lakeview tliermal generating station:

site west of Toronto is being prepared;

installation designed for ultimate ca-

pacity of 1.8 million kw. at cost of

$250 million; excavation to commence
in 1959; two 300,000-kw. units to be
in service by 1962. A second similar

plant is planned for the Toronto-

Hamilton area.

Northwestern Ontário: expansion in

1958; new hydro stations went into

service at Whitedog Falis on the Win-
nipeg River and Caribou Falis on the

English River.

Port Arthur: a 45,5000-lcw. develop-

ment at Silver Falis on Kaministikwia

river is being built.

Thunder Bay coal fired phmt at Fort

William: construction started; initial

capacity, 100,000 kw., at estimated

cost of $26 million; power available

in 1961; provision for enlargement to

1 million kw.

Red Rock Falis development on Mis-

sissagi river: preliminary construction

in progress for completion in 1961.

Otter Rapids project on Abitibi River,

near Kapuskasing: a start made on

131,000-kw. development; power
scheduled for fali of 1961. Fifth unit

of Abitibi Canyon station to be com-
pleted early in 1959, adding 45,000

kw.
Extra High Voltage Trarismission:

studies under way to determine econ-

omy of transmitting power from po-

tential northeastem hydro sites cap-

able of 1.8 million kw.

Nuclear power: Constriiction resumed
in July on Nuclear Power Demonstra-

tion plant at Des Joachims, Ont.; to

be in operation in 1961. Ontário Hy-
dro is also involved in design and
development phase of full-scale nuc-

lear plant. First phase may be in 200,-

000-kw. range.

Frequencij Standardizntion: ten-year

program close to completion.

Rural expansion: 920 miles of line

added.

Public Works, 1958

The activities of the Department

of Public Works continue to expand

in dollar value and in variety of pro-

jects, Deput\- Minister H A. Young
reported to the Canadian Construc-

tion Association meeting in J;í'i"'iiy-

Estimates for the current fiscal >ear

are of the order of $240 million, and

the indication is that expenditure

will exceed 90 per cent of this. The
Department also spent some $37 mil-

lion on behalf of other goveniment

departments.

Of this latter category the Deput\-

Minister mentioned these: construc-

tion in N.W.T. and the Yukon, build-

ings and highways, largely projects

for the Dept. of Northern Affairs and

National Resources; a road program

in national parks for the same de-

partment; roads to resources; marine

work for Transport and National De-

fence Departments; work in the

national parks sections of the Trans

Canada Highway.
Housing comes under Public

Works through Central Mortgage and

Housing Corp. More than half the

number of housing starts of ali kinds

during 1958 received Federal aid of

some sort. Sixteen cities have under-

taken rede\elopment and renewai

studies with assistance under the Na-

tional Housing Act.

Winter construction is a concem

of the Department. Resides program-

ming maintenance and interior work

on buildings started earlier, the De-

partment scheduled 375 small har-

bour and river projects for the cur-

rent winter. It continued work on as

many marine projects as possible and

is carrying out building of some 65

small post offices.

The Department is using models

in stud\ ing problems of harbour de-

velopment. The first major one re-

lated to Port Aux Rasque and there

are other model studies going on. The

testing laboratory of the Department

is moving into a new building.

An inter-departmental investiga-

tion of special interest is studying

harbour developments extending from

the Head-of-the-Lakes to Father

Point. A similar stuày preceded the

current harbour development at St.

John's, Nfld., where the final cost

will be some $12 million.

A study being carried on will re-

port on tíie feasibilit\- of a causeway

across Northumberland Strait, be-

tween Prince Edward Island and

New Rrunswick. Another propo.sal

under stud>- is development of a ne\\-

Arctic towii at Frobisher Ra\- for the

Department of Northern Affairs.

Deput\- Minister Young said that

activities of the coming vear could

not then be forecast. But the inten-

tion was, he said: to niaintain the

tempo, to pursue the program of fed-

eral buildings in small centres, to

continue the highway progiam in

Northern Canada and to expand the

program of harbo\u- impm\-enients

for navigation.
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By means of a new 23-mile railway extension from Nimpkish, Vancouver Island,

Canadiaii Forest Products Ltd., can haul logs to Beaver Cove. From there the logs

are towed in booms to the company's processing plant at Vancouver. One of the
nine major bridges on the new extension is shown above.

What Goes On

Iron Ore Outlook

An improvement in demand for

iron ore is predicted for 1959 by M. S.

Fotheringham, president of Steep

Rock Iron Mines Limited, though iron

ore is not at present in short supply.

Preservation and expansion of ex-

port markets is the industry's problem,

Mr. Fotheringham says, with competi-

tion becoming increasingly keen for

both the American and European
markets. He estimates Canadian out-

put could reach 96 milHon tons, 70
milHon to go to the United States, 16
milHon tons overseas, and 10 milHon
consumed in Canada.

New Brunswick Prospect

The New Brunswick department of

industry and development has fore-

cast business in 1959. In the separate

industries these trends are predicted:

Food industries: an increase in sales

by 3 to 7 per cent;

Pulp and Paper: domestic sales higher
by 3 to 10 per cent; exports increasing,

or equaling those of 1958;

Metal mining: improvement in do-

mestic sales by from 3 to 10 per cent

and in export by 10 per cent; new in-

terest in N.B. deposits;

Construction: sales to equal those of

1958, with housing starting slowly;

Merchandising: a gain in sales and
improvement in profit.

Exploration in N.W.T.

Permits to explore more than a

million and a half acres of the North-

West Territories for oil and gas were
acquired recently by six major oil

companies.

Successful tenderers were Texaco
Exploration Company, Champlain Oil

and Refining Company, Canadian
Husky Oil Limited, Imperial Oil Lim-
ited, Sun Oil Company, Mobil Oil of

Canada Limited. The permit area runs

along the Mackenzie River south-east

to north-west some thirty miles each

side of Norman Wells.

This brings to 76.5 million acres the

area of northern Canada now under
oil and gas permits.

Anniversary at Comwall, Ont.

The Howard Smith Paper Mills

Limited celebrated the 75th annivers-

ary of its Cornwall division in Novem-
ber, 1958.

In 1883 the first sheet of paper was
made; production of paper in 1903
was 3,000 tons; estima ted production

for 1963 is 112,000 tons.

In 1958 a new, larger soda recov-

ery plant went into operation, and five

major projects were announced, in-

cluding a sixth paper machine.

Shawinigan Water and Power

Ali six units of the Beaumont power
development will be in operation in

1959, Shawinigan Water and Power

Company reported to its shareholders

in November.
The 246,200-kw development on

the St. Maurice River in Quebec was
opened in September, 1958, with con-

struction three months ahead of Sche-

dule and two generating units ready

for regular operation.

St. Lawrence Seaway

At the end of 1958, construction of

works under the St. Lawrence Seaway

Authority jurisdiction had progressed

to a stage which assures that ali

channels, locks and ancillary struc-

tures will be available to shipping at

the opening of navigation next spring,

subject, in part, to a restricted depth

of twenty-four and one half feet until

June 1, when the specified minimum
depth of twenty-seven feet will be

available throughout.

Completion of production and

clean-up dredging to full depth and

width in some channels was retarded

by the early arrival of winter and by

a shortage of dredging equipment.

Production dredging remains to be

done in these locations:

Turning hasin at Montreal harbour:

This work now expected to be com-

pleted at the end of the 1959 season.

Until then ships may turn at the

Longue Point Anchorage.

South Cornwall channel: Completion

is scheduled for October 31, 1959.

However, a safe channel of 450 ft.

width and 27 ft. depth will be avail-

able at the opening of navigation.

North Cornwall chant^el: The use of

this channel is not required in 1959.

Work is scheduled for completion in

late summer 1960.

Thotisand Islands Section: Completion

scheduled for July 1, 1959. Except for

a half-mile stretch at Brockville Nar-

rows which has been in use at width

of 280 ft. during past years, a safe

channel of 450 ft. width and 27 ft.

depth will be available at opening of

navigation.

Twenty-seven footh depth will be

available in ali channels after June

1 and, prior to that date, in ali chan-

nels except the following where these

conditions will govern:

Lake St. Louis: a 24'/2 ft. minimum
depth at lower end of lake.

Lake St. Francis: a 24^ ft. minimum
depth at a point ten miles below Corn-

wall.

Upper approach to Iroqiiois Lock: a

25/2 ft. minimum depth.

Welland Ship Canal: navigation will

be restricted to half channel widths

in two short reaches. Available depth

will be 27 ft.
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Applied Physics at the

Ontário Research Foundation

Tlie Ontário Research Foundation
has recently enlarged considerably the

staff and facilities for work in physics.

A new Department of Physics is under
the direction of Dr. B. W. Schumacher.

The new department is staffed and
equipped so that, with the help of the

longer estabhshed departments in the

Foundation, it will be able to serve

industry by (1) the study of materiais

and processes using modern physical

methods; (2) the development of new
instruments and techniques to meet
the ever-changing needs of indus-

try, and (3) the study of physical

phenomena which will ultimately

form a basis for new applications.

In the stiidy of materiais the physi-

cist often joins forces with the chem-
ist and metallurgist; in the develop-

ment of instruments he enters the field

of engineering. However, the ap-

proach of a physicist differs often

from the approach of the other scien-

tists. It may be more fundamental and
therefore yield complementary infor-

mation of value.

Some of the facilities at the On-
tário Research Foundation laboratories

are described below. A few of the

characteristic features of physical

methods are given with emphasis on
the kind of information derived.

An electron microscope (Type El-

miskop I by Siemens) is the most re-

cent addition. This instrument is in-

stalled in a room which is dust free

and free of static electric oharges. Its

purpose is to get pictures of small

objects or the details of surfaces which
are beyond the reach of the optical

microscope. These pictures reveal de-

tails of small objects beyond the wave-
length of light. They convey, how-
ever, no information about the in-

ternai structure of these objects.

The resolution of the Elmiskop I

is better than 12°AU, and due to its

high beam voltage of 100 kev. rela-

tively thick objects may be examined.
For instance, some metal films may
be observed directly, dispensing with
the usual replica technique.

The Elmiskop I includes an Electron

Diffraction Camera. The diffraction

picture — whether taken by elec-

trons, X-rays, or light — tells some-
thing about the structure of the dif-

fracting substance although the

elementary units of that structure are

too small to be directly visible. But
a limit is "reached again, and one has
to resort to another method if direct

information as to chemical composition

is required. To overcome this limita-

Dr. B. W. Schumacher,

head of

Department of Physics

tion a new method for getting an ad-

ditional chemical analysis with an
electron probe is under development
at the Ontário Research Foundation.

Diffraction techniques do not give

information about the elementary

units of periodic structures like crystal

lattices; tliey give only the average or

ideal structure. Nevertheless, with ali

the refinements of the method, a sur-

prising number of statements about
these structures can be made.

X-ray Diffraction

The older method of X-ray diffrac-

tion with ali its refinements is con-

stantly employed. Various cameras
suitable for any kind of crystal ana-

lysis and a recording diffractonieter

with Geiger counter are used. The X-
ray laboratory is under the supervision

of Dr. Úrsula Martins. X-ray diffrac-

tion basically gives information as to

the crystal structure of elements and
compounds. Many of these structures

are well known to-day and tabulated

in a reference file issued by the

ASTM. One of the very frequent ap-

plications of X-ray diffraction ana-

lysis is the indentification of an un-

known compound by comparing its

Electron microscope

structiue which is characteristic, like

a fingerprint, with the structures on
file. This kind of identification always

yields the compound, i.e. it shows
whether Fe, FeO, Fe^O., or FeS04 are

present. It might be called a molecu-
lar chemical analysis. Furthermore, X-
ray techniques can be used to deter-

mine grain orientations, grain sizes,

and of course unknown crystal struc-

tures. However, X-ray diffraction does

not provide information as to shape.

surface appearance, etc.

In addition to the diffraction analy-

sis, the available instrumentation is

capable of elementary chemical ana-

lyses using X-ray fluorescence. In this

anahsis one observes the character-

istic spectrum emitted from each of

the chemical elements of a sample if

bombarded by other, harder X-rays.

This is similar to and complements op-

tical spectroscopy or, for instance, the

anahsis b>' means of an ultra-violet

lamp. The X-ray fluorescence is limit-

ed in its applications to elements with

atomic number of 13 (Aluminum) or

higher and to specimens of a fairl\-

large size, say Vi inch square. The
Ontário Research Foundation is at

present activeK^ developing a method
for covering the lower number
elements also, b\" means of a micro-

probe less than one mil in diameter.

The Foundation does not now make
radiographic pictures of large objects.

Howev-er, microradiographs are made
and have been used in several applica-

tions, for instance, locating precipita-

tions of cobalt in a metallographic

specimen and in the analysis of ores

and minerais.

The electron microscope and X-ra\-

laborator\- is supplemented h\ a most

complete microscopxj laboratory which

has been described previously.' It is

based on standard instrumentation,

and staffed by specialists. Using a

standard colour photometer one of the

staff recenth" showed a novel way of

measuring the thickness of surface

films on metais. Surface studies by the

Tolansk\- iiiterferometer method have

led to valuable industrial information.

Ali these laboratories are supplement-

ed by excellent photographic facili-

ties.

Infrared Spectroanal>-sis

The infrared spectropliotometer and

laborator\', directed hy Miss E. M.
Kirbx' was recenth" expanded b\" a

double-beam Perkin-Elmer sixx-tro-

meter.

Infrared spectroanalysis provides

molecular chemical anahsis. The
specimen, in this case, does not need
to be present in the form of a cr\stal-

line substance. It can be in solution,

or in a solid or gaseous forni. The m-
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Hydro-Electric Progress in Canada, 1958struments determine some of the

vibrational or rotational energy leveis

of the moléculas. The related "absorp-

tion spectrum" can be used to identify

the molecules present, or structural

units in the molecules, even differen-

tiating between isomers. This tech-

nique is especially useful in the ana-

lysis of organic substances but is not

restricted to them.

In addition to the infrared spectro-

meter there are instruments for absorp-

tion spectroscopy in the ultraviolet and

visible range of the spectrum, e.g. a

Carry double-beam spectrophotometer

and instruments for flame photometry.

It is not easy to draw a line where
physical methods stop. The number of

inspection methods is almost un-

limited, since every physical constant

that can be measured can be used for

analytical purposes as well; for ex-

ample thermal expansion, heat of solu-

tion, refractive index, etc. There is the

relatively new method of vapour pbase

chromatography which differs basic-

ally from those methods listed above.

Vapour Phase Chromatography

Equipment for vapour phase chrom-
atography is installed in the air pollu-

tion laboratory under the direction of

Charles Newbury. The instruments

provide an analysis by separation. The
compounds in a mixture are separated

due to their vapours requiring dif-

ferent lengths of time to be carried

through an absorption column by a

stream of dry gas, usually helium. The
arrival of each component at the outlet

is noted by a detector and recorder.

The unit has a separation efficiency

equivalent to a distillation column of

at least 4,000 theoretical plates, and
recent developments promise an in-

crease in this number to 100,000 using

a sample as small as 10-^ grams. Con-
sequently, this instrument is used to

separate close boiling mixtures such as

isomers. Not only will vapour phase
chromatography give analysis of or-

ganic liquids, but it can determine the

presence of natural gas in soil samples,

indicating pipe leakage, or the per-

centages of hydrogen, oxygen and car-

bon-monoxide in 0.1 milli-litre of gas

coUected in the degassing of a steel

sample.

Ontário Research Foundation will

from time to time install new instru-

mentation to meet new problems as

they arise. Important as these instru-

ments are, they do not overlook the

supreme importance of imagination,

skill and experience of the scientific

staff.

•A model Metalographic Laboratory,
Majka, S.J. Can. Metals 19, No. 3: 54-58,
(pt.l); No. 4: 56-63, (pt.2). 1956.

A maximum record was established

in Canada in 1958 in the amount of

new hydro-electric generating capacity

brought into service in one year.

This is reported in the bulletin (No.

2625) publi.shed January 2 by the

Water Resources Branch of the De-
partment of Northern Affairs and Na-
tional Resources, Ottawa.

The net total of new capacity in-

stalled was 2,485,040 hp. The pre-

Progress is reported on several

goals of McMaster University, Ham-
ilton, Ont. There are students in the

first two years of four-year degree

programs in chemical, electrical,

mechanical and metallurgical engi-

neering, and engineering physics.

First year of the civil engineering

program commences in 1959. (Engi-

neering Journal, Sept. 1958, Page

107).

There were eight members of the

academic staff on campus by Sep-

tember, 1958; it is hoped to add
eight more in 1959. Challenging pos-

itions are therefore open in ali the

named branches of engineering. Of-

fice and research space will be ready

for occupancy in April, 1959. A per-

sonal interest in engineering research

is a requirement, because a graduate

research program is being developed.

Construction of the new Engineer-

ing building is proceeding well, for

occupancy April 1, 1959.

vious high record was 1,758,450 hp.

installed in 19.54.

Ontario's total of new capacity was

1,.30 1,800, the highest of the prov-

inces; total for Quebec was 900,000

hp. The total installed capacity of

water power plants in Canada is now
figured at 22,376,048 hp.

The Bulletin is free of charge, avail-

able from the director, Water Re-

sources Branch.

Laboratorv equipment is being

purchased. ÍEquipment already pro-

cured includes a Bendix digital com-

puter, nuclear magnetic and electron

spin resonance equipment, complete

fluid mechanics laboratory, photo-

micrographic equipment and metallo-

graphy laboratory. A one-megawatt

nuclear reactor will commence oper-

ation in April. Associated with this

there will be a single crystal neutron

diffractometer. In chemical engineer-

ing, facilities make possible long

range programs and mass transfer

and radiation engineering. Electrical

engineering has laboratories for servo-

mechanisms and experiments on

antennae. A new 50,000 Ib. per hr.

boiler can be used as an experimental

facility. An adjacent steam turbine

will allow realistic experiments on

thermal power generation. A vacuum
casting and melting laboratory will

be the first of its kind in Canada.

Western Zone Technical Conference

October 2, 3, 1959. Banff, Alberta

On the recommendation of an E.I.C. Zone A. councillor's meeting held
in Calgary, October 18, 19.58, E.I.C. Headquarters has approved the holding
of a Western Zone Technical Conference at the Banff School of Fine Arts
on Friday and Saturday, October 2 and 3, 1959.

The main features of this conference are; a series of twelve technical
papers with as many as possible dealing with the various economic and en- 1

gineering aspects of Western Canadian Developments, a Fórum on Irrigation '

and Drainage and a program for the ladies. Why not mark these dates on i

your calendar today and reserve a few days from your hoHdays so that you
{

and Mrs. Engineer can attend the first Western Canadian Technical Con-
ference?

j

Your help in obtaining suitable technical papers for the Conference is

needed! Yoii are invited to siibmit simimaries of proposed papers to the
Papers' Committee Chairman, Professor J. B. Mantle, c/o College of

j

Engineering, University of Saskatciiewan, Saskatoon, Sask. If you know of
|

some engineer who could possibly contribiite a paper you might inform the
Papers Committee at an early date. The foUowing deadlines are in effect:

May 15, 1959 — last date for submission of summaries and abstracts

luly 1, 1959 — selection of papers complete

Sept. 15, 1959 — last date for submission of manuscrípts.

W. A. SMITH, M.E.I.C.

General Chainnan,
Western Technical Conference

McMaster University Engineering Faculty
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Month to Month
News of the Institute and the Profession

COMMENT

CORRESPONDENCE

ELECTIONS

AND TRANSFERS

International Yard and Pound

Letter to the Editor

It would be appreciated if you
would publish the enclosed announce-
ment on the international yard and
the international pound. The text is

self-explanatory but it may be of in-

terest to recall the following facts of

local concern to Canada.
In 1951 "An Act Respecting Units

of Length and Mass" (15 George VI,

Chapter 31) defined the Canadian
yard as 0.9144 metre, which is in

exact agreement with the joint an-

nouncement. The same Act defined

the Canadian pound as 0.45359243
kilogram which is slightly discrepant

with the ratio being established for

the international pound. This differ-

ence is insignificant in ali measure-

ments except those of the very highest

precision. Nevertheless steps are be-

ing taken toward the amendment of

the Canadian legislation to make the

Canadian pound 0.45359237 kilo-

gram and so legally equal to the in-

ternational pound. The ratio 0.9144

was chosen because it leads to a yard
which is approximately half-way be-

tween the present imperial (United

Kingdom) yard and the U.S. yard.

It has the added advantage of mak-
ing one inch exactly equal to 2.54

centimeters. The ratio used in the

Canadian legislation of 1951 to relate

the Canadian pound to the interna-

tional kilogram was the originally ac-

cepted ratio between the pound and
the kilogram. Through the years the

imperial (United Kingdom) pound
and the U.S. pound have become very

slightly different and the ratio used in

the joint announcement makes the

international pound approximately

the average between the imperial

pound and the U.S. pound.

L. E. HOWLETT,
Director, Divísion of
Applied Physics,
National Research Council,
Ottawa, Canada.
29 December, 1958

Announcement on the International
Yard and Pound

The directors of the following

standards laboratories —
Applied Physics Division, Na-

tional Research Council, Ottawa,
Canada; Dominion Physical Labor-
atory, Lower Hutt, New Zealand;

National Bureau of Standards,

Washington, United States; Na-
tional Physical Laboratory, Ted-
dington, United Kingdom; National

Physical Research Laboratory, Pre-

tória, South Africa; National Stan-

dards Laboratory, Sydney, Aus-
trália;

have discussed the existing differences

between the values assigned to the

yard and to the pound in different

countries. To secure identical values

for each of these units in precise

measurements for science and tech-

nology, it has been agreed to adopt

an international yard and an inter-

national pound having the following

definitions:

—

the international yard equals 0.9144

metre;

the international pound equals

0.45359237 kilograms.

It has also been agreed that, unless

otherwise required, ali non-metric

calibrations carried out by the above

laboratories for science and tech-

nology on and after July 1, 1959, will

be made in tenns of the international

units as defined above or their mul-

tiples or submultiples.

CONFEDERATION-A Progress Report

At the January meeting of Council

held in Toronto on the 31st, sound

support was given to the report on

Confederation presented by the In-

stitute's committee. Councillors right

across Canada from British Columbia

to Newfoundland approved the fol-

lowing resolution:

"That this meeting of the Council

of The Engineering Institute of

Canada receives and now approves

with appreciation the report of

its Committee on Confederation

(dated 6 Nov. 1958), instructs the

general secretary to circulate ali

members of The Engineering In-

stitute of Canada the ballot sug-

gested in Dr. Tait's letter of Jan-

uary 9, 1959, in a form to be

agreed upon by the Joint Com-

mittee and by Council, and requests

its Committee on Confederation to

continue its good work until the

proposed Provisional Council is

appointed."

The nex-t step will be to send a

report and a ballot to e\ en,- corporate

member of the Institute. This ballot,

if favourable, will authorize Covmcil.

in collaboration with the Canadian

Council, to set up a Provisional

Council whose duty it will be to pre-

pare ali the final details for final

presentation to the corporate mem-

bership for approval.

\\\Ú\ the Januar\ meeting of

Council, Confederation has taken a

great step forward.
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Scientific and Technical Manpower

The Department of Labour of

Canada is at present conducting its

annual survey of men and women in

the scientific and technical fields. The
purpose of this survey is to bring up

to date the records of these profes-

sional people which have been main-

tained by the Department since 1942

and, as well, to provida information

on Canada's manpower resources in

these fields for use in research.

The survey is designed to help

answer a number of important ques-

tions about scientific and technical

professionals. What kind of jobs do

these people move into on graduation

and how does this picture change as

they become older? What are the

typical career patterns of those in the

various engineering and scientific

fields, both in terms of salaries re-

ceived and types of work done? How
many and what kinds of engineers

and scientists eventually become re-

search workers, teachers, administra-

tors and executives? To what extent

do they feel that their professional

qualifications are actually used in dif-

ferent types of work?

The current survey is part of a pro-

gram in which one-third of the people

in scientific and technical professions

will be approached each year. By
these means, ali those registered will

be covered in a three-year period.

Those surveyed each year are selected

in a manner which permits the in-

formation secured to be used as a

statistical sample representing the

whole group.

This year's survey is the third con-

ducted by the Department since the

present program was inaugurated. In

the previous two surveys, some 34,000

engineers, scientists, architects and
veterinarians were mailed question-

naires. In 1959, it is planned to get in

touch with an additional 23,000 pro-

fessionals in scientific and technical

fields.

For the 1958 survey, statistics were

tabulated for a group of more than

11,000 respondents with regard to

their 1957 earnings, employment and
education. Engineers represented 55

per cent of those covered and na-

tural scientists 38 per cent, the re-

mainder being architects and veterin-

arians. For those with bachelor's de-

grees only, it was found that the

median salaries for engineers ranged

from $4,630 for 1957 graduates to

$10,605 for those who graduated in

the period from 1920-1924. For

scientists, the range of median sala-

ries was $4,400 for 1957 graduates to

$8,450 for those who graduated prior

to 1915. At ali leveis of experience,

salaries paid by industry were higher

than those paid by government or

universities. Industry was also the

largest employer, with 82 per cent of

the engineers and 52 per cent of the

scientists, followed by the federal gov-

ernment which employed 9 per cent

of ali engineers and 21 per cent of

ali scientists. The Department of

Labour issued a preliminary release of

these data last year and will be put-

ting out a final report shortly.

There is a rapidly growing need in

Canada for information of this sort

and this survey provides the major

source of such data. The Department

of Labours efforts, however, can

only be of real value if the coverage

of professions is extensive and infor-

mation on registrants is maintained

on an up to date basis.

The Institute fully endorses the

maintenance of the national register

of scientific and technical professions

and the surve\' program being under-

taken and asks that ali members who
have received the questionnaire form

this year co-operate by giving prompt
and accurate retums to the Depart-

ment of Labour, Ottawa.

Annual General

and

Professional Meeting

The Engineering Institute of Canada

Royai York Hotel,

Toronto,

June 8-9-10, 1959

The Engineering Journal will have advance

information about the meeting in every issue.
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2nd SOUTHERN ONTÁRIO
of The Engineering

Sheraton Connaught

Saturday,

YOUR RESPONSE AND ENTHUSIASM

shown lasf year has demanded that a second Southern Ontário Begional
Conference be held. If is again sponsored by the E.I.C., and ali Southern
Ontário E.I.C. and A.PJE.O. members and their ladies are urged to

atlend. Comprehensive plaas have again been made by a special Hamil-
lon Branch Conference Commiitee for your pleasuie and convenience.
The program will be stimulating for both engineers and their ladies

and will afford the opportunity to make many new íriends. Seven E.LC.
branches are participating to ensure the success of tfais Conference.
They are Toronto. Hamilton, Niagara Península, Kitchener, London,
Sarnia. and Border Cities.

11.00 a.m. MEZZANINE FLOOR

12.15 p.m. CRYSTAL BALLROOM

REGISTRATION
Advance registration forms and hotel accommodation forms will

be mailed to ali members.

MEN'S NOON LUNCHEON
Prior to and during the iníormal noon lunchecn, delegates will

have the opportunity to renew old friendships and make new
acquaintances.

1.00 p.m. CRYSTAL BALLROOM PANEL DISCUSSION

Whafs on the Horizon for John Smith, B.A.Sc., Class oí '65?

L. S. LAUCHLAND, M.A.sc, s. D. RENDALL, B.A., L. D. DOUGAN, b.a.sc, p.eng.,
M.E.I.C, P.ENG., Superintendent of Secondary Education, Vice-President, Operations.

Professor and Head oí ~ Department of Edncation, Toronto. Polymer Corporation Ltd., Sarnia.
Department oí Engineering Science,

University of Western Ontário.

MODERATOR

H. L. SHEPHERD, b.a.sc, m.e.i.c, p.eng.,

Manager, Salary Administration and Personnel Development, Canadian Westinghouse Cc. Ltd., Hamilton.

What can be more vital to our profession or our way oí liíe than the engineers who wiU join our ranks a few years

hence? What knowledge and skills will they require? How should they be trained? What will be expected of them
in their work? The panei will examine and discuss these related problems whose successful solution demands the

attention and efíorts of ali of us.

2.40 - 5.00 p.m.

6.00 p.m. SHERATON ROOM

7.00 p.m. CRYSTAL BALLROOM

TECHNICAL PROGRAM

RECEPTION AND COCKTAILS, AS GUESTS OF HAMILTON INDUSTRY

CONFERENCE BANQUET

8.30 p.m. CRYSTAL BALLROOM EVENING GUEST SPEAKER

Why Buy "Made in Canada"

STUART ARMOUR Economia Adviser, The Steel Company oí Canada Ltd., Hamilton, Ont.

Mr. Armour is one oí Canada's íoremosf economists. His subject affects each one of us as an individual and alsc

as a member of our community. The economic problems facing our country are ccmplex but their solution depends
on the actions of individual people.

9.30 p.m. CRYSTAL BALLROOM CONFERENCE BALL. DANCING TO CHRIS LOVETT AND
HIS ORCHESTRA
Dress informal. Corsages for the ladies.

Refreshments available.

éll ané á*P*B.O, members and tkei
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f REGIONAL CONFERENCE
Institute of Canada
Hotel, Hamilton

March 14, 1959 the special ladies' program

l-
permits your lady to accompany you and e&sures that her day will be

1 iust as enjoyable as yours. The Hamilton Branch E.I.C. Auxiliary and
W t)>e Wives oi Proiessional Engineers will be hostesses during the

fi special afternoon program.
r Arrangements have been made by ihese ladies to provide diessing

I accommodation in their homes ior the visiting ladies who will not be

1;; staying ovemight in Hamilton. The Brittany Suite will also be avail-

i able to the ladies throughout the Conference.

TECHNICAL PROGRAM

2.40 p.m. Future Trends in Extractive Metallurgy

DR. L. M. PIDGEON, B.A., B.sc, ph.d., p.eng..

Professor and Head oí Department oí Metallurgical

Engineering, University of Toronto

Dr. Pidgeon is a recognized aufhority on extraction

methods of light metais and initially developed the dol-

omite-magnesium extraction process which has been ad-

opted universally. Dr. Pidgeon's talk will be on new trends

and techniques and will deal particularly with energy
requirements in the metallurgical extraction field.

2.40 p.m. Corrosion in the Chemical and
Petroleum Industries

STAN V. ANTENBRING. B.sc, M.E.I.C.,

Chiei Construction Engineer, Imperial Oil Ltd., Sarnia, Ont.

The cost of corrosion to Canadian industry runs to many
millions of doUars annually. Mr. Antenbring will discuss

causes, effects and remedies for this most serious drain of

maintenance doUars that faces us ali no matter what our

field oí engineering.

3.30 p.m. Outstanding Problems in Microwave
Engineering

DR. G. B. WALKER. B.sc, ph.d.,

Electrical Engineering Staff, Assumption University, Windsor.

Dr. Walker is a recent arrival from the U.K., where he
acquired extensive experience in the field of microwave
transmission. This new field of engineering will be of

interest to ali engineers particularly now that we depend
so much on this médium of communication in our own
country.

3.30 p.m. Current Problems in Mimicipal
Engineering

W. A. WHETEN, B.sc, M.E.I.C., p.eng.,

Dep. City Engineer, City of Hamilton

Mr. V/heten will explain how demands of a rapidly

growing city are successfully met with particular reference

to sewage disposal, water distribution and pollution, road
construction and maintenance. Mr. Wheten has had con-

siderable experience in this type of work in different parts

of the world.

4.10 p.m. Recent Developments and Research in

Fan Design

J. BARRY GRAHAM, B.sc,

Research Director, Buffalo Forge Co., and Canadian Blower
and Forge Company.

Prior to his association with his present companies, Mr.

Graham was on the staff of U.C.L.A. at the Los Alamos
Atomic Laboratory. Every engineer can produce air. Mr.

Graham also knows how to move it and by the very latest

methods.

4.10 p.m. Power and Canada
R. A. H. HAYES, B.sc, M.E.I.C.. P.ENG.,

Vice-President, Sales, H. G. Acres & Co. Ltd., Niagara Falis.

Progress in Canada has closely parallelled our develop-
ment and utilization of power and will continue to do so.

Mr. Hayes has personally had a hand in the design and
construction of many of our largest power developments.
It would be difficult to obtain a speaker more qualiíied to

present a paper on this interesting subject.

for ihe Laifíesii

11.00 a.m. Brittany Suite Registration and coífee hour

1.00 p.m. Sheraton Room Buifet Luncheon

2.30 p.m. Sheraton Room Fashions for '59

The entire Ladies' Program will this year be held in the Sheraton-Connaught Hotel.

See above ior some of the special arrangements that have been made to ensure that the ladies have a
pleasant and enjoyable day.

Mies are eortliatty invited, PÍm HOW to otfeiid,
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OBITUARIES
The sumpathy of the Institute is extended to the relatives

of those whose passing is recorded here.

Dr. Charles Camsell, c.m.c, m.e.i.c,

formcr deputy niinister of mines, and a

past-president of the Engineering Insti-

tute, died on December 22, 1958, at the

age of 82.

Born at Fort Liard, N.W.T., in 1876,

he was the son of Captain Juhan S.

Camsell, Canadian Rifles, a chief factor

in the Hudson's Bay Company. He re-

ceived his early education at St. John's

College, Winnipeg, and his B.A. degree
at the University of Manitoba in 1894.

Later he took post-graduate work in

geology at Queen's University, and at

Harvard and Massachusetts Institute of

Technology.

Dr. Camsell spent the early years in

exploration and study of the northwest.

These early adventures were published

in 1954 by Ryerson Press in the book
"Son of the North", an autobiography.

From 1894 to 1900 he travelled in

Mackenzie River basin and in the region

west to the Pacific Coast, taking part in

geological survey work at Great Slave

Lake, Great Bear Lake and the Copper-
mine River basin. During part of 1901
he was exploring the Moose River basin

on James Bay for the Algoma Central
Railways; in 1902 he traversed the

woods buffalo country between the Peace
River and Great Slave Lake, and acted
as geologist to the Canadian Northern
Railway Company in western Ontário and
northern Manitoba in 1903. In the follovv-

ing year he joined the permanent staff of

the Geological Survey, travelling from
Dawson to the mouth of the Mackenzie
River and exploring the Stewart and Peei
Rivers. The year 1906 saw his activities

Ottfiwa /oiiinnl riioto

Dr. Charles Camsell, m.e.i.c.

transferred to British Columbia, where he
worked for five years on economia prob-

lems. In 1914, in charge of exploratory

work for the Geological Survey, he tra-

versed the country between the Atha-
baska River and Great Slave Lake. From
1918 to 1920 he was in charge of the

Vancouver office of the Geological Sur-

vey of Canada. In 1920 he was ap-

pointed Deputy Minister of the Federal

Department of Mines, later the Depart-
ment of Mines and Resources. He also

became Commissioner of the Northwest
Territories. He retired in 1946 as deputy
minister, but held the post of Commis-
sioner of N.W.T. for some time.

Dr. Camsell served on the E.I.C.

Council in 1929 and 1930, and was presi-

dent in 1932. He was president of the

Canadian Institute of Mining and Mctal-

lurgy in 1947, president of the Royai
Society of Canada in 1931, president and
one of the founders of the Canadian
Geographical Society. He held member-
ship and offices in a number of other

scientific and learned organizations.

Among his academic honours may be
noted the degrees LL.D. which he re-

ceived from Queen's Universit>' in 1922
and from the University of Alberta in

1929. The Royai Geographical Society

awarded him the Murchison Grant in

1922 and the Founders Medal in 1945.

The Institution of Mining and Metalhirgy,

London, presented him with its gold
medal. The R. B. Bennett Empire Prize

for 1945 was awarded to him for a paper
presented to the Royai Society of Arts.

The Professional Institute of the Ci\il

Service awarded its medal to Dr. Camsell
in 1946.

Gordon S. Stairs, m.e.i.c, chief engineer

of the Nova Scotia Department of High-
ways and director of its new research

and planning brandi died suddenly in

Toronto on October 5, 1958. Me had
been in Ontário on a study of the high-

way research program.

Born at Selma, Nova Scotia on August

31, 1889, he received his engineering

education at Dalhousie University and
at the Nova Scotia Tcchnical College.

He graduated with a B.Sc. degree in

civil engineering in 1911.

During the early years of his career,

he was employed on various engineering

projects, by the Western Canada Power
Company, Stave Falis, B.C. and by A. V.

White, Consulting engineer in Toronto.

Gordon S. Stairs, m.e.i.c.

In 1917 he was comniissioucd as a

lieutenant in the Royai Canadian Engi-

neers. After World War I he returned
to Nova Scotia to be assistant engineer
with the Halifax Works Department.
Later he was town manager and engineer
in Wolfville and in M'indsor, X.S. Be-
tween 1928 and 1934 he served L. E.

Shaw Limited and the Dominion Bridge
Company Limited. He became resident

engineer with the Department of High-
ways in 1934.

During \\'orld Wãi II he sen ed the

Royai Canadian Air Force for five years

in the Maritimes and Central Canada.
In 1945 he returned to the Highways
Department as division engineer of con-

struction. He was appointed chief engi-

neer two years ago.

Henrik Mugaas, m.e.i.c, civil engineer

died at his home in Meaford, Ont., on

August 4, 1958.

Mr. Mugaas was born on April 28.

1894 in the town of Evanger, Norway.
He attended schools in Bergen, and

technical high school at Darmstadt.

Germany. After more technical training

at Bergen, Mr. Mugaas began his career

there. Coming to Canada toward tlie end

of the 1920's, he worked on sur\e\s for

transmission lines.

From 1935 to 1943 he was with tlie

Lainaque Gold Mines Ltd., Xal D'Or,

Que., as chief survevor of the company.
In 1943 he joined the R.C.A.F., and
upon his release in 1946, he returned

to the Lamaque Mining Co. at Boiír-

lamaque. Que.
In 1951 he mox ed from \'al D'Or. Que.

to Meaford, Ont. where he worked on

the general hospital, new public utilities.

and also public and high schools.

In 1952 he accepted a position with the

Department of National Defence on

army construction. He also served the

Central Mortgage and Housing Corpora-

tion for se\eral years in the Maritimes.

John R. White, m.e.i.c, project super-

visor, chemicals di\ ision of the Products

Department of Canadian Industries

Limited, Cornwall, Ontário, died in

August 1958.

Born in Saskatchewan in the town of

Parkside on September 2, 1916, he gradu-

ated from the Uni\ ersit>- of Saskatchewan

with a B.E. degree in mechanical engin-

eering in 1938.

For two years he held various posts

with the Saskatchewan Power Commis-
sion and the P.F.R..\. Mo\ing East at the

end of 1939, he worked with the Con-
solidated Paper Corporation, Tlireo

Ri\ ers, Que. From 1940 to 1947 he was
emplo\'ed in the engineering dcpartments

of Defence Indiistries Limited and C..\n-

adian Industries Limited, as draughts-

man, quantit\ sur\eyor, and assistant

project engineer. In 1948 he was namod
cstimating engineer of thi' Department of

De\elopment for the chemical division

of Canadian Industries Liniittxl, Montreal.

In 1955 he was transferro<l to the Corn-

wall plant of tlie amipany.
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• OBITUARIES

James Emmett Flynn, m.e.i.c, project

niíineer with Narod, Dawson & Hall,

tied recently in Vancouver.

He was bom in Victoria, B.C., on

l.muary 4, 1914, studied forestry engin-

l oring at the University of British Co-
lumbia, graduating widi a B.A.Sc, in

1942.

Upon graduation he joined the H. R.

MacMillan Export Company as instru-

iiientman on logging operations, becom-
iiig in 1945 survey chief on extensiva

topographic surveys on logging opera-

tions. In 1947 he joined Bloedel Stewart

&: Welch Ltd., as resident engineer for

tlie construction and development of

pulpwood resources in connection with

tstablishing a new pulpinill. From 1949

to 1951 he was associated with Colum-
bia Cellulose Co. Ltd., on the construc-

tion of a pulpmill at Prince Rupert, B.C.

Later he worked for the Central Mort-

^ lííe ôc Housing Corporation and Defence

Construction (1951) Ltd.

He joined Narod, Dawson & Hall, con-

tiactors for the construction of the Deas

Island Tunnel, in 1957 as a project en-

gineer.

Wing Commander D. G. Joy, m.e.i.c,

former district director of air Services,

i i\ il aviation at Winnipeg, died at York

Mills, Toronto on October 30. He had
heen active in military and civil aviation

íroni 1915 until his retirement from the

Department of Transport in 1951.

Douglas Grahame Joy was bom at

Barrie, Ont., on February 16, 1887. He
^tudied mechanical engineering at the

University of Toronto, School of Practi-

( al Science, 1906 to 1910.

In the early part of his career lie was
issociated with the Ontário Hydro-Elec-
tric Power Commission.

In World War I he served overseas

with the Royai Flying Corps, winning
the Air Force Cross. He had been one
of the first graduates of the Curtiss

W right Aviation School in Toronto in

1916. He retired from the R.C.A.F. with
the rank of Wing Commander in 1922.

In 1920 he returned to the Power
Commission, but went into engineering

contracting in 1922.

He joined the Department of Trans-
port, Government of Canada, civil avia-

tion branch, in Toronto in 1930. He was
in.spector of civil aviation in that area
until after World War II.

Posted to Winnipeg then, he was dis-

trict controller of air scrvices concerned
with the civil aviation, radio, meteoro-
iogical and airways engineering divisions.

George Agar, m.e.i.c, retired vice-

president and assistant to the president,

Canadian Vickers Limited, Montreal,
died on June 22, 1958.

He was born at Barrow-in-Furnes"s,

England on August 8, 1893, and at-

tended technical school and mechanical
engineering courses there

He was first associated with Vickers
Ltd. in Barrow-in-Furness, as an ap-

prentice. In 1913 he became a marine

engine draughtsman. In 1917 he carne

to Canada and was appointcd assistant

chief marine engineering draughtsman
and designer for Canadian Vickers Lim-
ited, Montreal.

By 1949 he had attained the post of

exccutive engineer and assistant gen-
eral manager of the company. Later,

promotions were those of vice-president

and executive engineer, and vice-presi-

dent and assistant to the president. He
retired in 1957.

Thomas O. Whillans, m.e.i.c, who re-

tired in 1956 from the Government of

Canada Patent Office, died on October
16, 1958.

He was bom at Hurdman's Bridge,

Ontário on November 22, 1890. He
graduated from Queen's University with
a B.Sc. degree in mechanical engineer-

ing in 1917.

FoUowing graduation, he joined the

Imperial Ministry of Munitions at Wel-
land, Ont. From 1919-1920 he was a

mechanical engineer with Pedlar Peo-
ple Ltd., Oshawa. In 1921 he joined

the Canadian Patent Office as assistant

patent examiner. In 1951 he was ap-

pointed assistant commissioner of pat-

ents with the Patent and Copyright
Office of the Secretary of State De-
partment. He was among those award-
ed a Coronation Medal in 1953 by Her
Majesty Queen Elizabeth.

Canadian Institute of Mining and Metal-
lurgy, annual general meeting, Montreal,

Que., April 13-15, 1959.

Operations Research Society of America,
seventh annual meeting, Washington,

D.C., Spring, 1959.

Institute of Environmental Engineers,

third annual meeting, Chicago, 111., April,

1959.

Symposium on the Chemistry of Cellu-

lose, Tashkent, U.S.S.R., April, 1959.

Metal Powder Association, national

meeting, Detroit, Mich., April, 1959.

American Institute of Eléctrica! Engi-

neers, early 1959 conferences; Ainerican

power confcrence, (with ASME) Mar.

31-Apr. 2; railroad conference (with

ASME), Chicago, April 7-9; electric

heating conf., Philadelphia, Pa., April

14-15; electrical problems in tlie cement
industry conference, Allentown, Pa.,

April 16-17; recording and controlling

instruments conference, Philadelphia,

Pa-, Apr. 20-21.

American Society of Lubrication Engi-

neers; national meeting, Buffalo, N.Y.,

April 21-23.

International Association of Geodesy;
international symposium on instruments,

Washington, D.C., Spring, 1959.

Aero Medicai As.sociation, Los Angeles,

April 27-29, 1959.

Harold Frederick Bush, m.e.i.c, gen-

eral engineering supervisor at the Bell

Telephone Company of Canada, Mont-
real, died on December 4, 1958.

Born in Ottawa on October 2, 1899,

he attended primary and secondary

schools there. In 1918, his university

education was interrupted by World
War I, in which he served in the Can-
adian Army Service Corps. Returning

to McGill University upon his discharge

from the army, he obtained a B.Sc. de-

gree in electrical engineering in 1922.

Following his graduation he was for

some time employed as engineer with

the Hydro-Electric Commission of On-
tário, at Ottawa. In November 1922 he
joined the general engineering depart-

ment of the Bell Telephone Company
as an engineer. During the following

twenty-three years he worked in the

engineering department.

In 1946 he was appointed staff en-

gineer in the headquarters staff engi-

neering group where he played an im-

portant role in the decision to intro-

duce microwave radio relay systems in

Canada.

Mr. Bush was a member of the Am-
erican Institute of Electrical Engineers,

of the Canadian Standards Association

and the Canadian Radio Technical Plan-

ning Board.

International Association for Hydraulic

Research; eighth congress, Montreal, dur-

ing week of August 24, 1959. Informa-

tion about participation is available from
Leo Roy, c/o Quebec Hydro-Electric

Commission, 107 Craig St. W., Mont-
real 1, Que.

Fifth World Petroleum Congress; The
Coliseum, New York, May 30 to June
5, 1959. Congress Secretajiat, 527 Madi-
son Ave., New York 22, N.Y.

National Industrial Production Show;
(also a display by Britisli Manufacturers
organized hy the British Board of Trade,

and tlie Birmingham Exchange and
Engineering Centre), Toronto, May 4-8,

1959.

Chemical Institute of Canada; confer-

ences of the protective coatings subject

division, Toronto, Feb. 19, Montreal,

Feb. 20, 1959.

American Society for Quality Control,

Toronto Section; sixth annual fonmr,
Hart House, Universitj' of Toronto,

March 7, 1959.

American Meteorological Society; na-

tional meeting, Chicago, 111., Mar. 24-27,

1959.

.American Society for Metals, Montreal
Chapter; 1959 educational lecture series,

January to March. H. Neville Mason,
P.O. Box 371, Station H.. Montreal, Que.

Calendar
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

BRITISH COLUMBIA
Consulting Engineers Division

Some suggestions for stimulating B.C.

payrolls through the increased use of B.C.

products were presented to the Provincial

Cabinet by the Association of Professional

Engineers of British Columbia.
In a Brief prepared by the Consulting

Engineers Division of the Association, it

was pointed out that direct benefit would
accrue to B.C. manufacturers, contractors

and suppliers if engineering projects in-

volving the use of public money employed
permanent residents of the province as

the prime consulting engineers. Among
the advantages cited are the familiarity

of B.C. Professional engineers with local

conditions, building codes, and business

practices. Because of this local knowledge
they design for and specify locally avail-

able products and services, to the general

economia advantage of the province.

The brief was presented on behalf of

the Association by Pre.sident R. E. Wil-
kins, P.Eng., Past President George C.

Lipsey, P.Eng., D. H. Drake, P.Eng., and
Registrar J. A. Merchant, P.Eng.

ONTÁRIO
Annual Meeting of A.P.E.O.

Andrew W. F. McQueen, p.eng.,

M.E.i.c, of Niagara Falis, Ont., is the

1959 president of the Association of Pro-

fessional Engineers of Ontário. He took

office during the annual meeting on Janu-
ary 24. He succeeds C. T. Carson, P.Eng.,

as head of the organization.

In business life, Mr. McQueen is presi-

dent of H. G. Acres & Co. Ltd., consult-

ing engineers. At present the firm is un-

dertaking two large hydro-electric pro-

jects in West Pakistan. A member of the

A.P.E.O. since 1938, he has served on
the Executive Council during the last

two years, and last year was the Asso-

ciation's first vice president.

He is a graduate (1923) in civil en-

gineering froni the University of Toronto,

and received the professional degree CE.
from his alma mater in 1932.

Elected first vice-president for 1959
is Dwight S. Simmons, general manager
of manufacturing. Imperial Oil Ltd.,

Toronto. The second vice president is

John W. Holmes, design engineer, Cana-
dian General Electric Co. Ltd., Peter-

borough.

The following councillors were also

elected, two for each of the five engineer-

ing branches, in addition to one ap-

pointed for each branch by the Lieuten-

ant-Governor-in-Council.

Civil hranch: Tullis N. Cárter, \ ice presi-

dent and general manager. Cárter Con-
struction Co., Toronto, and William A.

Clarke, chief engineer, Ontário Dept. of

Highways, Toronto. The appointed repre-

sentative is V. S. Murray, also of Toronto.

Chemical and MetaJlurgical brandi:

Thomas H. Adair, assistant director of en-

gineering and metallurgy, Ontário Re-

search Foundation, Toronto, and Edmund
P. Lewis, sénior chemical engineer, PoU -

nier Corp. Ltd., Sarnia. One councillor lo

be appointed.

Electiical hranch: Robert L. Hicks, en-

gineer, distribution planniug and design

dept., Toronto Hydro-electric System, and
Gordon M. McHenry, consumer service

engineer, Ontário Hydro-electric Power
Commission, London. The appointed rep-

resentative is Dr. J- Herbert Smith, To-

ronto, president of Canadian General

Electric Co. Ltd.

Mechanical, Aeronáutica] and Industrial

hranch: Donald L. Angus, a partner in

the consulting engineering firm of H. H.

Angus & Associates Ltd., Toronto, and
Lawrence C. Sentance, manager of the

Defence Apparatus Division, Canadian
Westingliouse Co. Ltd., Hamilton. The
appointed representative is Dr. G. Ross

Lord, head of the mechanical engineer-

ing department, Lhii\ ersit>" of Toronto.

Mining hranch: William E. Bawden, chief

engineer of mines, Ontário Dept. of

Mines, Toronto, and Dr. Mare Boyer,

Deputy Minister, Canadian Dept. of

Mines and Technical Surveys, Ottawa.

The appointed representative is Dr.

George B. Langford, head of the depart-

ment of geological sciences, University of

Toronto.

The new Executive Council oonvened

at the Association's annual meeting which

held Saturday, January 24, at the Royai

York Hotel, Toronto.

Science Teacher Honoured

The newly established award to On-
tario's "maths and science teacher of the

year" has been won by H. E. Totten who
is head of the mathematics department

at Toronto's Forest HiU Collegiate.

Mr. Totten was selected over 17 other

teachers nominated across Ontário by the

various districts of the Ontário Secondarj-

School Teachers Federation. Presentation

«as made at the annual meeting.

T. R. Loudon Receives .\\vard

A pioneer in Canadian a\iation, Prof.

Thomas R. Loudon, P.Eng., of Toronto.

recei\ ed the Association's highest hononr,

the Professional Engineers' Gold Medal.

The citation reads: "The Professional

Engineers' Medal is presented by the

Association of Professional Engineers of

Ontário to Thomas Richardson Loudon.

B.Sc, C.E.. P.Eng., Professor Eméritos

of ci\il and aeronautical engineering.

Universit>- of Toronto, who as pro-

fessor of ci\ il and aeronautical engineer-

ing, has made a \ aluable contributíon

to the Professional and educational life

of his countr>"".

Students Recei\e Awards

Recipient of student awards of the

Association were: A. Ní. Hale, a graduate

of Uni\ersity of Toronto, who is em-

ployed by Prestou Woodworking Ma-
chinery Co., and H. R. Whiteley of

Ottawa, a graduate of Queen s. who is

in England on an .\thlone Fellowship.

Gordon Churchill, Guest Speaker

Trado and Conunerce Minister G<irdon

Ciiurchill paid tribute to the work beinp

done by Canada's engineers both at

home and abroad. He addressed the

annual meeting.

"Canadian engineering firms ". he said.

'"are alreadx' capitalizing on Canada s

reputation overseas. .\gainst the toughest

competition. contracts are bcing secnrcd

in OM-rseas coinitrios in such dixersified

fields as frequoncv' con\ersion of olec-

trical plant, pulp and paper consulting

engineering, bridgo design and niining

devclopment".

Canadian firnis competed reoenth-, he

said, for major contracts to pro\ide

defence tclccomniimications s>"stems for

\.\TO comitrios in Eiirope. radio broad-

casting o(iuipment for Latin .\merican

countrios, and airborne naxigation s>-s-

tems for use in tho l^nited States. Europc

and Japan.
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News of the Personal Activities

of Members of the Institute

Rt. Hon. C. D. Howe, P.C., Hon. m.e.i.c.

(B.Sc, Massachusetts Institute of Tech-
nology 1907) has been elected to the

board of directors of RCA Victor Coni-

pany Limited.

D. C. Turner, m.e.i.c. (B.A., chem., Mc-
Gill 1932) staff assistant, Canada Starch

Company, Cardinal, Ont., has been
tiected chairman of the Brockville

Branch of the Engineering Institute.

J. W. G. Scott, M.E.I.C. (B.Sc, civil, New
Brunswick 1949) partner in the firm

Turnbull & Scott, Saint John, N.B., is

tlie choice of the Saint John Branch of

the Institute as chairman for the cur-

Tcnt year.

E. Bodmer, m.e.i.c. (mech., Switzerland

1944) is the new chairman for the Baie
Comeau Branch of the Institute. He is

associated with the Quebec North Shore
Paper Company.

R. E. Wilkins, m.e.i.c. (B.Sc, civil,

Oueen's 1936) has been appointed as-

>istant to the president of B.C. Engi-
neering Co. Ltd., Vancouver. He was
iormerly superintendent of civil engineer-
ing design for the company. He is pres-

ident of the Association of Professional

Engineers of B.C. and the Military En-
mneers' Association of Canada.

James W. Kerr, m.e.i.c. (B.A.Sc, elec,

Toronto 1937) has been appointed pres-

ident and chief executive officer of

Trans-Canada Pipe Lines Limited. He is

the former vice-president and general

manager of the Canadian Westinghouse
Company's apparatus products group, at

Hamilton.

H. T. Miard, m.e.i.c. (B.A.Sc, civil,

British Columbia 1933) has been ap-

D. C. Turner J. W. G. Scott E. Bodmer

pointed deputy minister, Department of

Highways, of British Columbia. Hc has

been with the Department since 1947,

most recently as assistant deputy minis-

ter.

Rear Admirai/ (E) B. R. Spencer, m.e.i.c.

(Royai Naval Engineering College, Eng-
land, 1929) has been promoted from en-

gineer in chief to chief of naval tech-

nical Services at National Defence Head-
quarters, Ottawa.

W. A. Friebel, m.e.i.c. (B.Sc, elec,

Manitoba 1933) has been named man-
ager of Utilities of the City of Saska-

toon. He is the former city engineer.

C. A. Stollery, m.e.i.c. (B.Sc, civil, Al-

berta 1941) has been elected to the

board of directors of Royalite Oil Com-
pany, Limited. He is vice-president of

Poole Construction Company Limited.

A. W. Purdy, m.e.i.c. (B.Sc, civil,

Queen's 1949) has accepted a position

as district sales manager for the Can-
ada Cement Company Ltd. at Calgary,

Alta. He was formcriy district sales

manager for the Maritimc Cement Com-
pany Ltd., at Moncton, N.B.

D. C. Macpherson, m.e.i.c. (B.S.,

Queen's 1924) is vice-president of the

firm C. E. Macpherson Limited, Kings-

ton.

E. J. Cole, m.e.i.c. (B.Sc, civil, Saskat-

chewan 1944; B.A., physics, Sask., 1946)

has been promoted from assistant city

engineer to city engineer of the City of

Saskatoon.

A. J. Mclntyre, m.e.i.c. (B.Sc, elec,

Manitoba, 1947) has joined the St.

Lawrence Corporation Limited, Three
Rivers, Que., as assistant plant engineer.

He was formerly assistant project engi-

neer with Hanright and Company at St.

Cathariiies, Ont.

M. E. J. 0'Loughlin, m.e.i.c. (B.A.Sc,

chem., Toronto 1947) of Imperial Oil

Limited has been transferred to the

Halifa.x refinery as plant superintendent.

Allan G. .Moffat, m.e.i.c. (B.A.Sc, Toron-
to 1944) was appointed manager of Had-
din, Davis and Brown (Manitoba) Lim-
ited, late in 19.58.

A picture of .Mr. Moffat was included

Miard W. Purdy G. Moffat B. R. Spencer
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A. M. Thomson M. d'Amours H. M. Sherwood

• PERSONALS

in the N()\ (.'mbcr 1958 issiie page 96,

w ith an iiicorrect caption. The picture is

repeated in this issuc.

Rev. J. E. Page, s.j., m.e.i.c. (B.Sc, civil,

Manitoba 1945; M.Sc, commiinity plan-

ninjí, Manitoba 1958) former staff mem-
ber of St. PauFs College at Winnipeg,
is now a theology student at the Jesuit

Seminary in Toronto.

E. R. Graydon, m.e.i.c. (B.A.Sc., civil,

Toronto 1935) of the Dominion Bridge

Company Limited, was recently named
manager of the Ontário division. He was
formerly chief engineer of that division.

A. M. Thomson, m.e.i.c. (B.Sc, civil,

Saskatchewan, 1948) has been appointed

technical sales representative for con-

struction chemicals in Alberta and Brit-

ish Columbia for Dewey & Almy Chemi-
cal Division, W. R. Grace & Co. of

Canada Limited, Montreal.

T. M. Claughton, m.e.i.c. (H.N.C, elcc,

Oldham, England 1943) until recenlly

with the Montreal Engineering Com-
pany Limited, will be for approximacely

one year with C. A. Energia Eléctrica de
Venezuela, Maracaibo, Venezuela.

M. d'Amours, m.e.i.c. (B.A.Sc, elec.

Lavai 1945), former superintendent of

operations, Quebec Power Company,
has been named general superintendent.

Gordon Barnholden, m.e.i.c. (B.Sc,

chem., Saskatchewan, 1948) former plant

manager. Canada Creosoting Company
Ltd., Calgary, has been appointed super-

intendent of the company's British Co-
lumbia operations.

G. W. Redwood, m.e.i.c. (B.A.Sc, mech-
anical sciences, Cambridge 1946) suc-

ceeds R. L Stevens as works engineer of

the Shawinigan plant of Canadian In-

dustries Limited.

E. W. Blackmore, m.e.i.c. (B.Sc, Mc-
Master Univ., 1940), formerly products
superintendent at the Toronto tar plant
of the Dominion Tar and Chemical Com-
pany is presently assistant works man-
ager at the Hamilton tar plant.

P. A. Brett, m.e.i.c. (B.Sc. elec, Man-
itoba, 1948), is district manager at the
Winnipeg office of English Electric Can-
ada, and John Inghs General Engineer-
ing Division.

R. M. Ferguson, m.e.i.c. (B.Sc, civil, Al-

berta 1946) is assistant chief engineer

for Canadian Brown Steel Tank Com-
pany, Brandon, Manitoba.

H. M. Sherwood, m.e.i.c. (B.Sc, chem.,

Alberta 1933) has been promoted to

sales manager, textile fibres division of

Canadian Industries Limited, Montreal.

W. G. Muir, m.e.i.c. (B.Sc, mining, Nova
Scotia Technical College 1931) is mine
manager for Dominion Rock Salt Com-
pany Ltd. at Goderich, Ont.

J. M. Ferguson, m.e.i.c. (B.Sc, civil,

Saskatchewan 1946) has been transferred

to the head office of Mannix Co. Ltd.

in Calgary, Alta.

Walter J. Francl, m.e.i.c. (Dipl. Engr.,

mechanical and agriculture, Vienna 1948)

has been appointed chief design engineer

of the municipal engineering department
for the Edmonton office of Stanley.

Gimble Roblin Ltd.

T. J. Boyle, m.e.i.c. (B.Sc, civil, Sas-

katchewan 1937) is assistant engineer of

bridges, Canadian Pacific Railway Com-
pany. He has been a special engi-

neer on matters connected widi the St.

Lawrence seaway affecting the C.P.R.

Kaljo Tammik, m.f.i.c, (B.Sc, ci\ il, Goth-
enburg, Sweden) has recently been ap-

pointed design engineer with M. M. Dil-

lion & Co. Ltd., London, Ont.

P. J. G. Carrothers, m.e.i.c. (B.A.Sc,

Chemical and textiles, British Columbia
1944; S.M., M.I.T. 19.52) an as-

sociate scientist for the Fisheries Re-
search Board of Canada, at Vancouver
has been transferred to the biological

station at Nanaimo, B.C.

Dale A. Bailey, m.e.i.c, (B.E. ci\il, Sask.,

1953; M.S.C.E.. Purdue 19.58) has

taken over a post with the Federal De-
partment of Public Works, Regina, Sask.

In his new work he is resident engineer,

highways division.

A. L. Gourley, m.e.i.c, (B.Sc, mech.,

Queen's, 1946), is teaching at tlie Perth

& District Collegiate Institute, Perth.

Ont. Mr. Gourley was formerh" with

Phillips Eléctrica! Compan>-, in Brock-

ville, Ont.

G. Y. Sebastvan, m.e.i.c. (B.Sc.E., civil,

Michigan, 1953; M.ScE., Michigan,

1958), has joined the construction branch

of the Air Services, Department . of

Transport. Ottawa.

Major W. E. Blake, m.e.i.c. (B.Sc, civil.

Queen s 1947) is a militar>- observer for

U.N. in índia and Pakistan. He was

formerly at the First Canadian Infantr>-

Division headquarters.

Louis Mathys, m.e.i.c. (M.Sc. inecli..

Federal Institute of Technolog>'. Zurich.

1942), is in Cuba as chief engineer

for the acid and metal recoverv- plant of

Krebs S.A. Paris.

W. D. .\lexander, jR-E ic, (B.Sc, M.E ,

mech., Manitoba 1950) has recently been

released from the Royai Canadian Horst

Artillery. He is assistant professor in th«

mechuiical engineering dep;irtinent at

the Universit>- of Manitoba.

N. W. E. Lee, jr.e.i.c, (M.Sc, civil.

Purdue. 1954), of Hunting Technical

and Exploration Serv ices, has been tran.>-

ferred to Montreal. He is the coni-

pany's project engineer and general

representative in Photographic Survev

Corporation (QucIk-c) Ltd.

E. R. Graydon Walter J- Francl K. Tammik G. Y. Sebaslyan N. W. E. Lee
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Investment or Expense?
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A "SAVING" in the initial expenditure

for a crane can often spell unnecessary

expense later on . . . performance, long

life, and low maintenance costs are the

only sound basis of comparison.

With Dominion Bridge cranes you get:

• A custom-made unit which exactly suits

your specific handling requirements—at

a reasonable cost.

• Completely made in our ovvn shops

—

under ene roof.

• Nation-wide servicing facilities.

• The unmatched experience of 1500

successful installations.

Wrife for Catalogue MF.-lOO to Dominion

Bridge Company, Limited. Plants and Offices

throughoui Canada.

CRANES by DOMINION BRIDGE



• PERSONALS

C. Montainbeault, jr.e.i.c. (B.Sc.Eng.,

mining. Lavai 1952) has been transferred

to the Copper Cliff works of Canadian

Industries Limited, as project engineer.

Pierre Lefrancois, jr.e.i.c. (B.A.Sc., che.,

Ecolf Polytecbnique 1956) is doing post-

graduate studies in industrial administra-

tion at thc Carnegie Instituto of Tech-

nolog>-, Pittsburgh, Pa.

G. A. Metcalfe, jr.e.i.c. (B.A.Sc., civil,

Toronto 1951) a maintenance engineer

with the Department of Highvi^ays of

Ontário has been transferred from the

Chatham district to the Ottawa district.

Armand Couture, jr.e.i.c. (B.A.Sc, 1953,

civil, M.S., Lavai) is a transportation

engineer in the Montreal office of the

Foundation of Canada Engineering Cor-

poration Ltd.

F/L A. V. Rugíenius, jr.e.i.c. (B.Eng.,

chem., McGill 1951) former project of-

ficer for the directorate of aircraft engi-

neering at R.C.A.F. headquarters, Ot-
tawa, is studying at the College of

Aeronautics, England.

J. Edward Henderson, jr.e.i.c. (B.Sc,

civil, Queen's 1955) has completed re-

search work under an Athlone Fellowship.

He has a position as assistant to the

turbine erector, VVarsak hydro electric

project in West Pakistan.

Lee Morrison, jr.e.i.c. (B.E., geological,

Saskatchewan 1957) has been appointed

exploration geologist for Benguest Con-
solidated, Inc. at Baguio City in the

Philippines.

J. Shumiatcher, jr.e.i.c. (B.Eng., mech.,

McGill 1950) formerly field manager for

Canadol Construction Ltd., Calgary, has

become general manager of the firm.

J. M. Bentham, jr.e.i.c. (B.Eng., civil,

McGill 1947), has been appointed engi-

neer of track, Canadian Pacific Railway
Company.

R. F. J. Falconer, jr.e.i.c, (B.A.Sc, civil,

Toronto, 1955), is a project engineer

witli James F. MacLaren Associates, con-

sulting engineers in Saint John, N.B.

Raymond Hebert, jr.e.i.c, (B.A.Sc, civil,

Ecole Polytecbnique, 1953), has been
town engineer and assistant manager for

the Town of Seven Islands, Que., since

August, 1958.

W. D. Goodings, jr.e.i.c, (B.Sc. civil,

Queen's 1951) is with Proctor & Red-
fern, consulting engineers of Toronto as

resident engineer at Brantford, O.W.R.C.

R. C. Hermann, jr.e.i.c, (B.A.Sc, civil.

U.B.C., 1952), has been appointed

HAWS DRENCH SHOWERS
RID THE BODY OF

CAUSTICS and CHEMICALS
Instantly! Thoroughiy!

AcciDENTS with caustic Chemicals

strike with shocking swiftness—and

Haws Drench Showers are instant-

ly ready to deliver relief just as fast!

A solid downpour washes away de-

structive materiais—saving seconds

until medicai aid arrives, possibly

averting serious injury and exces-

sive compensation claims. Haws
Drench Showers can help you! Write

for details and illustrated literature.

MODEL 8935 — Drench shower augmented by

Haws eye-wash fountain. A complete safety

station — always ready

!

DRINKING FAUCET CO.
(Since1909)

1443 FOURTH STREET BERKELEY 10, CALIFÓRNIA

supervisor of construction cost in the

accounting section of the general engi-

neering department of the Aluminum
Company of Canada Limited, Montreal.

George V. Cox, jr.e.i.c, (B.Eng., civií,

McGill, 1956), is with the 0*Brien En-
gineering Company Ltd. in Nassau, Ba-

hamas.

L. J. Eibner, jr.e.i.c, (B.Sc, civil, Mani-
toba, 1948), until recently westem di-

vision engineer for Laminated Structures

Limited, Vancouver, has been transferred

to die Montreal branch of the firm as

sales co-ordinator.

Jan Dlouhy, jr.e.i.c, (B.Eng., chem., Mc-
Gill, 1954; Ph.D., McGill, 1957), has

joined the technical department of Cyan-
amid of Canada Ltd., Xiagara Falis, Ont.

as a sénior engineer.

R. P. Malis, JR.E.I.C, (B.Sc, civil, Mani-
toba, 1954), until recently resident engi-

neer at the Kootenay National Park for

the Department of Northern ,\ffairs and
National Resources, has been transferred

to Ottawa, Ont. as an administration

engineer.

W. J. Monkman, jr.e.i.c, (B.Sc, elec,

Alberta, 1949), is a design engineer witli

die Electrical Group of the Boeing Aero-

plane Company, Renton, \\ ashington.

Thomas ^'. Stephens, s.e.i.c. (B.Sc, elec,

New Brunswick 1957) has been trans-

ferred to Esquimalt, B.C. as a lieuten-

ant on the staff of the manager of elec-

trical engineering of H.M.C. Dock>-ard.

Douglas W. Ferrier, s.e.i.c. (B.Sc, civil,

Alberta 1957) has joined Associated En-
gineering Services Ltd., Edmonton, Alta.

Jean-Claude Hebert, s.e.i.c (B.Sc,

mech., Ecole Polytechnique 1958) is with

the Canadian Broadcasting Corporation

as assistant Quebec regional engineer.

Paul E. Tremblay, s.e.i.c (B..\.Sc., mech-
anical and electrical, Ecole Polytechnique

1958) is doing post-graduate studies in

London, England under an Athlone Fel-

hwship.

David G. Hobart, s.e.i.c. (B.Eng., mech.,

McGill. 1958), is studying economics at

Penibroke College Cambridge, England.

F. T. White, S.E.I.C, (B.A.Sc, eng. and
bus., Toronto, 1957), has joined Interna-

tional Business Machines, Toronto as

s\'stem anaKst.

Harold Norrish, s.e.i.c (B..\.Sc, civil,

British Columbia, 1958) is an assi.stant

project engineer with thc Greater \"an-

cou\er Sewcrage and Drainage District.

Jean F. Ricl, s.e.i.c (B..\.Sc., mech.,

Ecole Pol\ tochnique 1958> is at the

St.iti> Uni\ evsit\ of low a, for one year of

stutK in Indraulics.
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IT HAPPENED FIRST
AT BADDECK, N.S

•r
rilCHT IN CANADA

On Feb. 23, 1909, a 35-horsepower, eight

cylinder piston engine powered McCurdy's

'Silver Dart' on the first official flight in

the British Commonwealth.

Today, less than a lifetime later, over 60,000

horsepower in Orenda's IROQUOIS turbojet—

an engine six times the combined weight of the

'Silver Dart', its engine, pilot and fuel.

ÍS engines

will powçf the Avro Arrow

ENGINES LIMITED
MALTON, CANADA

MEMBER: A. V. ROE CANADA LIMITED & THE HAWKER SIDDELEY GROUP
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• PERSONALS

Piíul P. Steinhiibl, s.e.i.c:., (B.E., civil,

Saskatchc\\an 1958) has been appointed

assistant distiict en<íineer with the Sas-

katchewan Municipal Road Assistance

Authority.

Jean Paul Voisine, s.e.i.c, (B.S.A., elec,

Lavai 1958), is working as an electrical

engineer for Canadair Ltd. in Montreal.

P. J. Blanchard, s.e.i.c, (B.Sc, C.E.,

New Brunswick, 1958), is attending the

University of Michigan.

D. G. Turner, s.e.i.c, (B.Sc, elec, Mani-
toba, 1958), is employed as scientific

oíficer with the Defence Research Board,

Canadian Armament Research and De-
velopment Establishment, Valcartier, Que.

J. C. Hebert P. Tremblav B. de Cardaillac

W. S. Wilkinson, s.e.i.c, (B.E., chem.,

Nova ScoHa Technical College, 1958), is

working for the Shell Oil Company of

Canada.

NEW DREDGING EGONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

Á

3 Generations of Expcrience in 19 Countries.

One of a large group of dredging companies
spread over three continents.

Resources include 41 dredges and 112

siipporting vesscls of cvery type and size.

Beaver Dredging will be pleased fo provide

information and preliminary estimates.

COMPANY LIMITED
Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cob/e Address "Filling"

R. B. Swansburg, s.e.i.c, (mech., Acadia,

1953; B.E., mech., X.S.T.C., 1955), has

joined Kenwood Mills Ltd. as a sales

and service engineer in Arnprior, Ont.

J. H. Bertin Tremblav, jr.e.i.c, (B.A.Sc.,

them., La\al 1958), is employed in the

Quebec Department of Health.

Gilles N. Theberge, s.e.i.c. (B.Eng., civil.

McGill 1958), is assistant engineer for

Canadian Pacific Railway at Famham,
Que.

Flying Officer D. R. Bundy, s.e.i.c,

(B.E. mech., Saskatchewan, 1958), is a

radar officer at R.C.A.F. station in Lac

St. Denis, Que.

Wm. D. McGilvray, s.e.i.c, (B.Sc, mech.,

Saskatclvwm. 1958). is with the Steel

Comp xn>- of Canad.i Ltd.. Hamilton. Ont.

Bertrand de Cardaillac, s.e.i.c, (B.Eng..

elec. (comni.), McGill. 1957) is with the

chief electrical engineer of Asbestos Cor-

poration Ltd.

Paul R. Bennett, s.e.i.c, (\LSc.. mech..

Queen's, 1958). is employed as instrument

engineer w ith the Spruce Falis Power &
Paper Co. Ltd., in Kapuskasing. Ont.

N incent G. Beckie, s.e.i.c, (B.Sc. Geo-

logical. Sask. 1958) is working with the

iiroundwater section of the water rights

di\ision, Department of Agricultnre,

Pro\ ince of Saskatchewan.

Seaforth M. Lyle, s.e.i.c. (B.Eng.. elec.

McGill 1958), is doins: post gr.ulu-

ate work at McGill Universit\- in the

field of analogue computers.

J. Maitino, S.E.I.C, (B.Sc, mech.. Man..

1958). is employed as a reactor-mechani-

cal engineer with the maintenance and

power branch. Engineering Services Di-

vision, Atomic Energ\ of Canada. Deep
River, Ont.

Claude Maillct, s.e.i.c, (B.Eng.. eonunn-

nication, McGill. 1958). is now serving

as a lieutenant in the RCEME Coriví.

Canadian .\rni>' (R).

R. Kenneth Cox, s.e.i.c. (B.Eng.. civil,

McGill. 1958). has beoome assistant engi-

neer for W. D. Laflammo Ltd., otin-

tractors, Hull, Qvio.
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(Continued from page 77)

oiiment. If anything could be done
to reduce this by better selection of

alloys or other materiais for instru-

ment components it would be a step

in the right direction, the survey
concluded.

Trend Toward Automation in

Stock Preparation

The stock preparation department in

a paper mill furnishes stock to the

paper machines, proportioned as to

fibres and chemicals necessary to de-

\ elop the varied sheet characteristics

needed. The method of preparation
may be manual, semi-automatic or
automatic.

Comparative air-dry tons of stock
furnished per man-hour since the be-
ginning of automation, including col-

ouring, broke-pulping, purchased pulp
slushing and handling from storage,

average as follows: manual 0.538 furn-

ished per man-hour; semi-automatic,

1.53 tons furnished per man-hour;
and fully automatic, 1.83 tons furn-

ished per man-hour. This comparison
shows there has thus been a decided
increase in output per man-hour as

the stock preparation moved toward
automation.

Reasons for this continuous progress
include a) increased labour costs; b)
the need for improved unifomiity
free from human error, and c) the
high cost of buildings, storage and
equipment, particularly in mills where
space is at a premium. Complete auto-

mation of stock preparation is a next
step in the manufacture of a quality

product at a minimum cost.

Advantages of Electrical Equipment

Although, currently, in most mills

up to 90 per cent of the control

systems are pneumatic, electronic de-

vices enter into modern production
systems and processes in many phases.

Where put into service through care-

fully designed circuits and selected

components, they provide a valuable
and rugged controlling médium. Re-
luctance, in the past, to use such
equipment arose from fears that deli-

cate components and mysterious cir-

cuits would call for constant vigilance

by skilled mechanics.

Electronic control devices are de-

pendable in their performance under
the most rigid standards. "The Build-

ing Block" method of circuit assembly,
using sealed-in components, brings a

new strength and reliability to indus-

trial electronic applications.

Due to the fact that standard elec-

tronic control paneis with the same
basic assemblies can be used in so

many places in one paper mill, spare

parts inventories can be kept low.

There is one disadvantage in too

wide a use of electronic devices, how-
ever, which may become a boomerang.
When the equipment becomes too old

and breakdowns call for service and
replacements, there may be a lack

of specialists to do the repair work
on old and obsolete types of equip-

ment, now superceded by more ef-

ficient and up-to-date models.

Modernization Needed

In the United States a special sur-

vey was recently completed of busi-

ness needs for modernization in in-

dustry. The cost to replace obsolete

facilities for ali manufacturing was
assessed at $34.8 billion. Of the total,

needs for modernization in the pulp
and paper industry was set at $2.655
billion.

Since roughly one-third of the

United States' wood-fibre require-

ments comes from Canada, expendi-

ture for modernization in Canadian
pulp and paper mills might require

an outlay of some $1.32 billion, as-

suming a similar age of manufacturing
capacity as that of the pulp and paper
plants in the United States.

The U.S. survey referred to deter-

mined that of the pulp and paper
manufacturing capacity in the U.S.,

49 per cent had been installed prior

to Dec. 31, 1945; 17 per cent had
been installed between that date and
Dec. 1950; while the remaining 34
per cent of capacity had been instal-

led between December 1950 and
December 1957.

While no similar survey has been
published for Canada, based on gov-

ernment figures for production of

wood pulp at the end of each of these

periods a rough comparison can be
arrived at. Such a comparison would
indicate that some 55 per cent of

Canadian manufacturing capacity in

the pulp and paper industry had
been installed prior to 1945; another

20 per cent between then and late

1950, with the remaining 25 per cent

installed between Dec. 1950 and
December 1957.

In other words, a somewhat larger

proportion of Canadian pulp and
paper machinery and equipment than

that of the industry in the United

States may be presently in need of

modernization, though what propor-

tion of this modernization would be
for instrumentation can only be sur-

mised.

KAPLAN TURBINES
(Continued from page 61)

ent but usually to an unobjectionable

degree, and in this case were aggra-

vated by an unusually flexible oil

head support and very sensitive blade

response.

Another point of interest is the

method by which pressure is main-

tained on the oil in the runner hub.

The hub is connected through a cen-

tral pipe in the main shaft to a small

reservoir at the top of the oil head.

Relative elevations of the oil head
and hub ensure that static oil pres-

sure within the hub always exceeds

the water pressure of the tailwater

under ali conditions including shut-

down. Proper sealing of the hub
would make this feature unnecessary,

but it was felt that it provided an
extra insurance in case leakage of any
type should develop.

We believe that Beechwood was
the first application of an electro-

hydraulic governor in Canada. Our
Company is neutral on this subject

and installed this type of governor

at the request of the consultants. It

is felt that any advantages are

more in the dispatching field than in

mechanical governing. Its application

will undoubtedly be followed with

great interest.

Aside from the oil head problems

mentioned, the units had no more
than the usual run-in problems. The
turbine performed smoothly over full

gate range. Governing of the gates

and blades was smooth and respon-

sive.

In a paper given before the joint

E.I.C.-ASME meeting in 1956" it was
stated that 20% of the installed hvdro
capacity in the United States is of

Kaplan design. The comparable fig-

ure in Canada at that time was less

than 1%. Though conditions in Can-
ada and the United States varv con-

siderably in man\ basic respects, it is

reasonable to assume that the num-
ber of Kaplan installations will sharp-

ly increase as undeveloped power sites

become fewer in number and many
sites have to be reconsidered. The
Beechwood Developnient may be
considered as an important step in

this trend.
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NEWS OF THE BRANCHES

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

AMHERST
G. R. Pond, jR.E.i.c, Sec.-Treas.

TiDAL Power Studies undertaken

for the Annapolis River dam were dis-

cussed by J. D. Conlon at a branch meet-

ing on December 12, 1958. Mr. Conlon
is chief engineer, Maritime Marshlands

Rehabilitation Association.

General interest prompted a brief but

rigorous investigation of the tidal power
potential as well as the plant which could

utilize the rock fill causeway, the main
river control sluices and the temporary

flow bypass structures which the Annap-
olis River dam, presently under con-

struction for marshland protection and a

highway bridge replacement will com-
prise.

BAIE COMEAU
G. W. Scott, M.E.i.c, Correspondent

Dr. J. L. Lussier, of Quebec North
Shore Paper Company spoke at the meet-
ing of October 31, 1958.

Dr. Lussier discussed operation studies

carried out in the woods department of

the Quebec North Shore Paper Co. The
greater part of his discourse covered
the statistical analysis of evidence ac-

cumulated as the result of woods opcra-

tions' studies. These analyses determine

the most economic policy to be followcd

in a given set of opcrational circuin-

stances. The talk was supplemented with

statistical equations and diagrams.

The Annual General Meeting was
held on November 20.

In his report the retiring chairman, V.

M. Wallingford, said that following the

inaugural banquet held in December
1957 which was attended by the Insti-

tute's president and general secretary the

branch had had a most successful year.

The following executive was unani-
niously elected at the general meeting:
Chairman, E. Bodmer; secretary, L. A.

G. Tellier; treasurer, T. G. Rust; exec-

utive members, G. W. Scott, P. Suttie,

J. M. Pope; representative for Labrie-

ville, G. Laboissiere.

A dance which was attended by 60
members and guests followed the busi-

ness of the meeting.

BELLEVILLE
D. A. Law, jR.E.i.c, Correspondent

]. R. Mills, vice-president, Foundation
Company of Canada, spoke at the

branch meeting of December 8.

His talk on the Dew Line was fol-

lowed by an excellent coloured film.

For the construction of this defence

project advance parties, supplies, equip-

ment and prefabricated buildings were
landed by plane to estabUsh campsites.

Fuel, heavy equipment and structures

were transported by ship during the

short Arctic summer.

CENTRAL
BRITISH COLUMBIA
A. F. Joplin, M.E.LC, Correspondent

The Annual Meeting was held in

Vemon, December 5, 1958.

An interesting prelude to the meeting

was a dedication ceremony held at the

"lookout" over Kalamalka Lake, seven

miles south of Vernon. A monument
was erected to commemorate the work
of pioneer engineers, amongst whom is

A. E. Ashcroft who was responsible for

the design and construction of the

Vernon irrigation district.

Similar plaques and cairns were erected

at Oliver, PenUcton, Kelowna and
Revelstoke as a project of the Central

B.C. Branch in connection with British

Columbia's Centennial. Dedication cere-

monies will be carried out at these

centres. The engineers honoured by
these plaques are:

Oliver: F. H. Latimer, in charge of

South Okanagan Land Irrigation Project,

1905-1940; Penticton: A. H. McCulloch,

engineer in charge of construction of

Kettle \'aUey RaUway which reached

Penticton in 1914; Kelowna: F. W.
Groves, in charge of development of

water storage and irrigation 1908 till

1948: Revelstoke: Major A. B. Rogers,

C.E., who was in charge of construction

of C.P.R. through the Selldrk Mountains,

1880-1885.

CAPE BRETON
H. M. .\spinall, m.e.i.c., Correspondent

.\ Social Evenixg and dance vv.í~

held b\' the Branch on \ovember 1"

with about 40 couples attending. ]

was a very successful evening socialh

CHALK RIVER

C. A. Crawford, m.e.i.c, Chairman

The Chalk Rfser Project was dis-

cussed by three A.E.C.L. sp>eakers cr

November 19. They were: Dr. D. A
Keys, scientific advisor to tlie president

Dr. G. C. Butler, head, Biology Divisioii

and Dr. J. M. Robson, head. Xucle.r

Physics Division.

The members and ladies found tl/i

infonnation most interesting. Dr. Key>

talk was a histor>- of the project.

Dr. Butler explained tíie two usei c
biolog> in atomic engineering: the vis<

of pile products, and the determininc

of the eflFect of radiation on liff

.\ccording to J. M. Robson. tlie physici^'

now has more dependence on tbi

engineer, as new devices are devclopeii

Bishop .\. H. Sovereign
(right) retired bishop of

the Anglican Churcli in

the Yukon and N.W.T.,
officiated at the dedi-

cation of a plaque at

Kalamalka Lake. At Icft

is E. R. Gayfer, branch
chairman.
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ST. LAWRENCE CEMENT CO.

February 8, 1957

Mr. George E. Temple
Vice-President & General Manager
Catalytic Construction of Canada, Ltd.
600 Vidal Street South
SARNIA, Ontário

Dear Mr. Temple:

I should like to express my personal congratulations
to the Catalytic organization for the vital part it
played in the construction of our $28,000,000 cement
plant at Clarkson, Ont.

Your traditional claim of completing contracta
"On-Time and On-Budget" is certainly no idle boast.
It is a fact that your work, although involved and
complicated, was finished well in advance of
Schedule and within the prescribed budget.

This is ali the more remarkable because of the fact
that this was your first venture as mechanical
erector of a cement plant. This speaks volumes for
the ingenuity, adaptability and efficiency of the
Catalytic organization.

It can truly be said that Catalytic 's proven
knowledge and experience excellently equips them to
carry out any construction project "On-Time and On-
Budget" regardless of its scope and magnitude.

Wishing you continued success, I am

Yours very truly,

ST. LAWRENCE CEMENT CO.

B. Ulrich
Executivo Vice-President
ajid General Manager

«00 VIDAL ST. S., SARNIA, 01 TARIO

900 YONGE ST.. TORONTO, Oí TARIO

409 METROPOLITAN BLDG.. VflNCOUVER, BC

CATÀLVT I

C

CONSTRUCTION OF

CANADA LIMITED

CONSULTANTS • DESIGNERS • CONSTRUCTORS SERVING THE

PROCESS INDUSTRIES . PETROLEUM • CHEMICALS . PETRO-

CHEMICALS • MINING • PULP & PAPER • TEXTILES

lo U.S.A. CATALYTIC CONSTRUCTION COMPANY, Philadelphla
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• BRANCH NEWS

EDMONTON
I. G. Finlay, m.e.i.c, Correspondent

The SOUTH saskatchewan river dam
was disciissed at a meeting of the Ed-
nionton Brandi on November 26. The
speaker was R. Peterson, soil mechanics
engineer, P.F.R.A.

Mr. Peterson discussed the history of

the project, described the reservoir, irri-

gation, power and water supply scheme.

His familiarity witli the plan from soil

observations to cost and status of con-

struction made this a niost informative

session for the record audience of this

year, 117.

KITCHENER
John Runge, m.e.i.c, Correspondent

President K. F. Tupper visíted the

branch on November 24, speaking to

the members about his observations

diiring a recent visit to Rússia.

KINGSTON
D. I. Ourom, jr.e.i.c, Correspondent

New Developments in e.xplosives

and blasting techniques were described

on November 25 by John Bell of

Canadian Industries Limited, Montreal.

Mr. Bell discussed the use of milli-

second detonating relays, the use of

nitrocarbonitrates as blasting agents,

and the recent introduction of am-
nionium nitrate and fuel oil mixtures.

A fílm, "Blasting a New Niagara"

illustrated the blasting techniques re-

quired during the construction of Sir

Adam Beck No. 2 development.

LONDON
G. W. Chorley, m.e.i.c, Correspondent

The Annual Visit of the President

to London was on November 26. Presi-

dent K. F. Tupper was the luncheon

giiest of E. Rippingille, Jr., president of

G. M. Diesel Ltd., together with Dr.

E. V. Buchanan and the executive of

the Branch.

Mrs. Tupper was entertained at

lunch by the executive of the Engineers

Wives Association. In the evening a

cocktail party was given in their honour,

and a dinner meeting was held.

In the afternoon Dr. Tupper addressed

the engineering students at the Univer-

sity of Western Ontário.

NIAGARA península
D. A. Barnum. m.e.i.c, Chairman

A Joint e.i.c-a.p.e.o. Meeting was
held in Niagara Falis, on October
16, chaired by the E.I.C. branch. C.

Bruce Hill, president of E.T.F. Tools
Limited, spoke on Educational and
Technical Advances in Rússia.

John Fisher was the speaker at a

joint A.P.E.O.-E.I.C. meeting held at

St. Catharines, Ont., on November 18.

This meeting was chaired by the A.P.E.O.

branch. Mr. Fisher's subject was Build-

ing a Greater Canada.

President K. F. Tupper and Mrs.

Tupper, with General Secretary Gamet
T. Page and Mrs. Page, were guests of

the Branch on November 27. The exec-

utive met for discussions with the

visitors, and for dinner at the Niagara

FaUs Club.

The Burlington Sk\-way was the

subject of a taUc on December 4 by
H. W. H. Casperd. This was also a

joint meeting, chaired by the E.LC.
branch. A full description of the

planning, building of the Skyway was
given by Mr. Casperd, super\-isor of

field engineering and J. T. Gregg,

supervising bridge engineer.

NORTHERN NEW BRUNSWICK
Stewart K. Henr>', jr.e.i.c,

Branch Correspoiuíent

A GENER.\L meeting of tile Northcm
New Brunswick Branch was held on No-
\ember 18, with 20 engineers present.

Two Organizatíons

with Worid-wide Reputatíons

"BROOMWADE" and A V. ROE & CO. LTD.
In connection with the new Supersonic W ind Tunnel
at Woodford .\erodrome, A. \'. Roe & Co. Ltd. have
installed two -BROOMXN ADE" t\pe TS2X Stationar>

Air Conipressors.

The Tunnel operates on the intermittent blow-down
principie, compressed air being stored and then re-

leased to gi\ e Tunnel running times of about 40 secs.

and Macli Numbers between 1.6 and 3.5.

"BROOMWADE" is proud to be associated with tho

project.

"BROOMWADE" Air Compressors are ECONOMI-
CAL, EFFICIENT and RELIABLE. Constant research

and development steadily impro\-e performance.

AVAILABLE FOR EARLY DELIVERY

Write NOW for full details

AIR COMPRESSORS & PNEUMATIC TOOLS

Your Best Investment

CANADIAN BROOMWADE LTD. 144 Park Lawn Road, Toronto, Ontário

Two "BROOMWADE" Type TS2X Stafionary Air Compressors each supplying 1000 c.f.m.
of free air at 100 p.s.i.g.

Telephone: CLifford 9-6375 Telegraphic Address: "Broomwode Toronto"

Maritimes: Gill & Co. Ltd., Saint John, N.B. Quebec: Laurie & Lamb, Montreal 3, Que. Watson Jack-Hopkins Ltd., Montreal, Que. Rene Talbot Ltee., Quebec 2,

Que. Watson Jack-Hopkins Ltd., Quebec, Que. Ontário: Laurie & Lamb, Toronto 5, Ont. Watson Jack-Hopkins Ltd., Toronto 17, Ont. Tem Sales Co. Ltd., Toronto.
Ont. Watson Jack-Hopkins Ltd., London, Ont, Watson Jack-Hopkins Ltd., North Bay, Ont. Watson Jack-Hopkins Ltd., Westboro, Ottawa, Ont. Huggard
Equipment Co. Ltd., Port Arthur, Ont. Manitoba: Huggard Equipment Co. Ltd., Winnipeg, Man. Saskatchewan: Western Equipment Ltd., Regina, Sask.
Western Equipment Ltd., Saskatoon. Alberta: Coutts Machinery Co. Ltd., Calgary, Alberta. Coutts Machinery Co. Ltd., Edmonton, Alberta. British Columkia:
B.C. Equipment Co. Ltd., Vancouver I, B.C. Watson Jack-Hopkins Ltd., Vancouver 9, B.C. Newfoundtand and labrador: Dominion Machinery & Equipment
Co. Ltd., St. John's, Newfoundland.

Issued by BROOM & WADE LTD., HIGH WYCOMBE, ENGLAND. Subsidiary Componies and Agents throughout the World. 0.589SA$.
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Portable X-Ray

This equipment is osed

extensively by Horton

personnel for quality

control. The unit inspects

welded seams
non-destructively on field

erected work.

AH radiographs are

checked in the field by

erection office welding

supervisors to insure quality

welcfing. These fil.Tis,

ogain checked at Fort Erie,

are placed on permanent file.

Mo/f/p/e Po/ní Pofenfíomefer

An electronic device for recording the temperotures on

various points of the structure being stress relieved.

LD ERECTION SERVICES

Cuyless Derrick

Devised by Horton engineers, the guyless derrick odds greatly to

working convenience when erecting elevated tanks by containing ali guy

wires wKhIn the structure itself. In erecting this Woterspheroid at

Red Deer, Alto. a side-boom tractor was used for placing the base

plates. On oil storage tanks a side-boom tractor, with a 58 boom,

has been used by Horton field engineers.

HORTOISI
HORIZONS

WORKS LIMITEO
CALGARY TORONTO MONTREAL
MAIN OFFICE AND PLANT FORT ERIE ONTÁRIO
WESTERN PLANT • LET HBRIDGE A L B E R TVA

AGENTS • GORDON RUSSELL LTO VANCOUVER ^UMFORO MEOUAND LTQ ^\<NNI PEG

ANKS AND STEEL PLATE WORK FOR MUNICIPALITIES, PETROLEUM AND OIL, CHEMICAL PROCESS, MINING,

PULP AND PAPER, AIRCRAFT . . . AND INDUSTRY AT LARGE.
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• BRANCH NEWS

P. J. Delicaet was elected vice-chair-

nian, by acclamatíon. It was announced
that R. C. Eddy would represent the

Brandi on tlie E.I.C. Nominatíng Com-
mittee, and that A. W. Rowe and R. W.
Rankine were appointed branch audi-

tors. Menibership of the branch nominat-

íng conimittee was also announced. The
branch annual meeting was planned for

May 29, 1959.

John A. McLaren, E.I.C. field secre-

tary was a guest at this meeting. A de-

hcious lunch was served by comphments
of tlie Connolly Construction Limited.

MONCTON
V. C. Blackett, m.e.i.c, Sec.-Treas.

The Engineers Wives Association
of the Moncton Branch held a

pot luck supper meeting, on November
13, arrangements for which had been
made by Mrs. H. L. Purdy, social

convenor.

The president, Mrs. Wesley M.
Steeves, chaired the meeting. The guest

speaker, Dan BilUng, co-ordinator of

civil defence for southern New Bruns-

wick was introduced by Mrs. Anne
Nason, and gave a brief outline of the

work being carried on by Civil

Defence.

Mrs. H. L. Purdy, Mrs. Anne Nason,
Mrs. V. C. Blackett, and Mrs. Wesley M.
Steeves, executive of the Engineers'
Wives Association, Moncton Branch.

The secretary-treasurer's report was

1

read, and Mrs. J. W. \\'ard was named

I

to the executive. Mrs. M. F. K.

! Leighton who had attended the 72nd
annual meeting of the Institute in

Quebec Cit>% spoke of work being done
in other wives' branches across Canada.
Mrs. G. J. Gaudet, Mrs. R. C. Gillespie

and Mrs. C. O. Lockhart, transferred

back to Moncton, and Mrs. R. F. Níac-

Kenzie and Mrs. J. A. Baxter were wel-

comed as members.
.

A Christmas Dance Axd Bitfet
Sltper held on December 5 at the

Brunswick Hotel, was enjoyed by mem-
bers and their wives. It was sponsored

b\- tlie Wives Association.

Buffet table decorations were supphed
by Mrs. D. A. Foster. Each lady re-

ceived a corsage. Prize winners during

tlie evening were Mr. and Mrs. R. C.

Gillespie, Mr. and Mrs. H. J. Cnidge
and Mr. Jack Veness.

Music was provided by the Maurice
Stevens orchestra.

J. A. McLaren, eastem field secretar>-

of the E.I.C, visited Moncton on

November 13, and was the guest at

dinner of tlie branch executixe. Later,

there was a conference at which Mr.

McLaren explained and emphasized
certain Institute sersices available to

the membership. He referred particularly

to the librar\- at Headquarters. There
was a lengtliy discussion regarding T/ir

Enginceriug Journal. The executi\"e were
unanimous that the most desirable

articles were those dealing witíi major

Canadian engineering works, eidier

under construction or recently completed.

NIPISSING, UPPER OTTAWA
D. W. Briden, jr.e.i.c, Sec.-Treas.

Ladies Night, November 7. 1958, Nxas

the occasion of the visit to tlie branch

of President and Mrs. K. F. Tupper

and General Secretar> Garnet T. Page.

The e\ent took the fonn of a dinner

and dance held at the Goldon Dragon

restaurant. Xorth Ba\, Ont. Dr. Tupi>er

spoke to the eight>-four members, >\ives

and guests present alwut his recent trip

to Rússia. It was a most on)oyable and

interesting cx ening.

SUPERIOR PERFORMANCE
L.OW SIL.HOOE'
SIMPLE OPERATION

In Air Cooled

Condensers

it takes a

SPECIALIST

to make the best!

KeepRite Heat Transfer Specialists are your
one sure source for the best air cooled condensers.

• DEVELOPED IN CANADA by KeepRite . . . now used extensively throughout

the continent.

• PROVEN PERFORMANCE . . . through four years of successful field operation.

• LOW SILHOUETTE . . . neat appearance and unobtrusive design for roof

mounting.
• TROUBLE-FREE WINTER OPERATION . . . accomplished by simple and efifective

patented Limitrol winter control.

• SIMPLE INSTALLATION ... no water connections required.

• MINIMUM MAINTENANCE . . . only moving parts are the fan and the fan

motor.

• UNLIMITED CAPACITY . . . through simple multi-plexing with standard units.

Up to 45 nominal tons per unit.

Brantford Canada
A 1 00% Canadian Company

ite PRODUCTS LTD.
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• BRANCH NEWS

OTTAWA
Arthur H. Graves, jr.e.i.c,

Publicity Chairman

Alan Hay, m.e.i.c, general manager
F.D.C., and Walter B. Bowker, informa-

tion division, F.D.C., spoke on "The
National Capital Plan" on October 9,

1958. Approximately 60 persons attended.

J. W. Kerh, m.e.i.c, vice-president and
general manager, apparatus products,

Canadian Westinghouse Co. Ltd. ad-

dressed the joint meeting ( with A.I.E.E.

)

on October 16, on "Some Impressions of

the U.S.S.R." Attendance exceeded 100
persons.

Regular Luncheon, November, 1958,
vvas addressed by C. K. Hurst, M.E.I.C.
on "Interesting Sidelights of Ripple
Rock". Attendance, 75 persons.

Lt. Col. J. I. Thompson, CO. Army
Survey Establishment spoke at Novem-
ber 20 meeting on "Topographical Map-
ping in Canada". Attendance was 50.

SARNIA
Leroy d. Smithers, president and gen-

eral manager of Dow Chemical Co. of

Canada, spoke to the Sarnia Branch of

Clair Huston, Leroy D. Smithers, Chair-

man R. A. McGeachy.

the Institute on November 20.

Mr. Smitliers was the final speaker

in the Branch's eight-week professional

Development course.

SUDBURY
F. Jackson, m.e.i.c, Correspondent

President K. F. Tupper, visiting

the branch on November 10 with

General Secretary Garnet T. Page,

attended a dinner dance.

Dr. Tupper, introduced by W. J.

Ripley, M.E.I.C, talked about Engineer-

ing in the U.S.S.R., and made other

observations of his recent trip.

UNIVERSITY OF MANITOBA
Brian K. Laxdal, s.e.i.c

Student Chairman

Each TmjRSDAY at 12:30 to 1:30 p.m.,

in the Engineering Building, films and
speakers as follows, have been presented

to the University of Manitoba, Student
Section.

Oct. 2—Operation Bluejay, (Attendance

200); Oct. 9-Dawn's Early Light (200);
Oct. 23—Strange Case of Cosniic Rays,

(200); Oct. 30-Skywateh on "55",

(200).

Nov. 6—Speakers: H. F. Brehaut, Mani-

toba Bridge and Engineering Works; M.

J. Davies, chief geologist, Manitoba De-
partment of Mines and Natural Resources.

Nov. 13—Investment panei—sponsored by
Winnipeg Chamber of Commerce; panei

members: E. Jackson, moderator; L.

Cemeron, mutual investments; J. Mac-
Knight, stocks and bonds; S. Scott, life

insurance.

Nov. 20-Dr. K. F. Tupper, president

E.I.C; Nov. 27-fihn, Phoenix Tower,

(200).

Membership drive, Nov. 4-8; ajDproxi-

mately 80 new memberships resulted.

WINNIPEG
P. M. Abel, jr.e.i.c, Correspondent

The Ripple Rock explosion was dis-

cussed at a meeting, November 20, by

the technical service manager, explosivos

department, Dupont Company of Can-

ada, R. S. Harding.

The meeting (attended by 70) first

saw the excellent colour film prepared

by Dupont which deals with the pro-

ject. Afterwards, the meeting was con-

ducted on a question and answer basis.

President K. F. Tupper and Mrs. Tup-

per, with General Secretary Gamet T.

Page were guests of the branch on

November 19, 20,, 1958.

EXPERIENCE
is the BEST TEACHER

We live and learn — and Stone &
Webster engineers have lived and learned

on importam projects ali over the world.

Steani and hydro-electric power sta-

tions, oil refineries, paper mills, chemi-

cal plants, hospitais, manufacturing

facilities — installations of ali sizes and

for many purposes have been planned,

designed and constructed by skilled

Stone & Webster specialists. This

experience has taught them that every

problem has a solution.

If you have an engineering problem,

put Stone & Webster's experience to

work for you.

STONE & WEBSTER
CANADA LIMITED

44 King Street West — Toronto 1

SW2a
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SHOE-HORNED

INTO

POSITION

3hoe-horned into position" well describes how
Dominion Bridge Water Tiibe Package Boilers can

be installed wbere space is at a premium. These

compact units require small floor area and are

particiilarly suitable where low bead room conditions

are encountered. Other advantages include:

All-Canadian Design and Manufacture. Built in

Canada, specifically for Canadian conditions. Backed

by experienced nation-ivide engineering staffs.

Advanced Design: No headers to impede free water

circulation or to complicate maintenance problems.

Furnace walls are water-cooled. Pressurized firing

eliminates the necessity of bigh stack.

Wide Choice: of gas or oil firing equipment (or in

combination) to suit local conditions and fuels.

For complete Information write for Bulletin BF-121.

DOMJNION BRIDGE COMPANY, LIMITED. Plants:

MONTREAL. • OTTAWA • TORONTO • SAULT STE.

MARIE • WINNIPEG • CALGARY • EDMONTON •

VANCOUVER • Assoe. Company Plants: AMHERST, N.S.:

Robb Engineering Wks. Ltd. QUEBEC: Eastern Canada

Steel & Iron Wk.s, Ltd. WINNIPEG: Manitoba Bridge &
Eng. Wks. Ltd.

I

Buy Conodian
|

PACKAGE Water Tube

BOILERS by DOMINION BRIDGE
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Which Deaerator
is the better buy?

These two médium sized deaerators look alike. We designed both. They have the

same outlet capacity, carry similar guarantees and meet the ASME code. But
one costs $2000 more than the other.

Which is the better buy?

Obviously, you would want to know more about each unit in order to make
a sound decision. Construction to ASME standards and basic guarantees are

but part of the quality story. The higher priced unit, for example, has far

heavier shell plate, more tray area and spilling edge, superior shell reinforcement,

stainless instead of carbon steel baffle, anti-ílash downtake. Ali of these

features, we have found, are important to continued top performance.

As one of the world's largest and most experienced manufacturers of

deaerators, we believe we know which unit is the better buy. Extra margins
of strength and capacity — wisely selected — are not luxuries but sound
investments that eliminate downtime and expensive field repairs.

That is why we recommend quality, and why thoughtful engineers

insist on quality. If you are considering the purchase of deaerating ^ Deoeration— the prob-

equipment we are prepared to help you evaluate ali the features that °' deaerotors

mean true economy in service. Ask for Bulletin 4650 on the pp >

•

"Why and How of Deaeration".

CWC-159

1355 Martin Grove Road, Rexdale P.O..

Toronto, Canada.

WATER CONDITIONING LIMITED Montreal Winnipeg Vancouver
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News of Other Societies

C.C.A. Meets at Montreal

The 41 st annual meeting of the Cana-
dian Construction Association was held

at the Queen EHzabeth Hotel in Mont-
real, January 18-21, 1959. Over a thou-

sand delegates were welcomed by the

Hon. Sarto Fournier, mayor of Montreal.

J. Eric Harrington, M.E.I.C., vice-presi-

dent, Anglin Norcross Quebec Limited,

was elected president of the Association

for the coming year.

Association President, Harold J. Ball

of Kitchener, noted that the volume of

construction had continued to rise in

1958, while many other industries had
experienced a decline in activity. As
Canada's largest industry construction

had thus played a key role in our coun-
try's overall economic stability. "The
upward trend should continue in 1959
to a total of perhaps $7^ billion," he
predicted. "Because of improved tech-

niques the construction dollar will give

relatívely more value than ever before,

increased costs notwithstanding. The in-

dustry still has almost unlimited scope
for further advances."

Noting increased wintertime construc-

tion and virtual elimination of shortages

as outstanding achievements in the past

year, he voiced the impression Canada
had now reached a stage where there

was a definite surplus of contractors. In

spite of record volumes there would be
a "buyer's market" with bitterly keen
competition being a standard condition.

Committee Reports

Apprenticeship Committee chairman,
H. C. Nicholls, reported a 4 per cent

increase in registration of indentured
apprentices during 1958 or to 8,593, in

eight provinces having apprenticeship

agreements with the Federal Govern-
ment. This growth however was at a

diminishing rate compared with the 9
per cent increase in 19.56 and the 7 per

cent increa.se in 1957.

Chairman D. H. Jupp of the Business

and Contractor Relations committee re-

ported progress in the development of

bid depositories had been limited, al-

though establishment of such arrange-

ments in Ottawa last September for

plumbing and electrical trades was
highly significant.

Chairman Robert Hewitt of the Con-
struction Equipment Committee reported

the publication of a revised edition early

in 1958, of the CCA "Rental Rates on
Contractors Equipment" Schedule.

Chairman V. L. Leigh of the Housing
Committee drew attention to the record

breaking total of more than 150,000
completions in 1958. Cost and availability

of land were more of a problem than

actual construction costs. Land prices for

NHA units had risen roughly 5/2 times

as much as building costs during the

'fifties'.

Chairman G. F. Lipsett of the Labor
Relations Committee reported submis-

sion of a Brief to the Minister of Labour.

Chairman A. Blake Robertson of the

Legislation committee reported on follow-

up activities arising out of the brief sub-

mitted to the Minister of National

Revenue in December 1957 relative to

Department policies on reporting income.

Although the department had not

adopted the Association's first submission

a number of related matters were clari-

fied and agreed upon.
Chairman W. A. Marshall of the Sales

Tax Committee drew attention to the

fact that federal sales tax exemptions on

material and equipment available to

júnior governments tended to discourage

them to set up their own forces to carr>

out work normally going out to competi-

tive tender. He urged the present dis-

crimination against contractors be re-

moved. A major sales tax hardship

existed, he pointed out, in the different

tax treatment given to competing mate-

riais.

Chairman Ray Brunet of the National

Joint Wintertime Construction Com-
mittee, stated that although volume and
employment this winter should be greater

this winter than in 1957-58, upvvards ot

one third of those unemployed were
construction workers. He expressed hope
ali those having authorit>' over the initia-

tion of construction work would also plan

now and in ensuing months so projects

would be scheduled to provide emplo\ -

ment next winter wherever possible.

On the second day's morning session

delegates heard addresses by Major-Geu-
eral H. A. Young, Deputy Minister of

Public Works, and President R. G. John-

son of Defence Construction (1951) Ltd.

General Young's remarks are reported in

another section.

Defence Construction

R. G. Johnson, president of Defence

Construction (1951) Limited told dele-

gates that in 1958 DCL had awarded
contracts to the value of $90 million.

compared with 58 million in 1957, while

it entered 1959 with work outstanding

valued at some $69 million. DCL ex-

pects expenditures on defence contracts

in 1959 may be nearly doubled those of

1958, or nearly $100 million.

A total of $86 million was the present

estimated Canadian contribution towanK

engineering and construction on Colombo
Plan projects with which DCL is as-

sociated. Up until the end of 1958 Cana-

dian expenditmres on these projects

amounted to $54 million.

NUCLEAR CONGRESS 1959
Forty sessions will be held during

the five-day Nuclear Congress, 1959.

which begins April 5 at the Public

Auditorium in Cleveland, Ohio. The
Engineering Institute is one of the

tvventy-nine sponsoring societies. The
Congress v\'ill be comprised of the

Fifth Nuclear Engineering and Science

Conference, the Seventh Atomic

Energ>' Management Conference, the

Se\ enth Hot Laboratories and Equip-

ment Conference, and the Atomfair.

Nuclear Engineering and
Science Conference

There are 24 sessions scheduled in

the Nuclear Engineering and Scienc-e

Conference. Their subjects are: Waste

Disposal; Nuclear Research Test and

Training Facilities; Simulation and

Experimental Instrumentation; \\'ater

Supply; Nuclear Instruments; Nuclear

Component Design; Health Physics;

Heat Transfer; Reactor Instrumenta-

tion; Chemistry and Chemical Pro-

cessing; Power Reactor Design: In-

strumentation; Nuclear Fuel Process-

ing Plants — Design and Practice:

Radio Tracers in the Process Indus-

tries; Reactor Physics; Fuel Tech-

nology; Isotope Application; Euro-

pean Power Reactor (A), (B) and (C);

Fusion Processes; Metallurg>- and

Materials I, II; Reactor Operating

Experience and Maintenance.

The Atomic Energy Management
Conference consists of a series of dis-

cussions on the broad application of

nuclear power and influence. and the

potential of the nuclear field on the

sociological and economic stnicture of

industry.

The seventh conference on hot

laboratories will deal with the highh

technical details of the de\elopment

of equipment and operation of labora-

tories for atomic energ\'.

The Atomfair. which is open for the

whole fi\'e days duration of the Con-

gress from 9:00 a.m. to 5:00 p.ni. is

an exhibit b\ major manufacturers of

the latest products, components and

serx ices for the peaceful uses of atomic

enorg>\
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AU Ccffiacfo Iron MacMnery is

PRECISION

A Canada Iron croftsman checks the sub assembly
of a housing and rotor, part of an air pressure

feeder for the pulp and poper industry. Very
dose tolerantes are essential before assembly.
The unit'5 total weight Is 7,400 Ibs.

by MASTER CRAFTSMEN
Experienced in their craft,—conscientious in their work,
the master craftsmen of Canada Iron take pride in the

machinery they build. They have profited by years of

practical knowledge, and you, too, will profit when you
bring your problems, or your blueprints, to Canada Iron's

engineering staflF. For the machinery built by Canada Iron is

precision engineered to function smoothly, giving you
complete satisfaction. Cali Canada Iron.

Cctncidct Irem
AC I N E R Y

CANADA IRON F O U N D R I E S , L I M I T E D

Sales Offfices Montreal: 921 Sun Life Building, UNiversity 6-7841 • Toronto: 169 Eostern Avenue, EMpire 3-8801
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LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY» REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prepared by the Library, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Library in New
York.

CABMA REGISTER OF BRITISH INDUSTRIAL

PRODUCTS FOR CANADA, 1958-59

There are over 3200 British prodiicts

listed in the sixth edition of this most

useful Register. More than 4000 British

firms interested in export are listed, with

information on their prodiicts, address

and Canadian distribution arrangements.

Canadian associated companies of British

firms are Hsted separa tely. (Canadian

Assoe, of British Manufacturers and

Agencies. London, Hiffe, 1958. 653p.

)

THREE STEPS TO VICTORY

This vokime, sub-titled "A Personal

Account by Radar's Greatest Pioneer" is

the history of the development of Radar

and its wartime use. Other inventions

are also described: I.F.F (Identification,

Friend or Foe); Oboe; Gee and Rebecca-

Eureka. (Sir Robert Watson-Watt,

M.H.i.c, London, Odhams, Toronto, Nel-

son, Foster and Scott, 1957. 480p., $6.50.)

"PRINCIPLES OF ELECTRONIC INSTRUMENTS

The first part of the book deals with

instruments to measure electrical quanti-

ties by electronic methods. The second

part deals with non-electrical measure-

ments by electronic instruments, such as

velocity, time, sound, light, pressure and
temperature, and radioactivity. Emphasis

is placed on the circuits of instruments

rather than their use, and on circuits

designed to operate at relatively low fre-

quencies. (G. R. Partridge. Englewood
Cliffs, N.J., Prentice-Hall, 1958. 393p.,

$11.00.)

THERMODYNAMICS OF ENGINEERING
SCIENCE

The aim of this volume is to give under-

graduate students a basic knowledge of

thermodynamics and its applications.

The first eleven chapters can be con-

sidered as an introductory course.

The remaining chapters are on applied

thermodynamics and cover compressors,

turbomachinery, internai combustion en-

gines, gas turbines, refrigeration and heat

pump, jet propulsion, etc. (S. L. Soo.

Englewood Cliffs, Prentice-Hall, 1958.

620p., $12.65.)

MATTER, EARTH, AND SKY

The latest book by this popular author,

this volume covers the field of the physi-

cal sciences in non-technical language,

with a wealth of diagrams and illustra-

tions.

The first section discusses tlie field of

"classical physics" illustrated by things

familiar in everyday life such as the

motion of a pendulum, waves, the flight

of a tennis bali, etc. The second section

deals with microcosms, the world of mod-
em physics and chemistry, molecules,

atoms and nuclear energy. The final sec-

tion is concerned with things much larger

than man, the interior of the earth; the

oceans; the solar system; tlie stellar sys-

tems and the history of tlie universe. (G.

Gamow. New York, Prentice-Hall, 1958.

593p., $10.00.)

*PRINCIPLES AND APPLICATIONS OF
RANDOM NOISE THEORY

The author indicates how to formulate

difficult noise problems, derive their solu-

tions, and obtain proper physical design

and interpretations. The book discusses

probability theory, random noise analysis,

random processes, engineering systems,

correlation functions, power spectral, den-

sity functions, and optimum filters. ( T-

S. Bendat. New York, Wiley, 1958. 431p.,

$11.00.)

PULP AND PAPER jMANUAL OF CANADA,
1958

This edition of tlie Manual contains a re-

view of the industry in 1957, and also

contains statistics of paper production.

The papers in the second section deal

witli the use of hardwood and methods
for keeping tlie moisture content of air

low.

By far the largest part of tlie Manual
is a trade directory, with a classified list-

ing of machinery supply and service com-
panies, trade names, and foreign com-
panies represented in Canada. (Garden-
vale, P.Q., National Business, 1958.

469p.

)

*TECHNOLOGY OF COLUMBIUM (nOBIUM)

A summary of the present status of

knowledge of columbiimi. The se\enteen

papers included study this metal from

the standpoint of economic and supply

aspects, propertics, cxtracti\e and physi-

cal metallurgy, analytical problems, and
various .specialized aspects. The papers

were presented at a symposiiun sponsored

by the Electro-Chemical Society, May
1958. (Ed. by B. W. Genser and E. M.

Sherwood. New York, Wiley, 1958.

120p., $7.00.)

FLAVOR RESEARCH AND FOOD
ACCEPTANCE

Based on four one-day conferences or-

ganized by .Arthur D. Little, Inc., this

volume can be called the authorit\- on

one of the basic factors of food product

success, that is, flavour.

The chapters are ali by exp>erts in the

field, and contain references for fiirther

reading. ( New York, Reinhold, 1958.

391p., $10.00.)

''c.\STILLa's SPAXISH AND ENCLISH
TECHXICAL DICTIOXARV. VOLUME 1:

ENGLISH-SPANISH,- VOLUME 2: SPAXISH-

ENGLISH

An e.xtensive dictionar>- primarily con-

cerned witli the fields of engineering

technology, althougli commercial and

legal teniis are included as are word-

of importance in e\ er\ day language be-

cause of the continuai use they receive

Abbreviations and commercial tenns are

also included, wliile tliose used only ir

the pure sciences are in general excluded

( New York, Philosophical Librarx-, 1958

2v., $45.00.)

FUNDAMENTALS OF THERMODYNAMICS

The book presents an introduction ti-

thcrniod>'namics and its application ir^

modern engineering problems. The firs!

three chapters co\er the basic laws oi

thermod>-namics, following chapters co\

-

er: the pure substance (steam); vapoui

power cycles; \-apour refrigeration c>cles.

the perfect-gas s\steni; gas compressior

cycles; gas power cycles; gas and gas-

vapor niixtures; steady flow of fluids

flow through pipes and ducts: heat trans-

fer. A new two-colour Mollier chart i-

iiicluded. (C. M. Leonard. Englewooò

Cliffs, Prentíce-Hall, 1958. 376p.. SS.OO.

'CALCUL DE l'eCOULEMENT EN
CONDUITES SOUS PRESSION OU A SlTÍFACl

LIBRE u'aPRES LA FOR\£tT-E DE MAXNTNC.

STRICKLER

An cxteiisi\ e compilation of tables for the

calculation of water flow in pressure con-

duits, and in channels with free surfaco

both open and co\orcd. l''nder each ot

the main classes the tables are s\ibdivide<i

by cross-section — circular, ovoid. trape-

zoidal, etc, and figures are given foi

small dimensional ohanges over a widc

range of size and shape. Graphical rcpre-

scntation is a featurc of some section s

and numerical examples are gi\-cn. (F

A. Argh\ropoulos. Paris, Dunod. 1958

326p.,"3S00 fr.)
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I W I L E Y
B O O K S

ADVANCED MECHANICS of FLUIDS
Edited by HUNTER ROUSE, lowa Institute oí Hydraulic
Resesrch. With nine co-authors.

The most recent developments in the mechanics of fluids.

I

Covers: principies of irrotational flow; conformai repre-

sentation of two-dimensional flow; laminar motion; turbu-

lence; etc. The combination of text, examples, problems,
and answers make it ideal for self-instruction.

1959. 444 pages. Illus. $9.75

PLASTIC DESIGN of STEEL FRAMES
By LYNN S. BEEDLE, Lehigh University

A practical presentation of the principies and methods that

are the basis for plastic design. Shows how they may be
used to solve actual building frame design problems.

1958. 406 pages. Illus. $13.00

SOLID STATE MAGNETIC and

DIELECTRIC DEVICES
Edited by HAROLD W. KATZ, General Electric Co. With
14 contributors.

Offers a complete and coherent treatment of the theory and
application of the ferrites and titanites, the newest solid

State devices. 1959. Approx. 570 pages. Prob. $12.50

JUNCTION TRANSISTOR ELECTRONICS
By RICHARD B. HURLEY, University of Califórnia,

Berkeley

A useful source of practical information on applied tran-

sistor electronics, its internai behavior, and the structure of

equivalent circuits, plus the theory and dynamics of switch-

ing. 1958. 473 pages. $12.50

PROCESS EQUIPMENT DESIGN—
Vessel Design

By LLOYD E. BROWNELL and EDWIN H. YOUNG,
both of the University oí Michigan

A convenient, coordinated guide to the basic concepts, in-

dustrial practices, and empirical relationships useful in the
design of processing equipment. The scope extends from
simple vessels for low-pressure service to thick-walled
vessels for high-pressure applications.

1959. Approx 428 pages. Illus. Prob. $18.00

PROCESS DYNAiVIICS
Dynámic Behavior of the Production Process

By the Iate DONALD P. CAMPBELL, M.I.T.

Stresses the role of the plant as the central and most
fundamental aspect in the process control systems. Helps
predict the dynamic performance of a plant before it is

built. 1958. 316 pages. Illus. $10.50

FUNDAMENTALS of ADVANCED MISSILES'
By RICHARD B. DOW, United States Air Force

Emphasizes the basic principies in science and engineering
that are pre-requisites for estimating the performances of

guided missiles, ballistic missiles, and space vehicles.

1958. 567 pages. Illus. $11.75

DYNAMICS of FLIGHT: StabiUty and Control*

By BERNARD ETKIN, University of Toronto

The latest developments in static and dynamic stability,

transient and frequency response, feedback systems and
automatic controls, dynamics of missiles, machine computa-
tion (analog and digital), and mathematical aids.

1959. 519 pages. Illus. $15.00

Order your

UNIVERSITY OF TORONTO PRESS
Toronto, Ontário

PHYSICAL LAWS and EFFECTS
By C. F. HIX, Jr., and R. P. ALLEY, both of General
Electric Co.

Provides a convenient compilation of both familiar and
unfamiliar laws and effects. One of a series written by
General Electric authors for the advancement of engineer-
ing practice. 1958. 328 pages. $7.95

SAMPLED-DATA CONTROL SYSTEMS
By ELIAHU I. JURY, University of Califórnia, Berkeley

Explores the various applications and techniques basic to

control systems. Introduces the z-transform method of

analysis, and aids in solving problems arising in mixed
systems. 1958. 453 pages. Illus. $16.00

NOISE in ELECTRON DEVICES
Edited by LOUIS D. SMULLIN and HERMANN A.
HAUS, both of M.I.T. With 6 contributors.

A comprehensive, up-to-date discussion of cathode noise

phenomena, signal amplification in microwave tubes, solid

State noise, and methods of designing low noise tubes.

1959. Approx. 432 pages. Illus. Prob. $12.00

INTRODUCTION to the DESIGN of

SERVOMECHANISMS
By JOHN L. BOWER, University of Califórnia, Los
Angeles; and PETER M. SCHULTHEISS, Yale Uni-
versity

Gives you a basic understanding of stability and feedback
System design, both single and multiple-loop, stressing the
importance of a systematic approach to design.

1958. 510 pages. Illus. $13.00

TOPICS IN ELECTROMAGNETIC THEORY
By DEAN A. WATKINS, Stanford University

A readable, stimulating volume which brings together recent

information on electromagnetic theory and microwave elec-

tron tubes. 1958. 118 pages. $6.50

BASIC GEOLOGY for SCIENCE
and ENGINEERING

By EDWARD C. DAPPLES, Northwestern University

An up-to-date sourcebook on geologic processes, incorporat-

ing much useful information in convenient tables, graphs
and charts. 1959. 609 pages. Illus. $9.50

NONLINEAR PROBLEMS in

RANDOM THEORY
By NORBERT WIENER, M.l.T.

Examines the physical, pure mathematical, electrical engi-

neering, and physiological applications of nonlinear theory
to nonlinear processes. A Technology Press Research Mono-
graph. 1958. 131 pages. $4.50

PROGRESS in SEMICONDUCTORS-voiumeui
Edited by ALAN F. GIBSON, Radar Research Establish-
ment, Malvern, U.K.; P. AIGRAIN, University of Paris;

and R. E. BURGESS, University of British Columbia.
With 10 contributors.

An international survey by top specialists.

1958. 210 pages. $8.50
*Wiley Books in Space Technology

copies TODAY!

RENOUF PUBLISHING COMPANY
Montreal, Quebec
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• LIBRARY NOTES

"the encyclopedia of chemistry

( supplement )

Intended to bring the original 1957 vol-

ume up to date, this supplenient gives

strong eniphasis to the inipact of nuclear

phenonicna on chemistry. Some of the

topics given consideration are porphyrins,

plasma, propellants, cermets, dosimetry,

fluoridation, resonance, jet propulsion,

liquid State, as well as many others. ( Ed.

by G. L. Clarke. New York, Reinhold,

1958. 330p., $10.00.)

"jet propulsion

The author attempts to explain concepts

from the fundamental engineering laws

rather than from an equation standpoint.

Emphasis is given to the aerothermody-

namics of gas systems, and topics dis-

cussed include the diÉFuser, nozzle, Fanno
hne, isothermal, normal shock, and ob-

liqua shock flow. The flow through each

engine component and the components
themselves are discussed, as are the com-
bined performance characteristics of

engines and air frames. ( W. J. Hesse.

Toronto, Pitman, 1958. .567p., $9.75.)

"technical drawing, 4th ed.

A tliorough revision of a well known
text. Areas which have been given par-

ticular attention in this edition include

geometrical constructions; dimensioning
and notes; threads, fasteners, and springs;

shop processes; engineering graphics;

structural drawing; topographic drawing;
welding representation. The majority of

the illustrations have been redrawn, and
the format of the book has been enlarged
to pennit clearer illustrations. The entire

volume has been revised to reflect the

latest American Standards. (F. E. Gie-

secke and others. Galt, Brett-Macmillan,

1958. 844p., $7.50.)

"fluid pressure mechanisms, 2nd ed.

Studies the mechanism of hydraulic and

pneumatic machinery, particularly from

the viewpoint of their essential prin-

cipies. Among the changes made in this

edition are the inclusion of new ma-

terial on slide valves, jacks with force

limitation, special couplings, and syn-

chronization systems. The chapter on

servo systems has been substantially re-

vised. (H. G. Conway. Toronto, Pitman,

1958. 235p., 32/6.)

"environmental sanitation

Emphasis is placed on plarming for the

small community of less than 5000 per-

sons. Among those aspects given consid-

eration are control of communicable dis-

ease; location and plarming in relation to

sites for camp, industrial, housing, and

similar uses; water supply sources, con-

struction, treatment, and distribution;

waste-water treatment and disposal;

swimming pools and bathing beaches;

food, insect, rodent, and noxious weed
control; hygiene of housing. Empirical

formulae and rules of thumb are applied

when tliey are advantageous. (J. A. Salv-

ato, Jr. New York, Wiley, 1958. 660p.,

$12.00.)

FEDERATION INTERNATIONALE DE LA
PRECONTRAINTE: PROCEEDINGS OF THE
SECOND CONGRESS

Ali the papers presented at the second

congress of the Federation held in Am-
sterdam in 1955 are contained in this

volume.

The five sessions considered: Function

of grouting and anchorages in the be-

haviour of prestressed elements; Experi-

ence and problems conceming the manu-

facture and the use of steel for prestress-

ing; Progress of precast prestressed work

in the factory and the assembly by pre-

stressing on the site of precast units;

Moment distribution in statically inde-

temiinate prestressed structures beyond

the elastic phase; Influence of plasticity

on the strength and instabilit>- of thin

prestressed shells. (F. I. P. London, Ce-

ment and Concrete Assoe, 1958. 990p.,

£5.)

POWER TRANSFORMERS FOR HIGH-VOLTAGE

TRANSMISSION

Written by the Chief Designer of the

Transformer Department of Bruce Peebles

and Company, this book shows some of

the work being done at that company,

and illustrates some of tlie factors to be

taken into account in the design of trans-

formers. (D. McDonald. Edinburgh,

Bruce Peebles, 1958. 95p.)

DYNAMIC DECADE

The disco\ er>' of oil in Alberta has made

a great diíference to the economy of that

province, and indeed to that of the

whole country. This is the histon.^ of the

search for oil in Alberta, the bringing

into production of Leduc, Redwatet,

Pembina, etc. The author discasses

methods of transporting and marketing

oil, natural gas, pipe lines, production

figures, etc. He considers the effect oil

has had on Alberta's economv-, the new

industries it has attracted, and the prob-

lems which have been created. (E. J.

Hanson. Toronto, McClelland and Stew-

art, 1958. 314p., $5.00.

)

EXPERIMENTELLE UNTERSUCHUNGEN AN

NTRSCHIEDEN STARK KON\-ERGEXTEN,

SCHLANTCEN ROTATIONSKORPERN BEI

MAFIG HOHEN UBERSCHALLGESCHWINDIG-

KEITEN

This study starts with an explanation of

the selection of bodies to be nieasured.

the measuring of equipment used, the

measiu-ement of forces etc. FoUowing

this, the theor\- giving the main differen-

tial equation of the special flow; the

release of the linear differential equations

for supersonic speed; tlie calculation of

pressure distribution etc. The results of

measurements are given, taking into

account tenacitv. (H. R. \'oellmy. Zur-

ich, Leemann, 1958. 82p., 17 Sw. Fr.

Mitteilungen aus dem Institut fur .\ero-

d>Tiamix No. 24.)

REFLEX KLYSTRONS

This surve>- of the current hiowledge

on reflex klvstrons commences with a

general introduction and the historical

background. The topics coxered include:

ca\ ity resonators and output s>-stenis; el-

ectron d>Tiamics of tlie reflex kl>stron

oscillator; load effects; engineering

aspects; representative and imconven-

tional reflex kKstrons. The final chapter

is devoted to future trends in the field.

Many bibliographic referenoes are in-

oludcd. (J. }. Hamilton. Toronto, Rn-ct-

son. 1958. 260p.. $9.00.)

BUTTERWORTHS
SCIENTiriC PUBLICATIONS

Chemical Processing

of Nuclear Fuels $7.50

by F. S. Martin and G. L. Miles

This book will serve as a thor-

ough introduction to the prob-

lems of chemical processing of

the fuel after it has been irradi-

ated in a reactor. It is intended

primarily for science and engi-

neering graduates who have

some acquaintance with nuclear

reactor development and are

interested in the role of nuclear

fuel processing in nuclear power
systems.

Glove Boxes and Shielded

Celis for Handíing Radio-

Active Materiais $16.80

Papers of the 1957 Harwell Symposium
edited by 6. N. Walton

This publication from the United

Kingdom Atomic Energy
Authority, Harwell, has been

designed as a textbook on radia-

tion shielding and will prove an

invaluable guide for those en-

gaged in meeting these needs.

Fiill particulars from:

BUTTERWORTH & CO. (CANADA) LTD.
1.367 DANFORTH AVENUE TORONTO 6. ONTÁRIO
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\EHICLE SPEEDS ON ONTÁRIO HIGHWAYS

An analysis of the speeds of 8499 motor

\ehicles on the highways of Ontário,

hased on information gathered at 16

-ampling stations, on the open highway,

on 2-, 3-, and 4-lane highways. Much of

the material is presented in the form of

sraphs. (H. M. Edwards. Kingston,

Queen's University, 1958. 65p., mimeog.

Some reports available for distribution.

)

"eNGINEERING MATERIALS

This volume is divided into three parts,

the first of which deals with various

kinds of aggregates, cements, concretes,

bituminous materiais, stone, timbers,

glass and plastics. The second part deals

with properties of metais and alloys in-

luding alloy steels, wrought iron, cast

íron, malleable cast iron, and nonferrous

metais and alloys. It concludes with the

preservation and testing of materiais. The
authors are a group of engineering ma-
teriais professors in American universi-

ties. (Committee on Engineering Mater-

ials. Toronto, Pitman, 1958. 616p.,

S8.50.

)

"effect of surface on the
behavior of metals
Four papers, the first of which deals

with the preparation of surfaces for ex-

amination and with modem methods of

i xamining the topography and structure

of surfaces. This is followed by a paper

that shows how the treatment that a

surface has received afFects its future

L-hemical behaviour. A summary of the

present state of knowledge on the rela-

tionship between surface condition, fric-

tional resistance and wear is then given

and followed by a paper on the influence

n( the surface on the physical properties

i)f metal. These papers comprise the lec-

tures given at the Institution of Metal-

lurgists Refresher Course, 1957. ( London,
Iliffe for the Institiition of Metallurgists,

Toronto, British Book Service, 1958.

lOOp., $4.50.)

ENGINEERING DRAWING AND DRAWING
OFFICE PRACTICE, 2nd ED.

Apart from a few minor corrections, the

only change in this edition is the inclu-

sion of an introductory chapter of recom-
mendations and comments on British

Standard 308, Engineering Drawing Prac-

tice, issued in 1953.

The book is intended for students, and
starting from first principies covers ali

that is necessary for a good groundwork
in engineering drawing. (P. S. Houghton.
Toronto, British Book Service, 1958.

277p., $4.50.

NUCLEAR POWER YEAR BOOK 1958/59

The review articles in this second edition

of the Year Book cover British nuclear

power in 1958; nuclear instruments in

1958; progress in fuel element design;

thermonuclear research at Harwell; uran-

ium mining prospects. There are seven
intemational and forty-one national atom-
ic energy authorities listed. The technical

data section has been expanded, in par-

THE ENGINEERING JOURNAL—FEBRUARY, 1

ticular the reactor physics chapter has

been enlarged, and material included on
nuclear constructional and coolant metais.

The isotope section has been enlarged,

and the isotope tables contain data on
1391 nuclides.

This is a useful volume. (Ed. by W.
Davidson. London, Rowse Muir, 1958.

570p., £3. 3. 0.

)

BRITISH NARROW GAUGE RAILWAYS

A factual account of the few narrow-
gauge railroads still operating in Britain

and two which are not, including the

only cog-wheel railway, that up Snow-
don Mountain, and the only undergrouud
one, that in Glasgow. The gauges on the

fifteen lines described range from one
foot three inches to four feet. Details are

given on construction, rolling stock and
traffic. Illustrations, many of which are

by the author, add to the interest of this

fascinating book. (R. B. Jones. Toronto,

Macmillan, 1958. llOp., $3.50.)

"hANDBOOK OF AUTOMATION,
COMPUTATION, AND CONTROL. VOLUME 1:

CONTROL FUNDAMENTALS

This volume, the first in a series of three,

provides information which forms a foun-

dation for the later volumes. It covers

mathematics as applied to control, such
as sets and relations, Boolean álgebra,

probability, and statistics. This is fol-

lowed by a compilation of the latest

techniques of numerical analysis, as well

as comparisons of the various techniques;

material on information theory, smooth-

ing, fíltering, and data transmission;

thorough treatments of feedback control

theory and of operations research. Em-
phasis is placed on practical methods of

applying the theory. (Ed. by E. M.
Grabbe and others. New York, Wiley,

1958. Various paging, $17.00.)

THE UPPER ATMOSPHERE

An account of the phenomena of the

upper atmosphere being studied during

the International Geophysical Year, out-

lining present day knowledge of the sub-

ject. The techniques used in investiga-

tion are de-scribed, including sound and
radio waves, balloons and rockets. Meth-
ods of fínding the speed of rockets and
their positions, and of interpreting their

signals are discussed. (H. S. H. Massey

and R. L. Boyd. London, Hutchinson,

1958. 333p., 63/-.)

"the SCIENCE OF HIGH EXPLOSIVES

Stresses the physical chemistry of deton-

ating explosives. The fundamental prin-

cipies and information necessary for tech-

nical applications is given, including

commercial blasting, demolition, shaped
charges, fast particles, shock and blast

wave propagation, impact loading,

strength, penetration, and conditions for

explosion of materiais. Procedures for

computing thermo-hydrodynamic proper-

ties and products of detonation are also

presented. (M. A. Cook. New York, Rein-

hold, 1958. 440p., $22.50.)
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roo deck
by

Rosco Roof Deck Type 134
specifíed for new Visking

plant;^ Fort Garry

Strong, light weíght, easy to install
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• LIBRARY NOTES

VUTOMATIC MEASUREMENT OF QUALITY
l\ PROCESS PLANTS

P.ipers covering two aspects of the field:

those that survey the experience gained

\\ ith the control instruments now in use,

(lul those that explore the potential plant

ipphcation of analytical techniques cur-

u ntly used only in the laboratory. Spe-

i ific topics include techniques for gas

Ntrcam analysis, spectrometric methods,

li(liiid stream analysis, new techniques

tor fluid stream analysis, and measure-
ment of various physical properties. (So-

lety of Instrument Technology. Toronto,

liutterworth, 1958. 320p., $9.50.)

I HANSATLANTIC TELEPHONE CABLE

The papers presented at the January
1 957 joint meeting of the Engineering
liistitute of Canada, Institution of Elec-

li ical Engineers and American Institute

i)t Electrical Engineers have now been
issiied in a bound volume. The eleven

papers cover the design, manufacture
aiid instaUation of the first transatlan-

tic telephone cable, together with a dis-

nission of the papers, and an index.

I Ed. by W. K. Brasher. London, I.E.E.,

1957. 125p., I.E.E. Procs., v.l04, 1957
pt.B, suppl. no. 4.)

I <ONOMIC AND SOCIAL IMPLICATIONS OF
\LTOMATION: A BIBLIOGRAPHIC REVIEW

Over one third of the 610 references

in this bibliography are annotated. In
addition to general references and a

list of bibliographies, the listings cover
tlic following topics: manpower and
eiinjloyment; society and government;
selection, training and job require-

nients; human relatíons; collective bar-

iíaining; management; office automa-
tion; case studies. The purely technical

aspects of automation are not covered.
C. Cheek. East Lansing, Michigan

State University, Labor and Industrial

Relations Center, 1958. 125p., mimeog.,
M.25.)

A survey of the parking problem and
piissible Solutions, this volume com-
'nces by discussing parking habits and

i ds. It then considers various types
f parking—curb, metered and off-

treet, and the best arrangement of

jiarking lots and garages. Statistics are

qiioted, and most of the material is

illiistrated with diagrams. There is a
iscful bibliography. (R. H. Burrage
iiid E. G. Mogren. Saugatuck, Conn.,
Euo Foundation, 1957. 401p.)

°^^;ARBOOK OF THE KEATING AND
NtNTILATING INDUSTRY, 1958/59

This new edition contains papers on
environmental radiation in winter and
sunimer, ventilation problems associa-

ted with the use of radioactive sub-
stances, and the future of electricity for

space heating, as well as an index to

Keating and ventilating literature pub-
lished during 1957. A buyers' guide, a

list of trade names, and nianufacturers'

addresses are given for those finns lo-

catcd in Great Britain. (London, Tech-
nitradc Journals, 1958. 422p., 12/-.)
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CAVITATION DAMAGE OF METALS

W. C. Leith, M.E.I.C. Mechanical Research Engineer,

Dominion Engineering Works, Limited, Montreal

Cavitation damage of metais can be observed on a magnetostriction-type of acceler-

ated cavitation machine with a Fastax camera taking 8000 pictxires per second.

A brief description of the mechanism of cavitation is given with some typical examples

of cavitation damage to machine parts in service. The magnetostriction apparatus

which is used to compare the relative resistance of materiais to accelerated cavitation

damage is described. Weight loss variations and coiTclated bubble formation pattems

on test samples are shown for a range of vibration amplitude, temperature, and

pressure.

Cavitation damage of metais in diesel cooling systems can be reduced by controlling

the dominant liquid characteristic (temperature, pressure or wettability) at a stabilized

cavitation levei while the increased metal resistance of stainless steel welded overlay

on cast steel runners is more practical for hydraulic turbines.

CAVITATION IS A well known
hydraulic phenomenon which may

be associated with its destructive ef-

fects in hydrauHc turbines and diesel

cooling systems, although its advan-

tages have been utilized in numerous
ultrasonic devices such as flaw de-

tectors, cleaning baths, and naviga-

tional echo-sounders. It should be
emphasized that cavitation refers to

the formation and collapse of vapour
bubbles, while cavitation damage re-

fers to the destruction of the guiding

surface at the point of bubble col-

lapse.

CAVITATION IS THE CAUSE
Cavitation can be described as a

hydro-dynamic phenomenon which
relates to the formation and collapse

of vapour bubbles in a flowing liquid.

These bubbles form in regions wheie
the local pressure is reduced below
the vapour pressure at that tempera-
ture; and conversely these bubbles
start to collapse as soon as the local

pressure increases above the vapour
pressure. The mechanism of cavitation

inception under measurable and re-

producable conditions which are suit-

able for observation has been studied

most successfully by Knapp^ who cor-

related the measured history of an
actual vapour bubble to the classical

analysis of Rayleigh-. The collapse of

a spherical bubble in an incompres-

sible liquid was considered assuming
isothermal compression, but neglect-

ing viscosity and surface tension. The
exceUent agreement of the experi-

mental results to the theoretical postu-

lations cenfirmed that the kinetic

energy of bubble collapse was ab-

sorbed elastically in the water and
given back largely undiminished in

the rebound effects. The formation of

cavitation bubbles at vapour pressure

conditions is coinmon experience and

it implies that water has no tensile

strength, while the breaking strength

of water between its molecular layers

has been estimated bv FrenkeP at

150,000 p.s.i.

CAVITATION DAMAGE THE EFFECT
Cavitation damage can be described

as a conjoint action of mechanical-

chemical effects, that is, a mechanical

repeated stressing of a metal surface

in the presence of several possible

chemical reactions, a mechanism
which is similar to corrosion fatigue.

The separate, distinct impact force at

the collapse of a cavitation bubble

produces a stress concentration on a

very small area, and may cause plastic

deformation and strain hardening if

the severity of cavitation attack pro-

duces a mean shearing stress greater

than the yield strength of the metal.

Severe plastic deformation can initiate

etching of the grain boundaries with-

out much actual removal of metal.

Cavitation damage will proceed as a

mechanical fatigue action, accom-
panied and perhaps accelerated by
electro-chemical corrosion between
the crystals in the plastically deformed
area.

ACCELERATED VIBRATORY
CAVITATION MACHINE

The need for rapid evaluation of

metais resistance to cavitation damage
has prompted the commercial appU-

cation of the magnetostriction effect

under controllable and reproducible

conditions. The magnetostriction ef-

fect is a broad term applied to ferro-

magnetic materiais which exhibit a

change in physical dimensions when
subjected to a magnetic field; or con-

versely, a change in magnetic proper-

ties occurs when the physical dimen-
sions are altered by an externai force.

The most significant change is the

'Joule effect' or the change of length

along the axis of the applied magnetic
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Helcl when the field is varied. Nickel

contracts in length at a decieasing

rate in an increasing magnetic field

until a maximum or satuiation value is

reaclied. Ali ferro-magnetic materiais

are temperature-sensitive, the material

losing its magnetism as the tempera-

ture rises until the Curie point is

reached, where ali magnetic proper-

ties cease.

The magnetostriction apparatus

consists of a high-frequency oscillator

which produces a resonant longitu-

dinal vibration of a nickel tube at its

natural frequency when subjected to

an alternating magnetic field. In the

apparatus used by this author the

nickel tube vibrates at 6500 cycles per

second and each end has an ampli-

tude of 0.0034 inch. The test button

which is % ínch diameter, is screwed

irito the lower end of the tube. The
test button is immersed Vs inch in

distilled water which is maintained at

a constant temperature by a water

bath. The tube is cooled by a water

spray on the inner wall, and a vacuum
aspirator removes the excess water

from the bottom of the tube. The
vibration amplitude is calibrated for

some indicated output from the re-

sistance strain gauge which is

cemented on the vibrating nickel tube.

Tentative specifications for a stan-

dardized vibratory cavitation test

were proposed in 1956 by Robinson,

Holmes and Leith"*, so that various

laboratory tests results could be cor-

related to field experience.

Incubation Period

There appears to be an incubation

period or a time interval at the be-

ginning of each test during which
considerable plastic deformation of

the test surface takes place without

any apparent weight loss. The incu-

bation period is well defined for rolled

metais and welded overlays, but not

for cast irons. The incubation period

is of great interest to designers of

hydraulic machinery, especially for

seal rings and turbine runners. The
incubation period for rolled metais ap-

pears to have a linear relationship

with the corrosion-fatigue limit of the

metal. For a given metal, the incuba-

tion period is independent of the

vibration amplitude, but the weight

loss after two hours is dependent on

the amplitude.

Cavitation Intensity and Vibration
Amplitude

The effect of vibration amplitude on

cavitation damage has been studied to

determine approximate degrees of

cavitation resistance for various

metais. Figure 5 shows the vibration

amplitude necessary for cavitation

damage of welded stainless steel over-

lay type 308, which can be regarded

as the threshold value of the metais

resistance to cavitation attack. The

COOLING WATER OLfT

COOUNG WATER IN

AIR PRESSURE IN

TEST BUTTOW

Fig. 2. Scheraatic diagram of nickel tube
assembiy.

effect of \'ibration amplitude on this

magnetostriction apparatus can be

compared to the effect of flow veloc-

it\- in a water timnel, since the>" both

show the threshold value of the metais

resistance, below which no metal is

removed despite some plastic defor-

mation, but abo\ e which the rate of

metal-remo\ al accelerates rapidly with

increased cavitation intensit^^

Fig. 1. Accelerated cavitation machine with Fastax camera.

HIGH-SPEED PHOTOGRAPm
OF CAMTATION BUBBLES

A Fastax camera, which takes up to

8,000 pictures a second on 16 mm.
film, has been used to photograph the

cavitation bubbles on the test button

as it oscillates up and down in dis-

tilled water at 6500 cycles per second.

rhe ca\itation bubbles are usually

viewed at the usual projection speed

of 16 frames per second which slows

down the action 500 times. The film

is pulled past the aperature in a con-

tinuous motion and a rotating prisni

exposes each frame in tiirn. A Goose

control unit provides the regulation

of the camera speed, besides a reniote

control operation and s\ nchronization

of the camera with an e\ent being

studied. The unit acts as a time-

dela>- mechanism to limit the camera

\oltage to 130 volts during the fii-st

0.070 sec, and then releases the

higher voltage neces.Siuy to obtain the

higher picture rate. This time-delay

action prevents tearing of the film

perforations b\- the sprocket dtiring

the initial peritxl of high starting

torque. The central area on the test
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TIME IN MINUTES

Fig. 3. Cavitation damage of typical
metais.

button where the cavitation bubbles
oscillate is the low-pressure zone dur-

ing the upward motion of vibrating

nickel tube, and the size of this cen-

tral bubble pattern corresponds to the

size of the damage pattern in ali cases.

EfFect of Vibration Amplitude

High-speed photographs of the

cavitation bubbles show that only one
central bubble forms at the low am-
plitude of 0.001 inch. As the vibra-

tion amplitude is increased to 0.003

inch, a continuous formation of small

bubbles grows from the outer edge of

the test button and these bubbles en-

large as they move radially to the

central mass of oscillating bubbles.

EfFect of Pressure

High-speed photographs of the

cavitation bubbles show that the total

area of the test button is covered by
a blanket of oscillating bubbles at

high vacuums near 0.5 p.s.i. absolute

pressure. The size of this oscillating-

bubble pattern is decreased as the

pressure is increased, as the same
work input is concentrated over a

smaller area.

Efíect of Temperature

High-speed photographs of the

cavitation bubbles show that the

bubble size increases with water tem-

perature as expected by the decrease

in the surface tension and the in-

crease in the vapour pressure, but the

cavitation damage is a maximum at

120°F where the maximum number
of oscillating bubbles are observed.

CAVITATION DAMAGE IN
HYDRAULIC TURBINES

Hydraulic turbines utilize the

change of momentum of water as ac-

complished by the guiding surface of

the runner vanes. The shape of these

vanes is designed for specific operat-

ing conditions where the velocity of

water is continuous across the flow

area and cavitation is avoided by
maintaining the local pressure at criti-

cai áreas above the vapour pressure

of the water. Since most hydraulic

machinery is not operated contin-

uously at the design conditions, metais

with a high resistance to cavitation

damage are used at criticai áreas. Cast

Steel runners with welded stainless

steel overlay on the criticai áreas is

common practice, since field repairs

can be done in the turbine pit with a

minimum of outage time. Stainless

Steel deposited by manual welding

using stick electrodes 3/16 inch

diameter require only one pass to pro-

vide sufficient metal for the 1/8 inch

finished overlay thickness. Certified

manual welding deposits stainless

Steel E308 with analyzed alloy con-

tents of about 17% chrome and 9%
nickel, and it deposits stainless steel

E301 with about 16% chrome and

6% nickel as shown in Fig. 10.

Intensity of Cavitation Attack

Field experience with hydraulic tur-

bines has provided three relative in-

tensities of cavitation attack which

have been based on the observed

damages to the original cast steel

runner, mild steel welded overlay and

stainless steel welded overlay. The
threshold value for each metaFs re-

sistance is considered to refer to a

minor pitted condition after one year

of operation, which would include the

strain hardening and etching of the

metal surface, without much actual

metal removal.

(1) Minor pitting on the original

cast steel runner.

(2) Severe pitting on the original

9 10 15 20

INCUBATION TIME IN MINUTES

25

Fig. 4. Corrosion-fatigue limit and incubation time. See
corrosion handbook.

Fig. 5. Fffect of vibration amplitude.

8) CAST STEEL

107) 19-9 WELDED OVERLAY

° .0OO5 XKJIO .0015 .0020 .0025 .0090 .0035

AMPLITUDE OF VIBRATION IN INCHES

103 ROLLEQ BRASS
104 ROLLED MILD STEEL
105 ROLLED I3%CR.STAINLESS STEEL TYPE 410
106 ROLLED 18-8 STAINLESS STEEL TYPE 302 ACCELERATED CAVITATION DAMAGE
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Fig. 6. Top, L. to R.: Anip.= .001"; Ainp.= .002
"; Amp.=

.003". Damage pattems on tesl buttons.

Bottom: Amp.^.OOl "; Ainp.= .002"; Amp.= .003". Bubble

pattems on test buttons.

High-speed photographs of cavitation bubbles at various

vibration amplitudes. Speed: 8000 frames per second. Temper-

ature: 76°F. Pressure: 14.7 P.S.I.A.

Fig. 7. L. to R.: Press.= 5 psia; Press.= 7.5 psia; Press=10

psia. Damage pattems on test buttons.

Bottom: Press.= 5 psia; Press.= 7.5 psia; Press. =; 10 psia.

Bubble pattems on test buttons.

High-speed photographs of cavitation bubbles at various

pressures. Speed: 8000 frames per second. .\mplitude: .0034

inch. Temperature: 76 °F.
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Fig. 8. Top : Temp.= 70 °F

Bottom: Teinp.= 70°F

Temp.= 110°F

Damage pattems on test buttons.

Temp.= llO°F

Bubbie pattems on test buttons.

Temp.= 150 °F

Temp.= 150°F

High-speed photographs of cavitation bubbies at various temperatures. Speed: 8000 frames per second. Amplitude: .0034 inch.

Pressure: 14.7 P.S.I.A.

Fig. 9. A severely cavitated Francis-type
hydraulic turbine runner.

Fig. 10. Alloy content of stainless steel

welded overlays.

////!//
Crt^OME (308)/

CHROME (301)

y/ ,'//]/

%' OVERLAY ORIGINAL SURFACE
OF CAST STEEL

N 1^16

INCHES
WELDED OVERLAY
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o 30 60 90 120

Fig. 11. Welded overlays for hydraulic
turbine runners.

cast steel runner but minor pit-

ting on the mild steel welded
overlay.

(3) Severe pitting on the original

cast steel runner and mild steel

welded overlay but minor

pitting on the stainless steel

welded overlay.

Figure 11 shows the advantage of

stainless steel welded overlay E308
for severe cavitation conditions.

CAVITATION DAMAGE IN
DIESEL ENGINES

The modem diesel engine, es-

pecially for the competitive market in

transportation facilities, has a water-

cooling system which is designed to

operate at increased but stabilized

cavitation leveis, and this requires

higher liquid pressure and chemical

additions to minimize the formation

of cavitation bubbles. These chemical

additions include corrosion inhibitors

to prevent initial chemical pitting, de-

tergents to eliminate foaming, and
wetting agents to provido an adhering

liquid film on the metal by depress-

ing the surface tension at the liquid-

metal interface. The recent design

trends toward higher speed and in-

creased thermal and mechanical load-

ing in diesel engines has intensified

the degree of cavitation damage, and
many operators have reported that

cavitation control by chemical addi-

tions is impossible to maintain with-

out skilled workers.

Three instances of cavitation dam-
age in diesel engines which have been
corrected after extensive research

are: (1) water-cooled cylinder liners;

(2) water-cooled nozzle sleeves; (3)

oil-lubricated connecting rod bearings.

Water-Cooled Cylinder Liners

Cavitation combined with corrosion

in the water cooling system of diesel

engines has caused unusual damage on

the water side of alloy cast iron cylin-

der liners. The pitted áreas have the

typical honeycombed appearance of

cavitation damage and they appear

free of corrosion products. It had been

usual to consider the internai wear as

the major problem in cylinder liners,

but chrome plating has extended the

service life of the internai bore con-

siderably. In some older diesel en-

gines, the c\linder liner erosion was
traced to unusually high water veloci-

ties at convergent-divergent water

passages, where the locations of the

\\ater inlet and outlet were primary

factors. The recent serious increase in

cylinder liner erosion could not be
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(T) DISTILLED WATER

(2) OlSTLLEO WATER* 2000 ppm CHROMATE

(3) DISTILLED WATER + 1% SOUJBLE OIL

7^

1
o 40 80 120 160 200

TEMPERATURE °F

CAST IRON - DIESEL CVLINOER LINEH

AT PRESSURE '20 PSI GAGE

f^ecT OF CHEMICAL AOOITIVES IN DIESEL COOLING WATER

Fig. 14. Effect of chemical additives in

diesel cooling water.

Fig. 15. A cavitated nozzle sleeve.

attributed to a flow condition, and

turther investigation revealed the

presence of a major vibration prob-

lem. A vibration analysis revealed that

pulsating vibratory forces from the

piston side thrust were creating a

íorced vibration of the cylinder wall,

similar to the ringing of a bell. The
resonant vibration reaches a maximum
amphtude at the middle of the water

jacket, where the cyHnder hner gets

the least support from the engine

block.

The worst pitted area is located on

the water side of the liner exactly

where the "side slap" of the piston

takes place during the power stroke,

which is 90 degrees from the crank-

shaft axis. The circumference of the

hner vibrates with four nodes at 45

degrees from the crankshaft axis, and

as expected, these áreas ar« free from

erosion. The side thrust from the

piston distorts the liner into an oval

shape, and the elastic properties of the

cast iron permits the liner to vibrate

Fig. 16. A cavitated connecting rod

bearing.

alteriiately along the major axis and

then the minor axis of the distorted

elliptical shape.

Water-Cooled Nozzle Sleeves

Cavitation damage on the water

side of bronze nozzle sleeves was
noticed first in the Rocky Mountains

where maintenance shops service

diesel locomotives at 4,000 feet eleva-

tion above sea levei. The nozzle sleeve

is made of highly cavitation-resistant

aluminum bronze, and is rolled into

the cast iron cylinder head at each

end. The eroded area appeared in a

band around the sleeve on the dis-

charge side of an annular flow pas-

sage where there was a convergent-

divergent flow condition. Since the re-

duction of the atmospheric pressure at

4,000 feet elevation is about 10%,

the cavitation problem was solved by
increasing the back pressure in the

pump return line by 5 p.s.i. On new
diesel engines, the flow passage

around the nozzle sleeve was cor-

rected, and the increased back pres-

sure in the pump return line is still

recommended for diesel locomotives

operating in the mountains.

Oil-lubricated Connecting Rod Bearings

In a reciprocating piston, there is a

maximum side thrust on the crank pin

bearing during the power stroke,

which can cause oil separation on the

unloaded side of the bearing. The
cavitation bubbies can form in the

low pressure zona at oil separation,

and the bubbies collapse when the

piston passes bottom dead-centre. Our

test results show that the rate of

cavitation damage is nominal as long

as the lubricating oil is below 200°F.,

but the rate of cavitation damage ac-

celerates rapidly above 200° F.

CONCLUSIONS

Diesel cooling systems remind us

that vapour bubbies can be formed by
cavitation and nucleate boiling al-

though cavitation usually results from

a pressure gradient and nucleate boil-

ing usually results from a tempera-

ture gradient. Cavitation damage of

metais in diesel cooling systems can

be reduced by controlling the domi-

nant liquid characteristics, (tempera-

tura, pressure, or wettability) at a

stabilized cavitation levei, while the

increased metal resistance of stainless

steel welded overlays on cast steel

nuiners is more practical for hydraulic

turbines.
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SOME ASPECTS OF ICE PROBLEMS
coniiected with Hydro-Electric Developments

J. E. Cousineau, M.E.I.C. Surveys Engineer,

Hijdraulic Sectioii, Power Development Division,

Quebec Hydro-EIectric Commission, Montreal.

THE HARNESSING of streams

located in a cold climate cannot

be fully taken advantage of if curtail-

ments of power geiíeration result fiom

adverse ice conditions. The rivers of

Canada are exposed to a severe wintei

climate. In the Province of Quebec,

the St. Lawrence River and its numer-

ous tributaries forming the southern

network of streams now undergoing

intense hydro-electric development,

present their quota of difíiculties in-

curred because of ice conditions. This

paper deals with some of the aspects

of the various ice problems pertaining

to some existing and proposed de-

velopments within this network.

Streams often differ considerably in

their characteristics, among others, the

temperature of the water has a great

effect upon the ice formation and the

seriousness of ice problems. The for-

mation of ice or the presence of an ice

cover over a stream is not necessarily

an indication that the mass of water is

at the freezing point. Some rivers are

cooled down to the freezing point

whereas others retain a good part of

their heat content throughout the win-

ter period. Streams that are cooled

down to the freezing point are most
favourable to the formation of the

three main types of ice, namely: sur-

face or sheet ice, frazil ice, and anchor

ice. Hence, water temperature mea-
surements are of utmost importance

and should be the key move in

tackling ali ice problems.

Firstly, the behaviour of a river

whose mass of water is actualh' cooled

down to the freezing point at the ap-

proach of winter will be discussed,

then, briefly, the behaviour of a stream

that does not cool down to the freez-

ing point.

The freezing of the St. Lawrence
River from Lake St. Peter to the foot

of the Lachine Rapids, which occurs

in very much the same wa\' each year

and offers a vvide varietv of phe-

nomena, has been described by sev-

eral authors. The following review is

in the light of the present author s

observations during the past ten years.

With the advent of cold weather,

the water temperature in this stretch

of the river gradually falis to the

freezing point, and drift-ice appears

over the surface. Sheet ice appears

over áreas of slack water, frazil forms

in the more turbulent sections. and
anchor ice grows in rather shallow

but fast water. Slush-ice may also oc-

cur, depending on weather conditions.

Owing to the fast current of the river,

these ice flows are carried down-
stream into Lake St. Peter and there

come to rest at a section near the

lower end where the average \'elocitv

of water is from 1.0 to 1.25 feet per

second. The converging shores at the

outlet of the lake and the low velocit>'

of water together with the water at

the freezing point as well as the

favourable weather conditions com-
bine to form an ice bridge from which

the ice-pack starts its travei up-stream.

A packed ice cover then e.xtends ali

the wa\- up to the foot of Lachine

Rapids covering the entire water sur-

face.

The cover which fonns over gentK

flowing sections, as in the case of

Lake St. Peter, is relatively smooth;

that is to sa\-. onl\- slight telescoping

takes place as the drifts of ice pack

up-stream. Thence, the cover beconies

Map of the St. Lawrence River.
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more and more rugged as it extends

over a faster current (Fig. 1). When
the pack reaches a section of the river

where the velocity becomes so high

that the drift-ice is carried under the

cover, a "hanging dam" forms. Such
sections are found in the narrows at

the head of Lake St. Peter and op-

posite Lanoraie, as well as in the

Harbour of Montreal and at the foot

of the Lachine Rapids. While a hang-

ing dam is in the process of formation,

backwater is created in front of the

pack. The effects of this are a raising

of the water levei up-stream as well

as an increase of the cross-sectional

area of the river and a corresponding

decrease of the average water velocity.

According to this process the pack has

been observed building upstream in

sections of the river flowing at a

rather high velocity. Even the La-

chine Rapids were nearly surmounted
by the pack on two occasions in the

course of the past three winters, which
is a phenomenon of recent occurrence.

Thus, from the outlet of Lake St.

Peter to the foot of Lachine Rapids,

smooth ice covers, rugged packed ice

covers, and hanging dams altemate

with one another. The passing of the

pack at a certain point is characterized

by a raising of the water levei as the

pack approaches the point and then

a lowering of the water surface after

the pack has passed. When a series

of shoves occurs (i.e., when the pack
advances and recedes, passing the

same point many times during the

formation and consolidation of a hang-

ing dam to its full size) the water
levei at that point fluctuates giving

the hydrograph a saw toothed form.

It is possible to determine the time at

which the pack has passed a point by
examintng the hydrograph for that

point. The size to which a hanging
dam will grow is dependent on the

average velocity that the pack must
overcome to travei up-stream without

ice being carried under the cover, and
this velocity is iníluenced by the wea-
ther conditions.

The maximum average velocity

against which an ice cover will pack

up-stream without ice being carried

undemeath has been established, for

ali practical purposes, at 2.25 feet per

second. It must be emphasized that

the term maximum average velocity

infers the existence of ideal conditions

which may be defined as follows: the

temperature of water must be at the

freezing point and the atmospheric

temperature down to at least zero

degree Farenheit or better still sub-

zero weather prevailing. Any de-

parture from such ideal conditions

must be associated with a lower aver-

age velocity. Therefore, the travei of

the pack up-stream without ice being

carried undemeath is not governed

by the average velocity of water

alone; although the latter may well

be under 2.25 feet per second, never-

theless a hanging dam will form. The
more remote the departure is from

ideal conditions, the lower the average

velocity will be that the pack can

overcome and the larger the hanging

dam required to provide the lower

velocity. As a matter of fact, the larg-

est hanging dams and the highest

water elevations in this stretch of the

St. Lawrence River are associated with

the milder winters and not with the

colder ones. As evidence, Figs. 2 and
3 show the advance of the pack along

the same stretch of the St. Lawrence
River extending from the head of

Lake St. Peter up-stream past La-

noraie but under different conditions.

In the first instance, namely, under

ideal conditions, the pack advanced a

distance of 25 miles in one day, i.e.

from December 29th to the 30th of

the 1947-48 winter freeze-up period;

the temperature of water was at the

freezing point and sub-zero weather

prevailed. Under such circumstances

the pack made fast progress and the

ice cover that formed Consolidated

rapidly. Although ice forms more
readily under ideal conditions, it must
be realized that once a cover is

formed, the latter acts as an insulator

in preventing further formation of

ice save for the growth of the cover

itself. The result is that less ice will

form and the slopes will be smoother

if the freeze-up occurs under ideal

conditions.

In the second instance, namely,

under the most adverse conditions, the

pack advanced along the same stretch

of 25 miles but this time the journey

took 21 days, i.e. from December
the 30th to January the 20th of the

1948-49 winter freeze-up period; the

temperature of water was at or very

close to the freezing point but the

atmospheric temperature was well

above the zero mark most of the time.

Large quantities of ice formed and
packed, but as the cover could not

consolidate on account of a marked
depaiture from ideal conditions, a

series of shoves occurred. The pack
advanced and receded many times;

the hanging dam grew larger and the

slope became steeper than it did in

the first case.

It is obvious that, under ideal con-

ditions, a packed ice cover will form
and consolidate more readily and that

the pack will advance against a high-
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er average velocity. The departure

froin ideal conditions may be biought

about chicfly by a rise in atmospheiic

teiupciatuie or by a rise iii water

tempeiatiiic or by both at the same
time. In a stream where the mass of

water is actiially cooled down to the

freezing point at the freeze-up period,

it is ahiiost iiivariably the rise in

atmospheric teniperature that brings

about the departure from ideal con-

ditions, the temperature of water re-

maining at the freezing point. Hence,

the rate of formation and consolida-

tion of the ice cover is dependent on

the daily degree-days below the freez-

ing point. Likewise ,the average vel-

ocity against which the pack can

travei up-stream, forming a relatively

smooth ice cover is subjected to the

degrees of frost. Hence it is that dur-

ing freeze-up period a hanging dam
may form at a section where the av-

erage velocity of water is well under
2.25 feet per second.

The author has made an analysis

of the data obtained on ice conditions

of the St. Lawrence River over the

nine winter-periods previous to 1952
and has endeavoured to show that

an atmospheric temperature of 20° F.

is very close to that at which the

fonnation of ice or the growth of the

ice cover is at a standstill, and con-

sequently, that at least 12 degrees

of frost are required at ali times dur-

Ing the winter to ensure the stability

of the ice sheet.

The amount of ice formation de-

pends on the amount of heat liber-

Dec. 30

SCALE

6 O 12,000'

WINTER 1947 - 1948

Fig. 2

ated by the water. Therefore, tlie tem-

perature gradient between the water

surface and the atmosphere is by far

the most important factor in produc-

ing ice. Hence, the number of degree-

days below the freezing point in any

period will be the measure of the

quantity of ice formed. When the

temperature of air is above the fieez-

ing point, heat passes from the air

to the water. Heat is then absorbed

by the water with a reduction in the

Fig. 3

Jan. 19 WINTER 1948 - 1949

proportion of ice. The amount of ice

thus lost is also measurable by the

degree-days above freezing.

Once aã ice cover has fonned and
has Consolidated to some extent, it is

often advisable that pertinent infor-

mation be made available \\ ith regard

to its stabihtxs especially at the be-

ginning of the winter period. For such

purpose a graph has been devised that

can easily be prepared from day to

day showing at a glance the stabOity

of the cover (Fig. 4). According to

the way the graph is prepared, it is of

best value during the earl\- stage of

the winter season.

The giaph shows the accumulated

average of the degree-da\s from the

date the ice cover fonned. The only

data required are the daily degree-

da\s with reference to the freezing

point with which the cumulative de-

gree-da\s are obtained, and the ac-

cumulated average worked out dail\

from the date the cover is formed.

The diagram indicates along the X-

axis the period from the day the ice

cover formed until the da\ the break-

up occurred. and along the Y-axis

the accinnulated average of the de-

gree-da>s. The horizontal lines limit

the regions of ice cover conditions.

\Mien the accumulated average of

the degree-da\s is abo\e 15 the sta-

bility of the cox er is good; when the

average falis between 15 and 12 the

ice cover conditions become fair;

when the accumulated average drops

to and below 12. slun es and even a

break-up are most likely to occur.

Hence, opcn water conditions are back
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when the average is down to 10. The
application of this formula will give

reliable indications provided that the

average velocity of water at freeze-

up was low enough to allow the cover

to form quickly and without ice being

carried underneath under prevailing

conditions, and that the velocity after

consolidation of the cover does not

exceed 2.5 feet per second.

On streams that are cooled down
to the freezing point at freeze-up

period, base-load hydro plants located

so that they must use the íiow as it

comes without being able to store any
of it must be provided with a fore-

bay of suíRcient cross-sectional area

to ensure a ílow unhindered by ad-

verse ice conditions, thereby averting

the possibility of floods up-stream and
a loss of head at the plant.

Of course, there may exist some
natural or artificial features to safe-

guard a run-of-river plant against

flooding up-stream when a loss of

head occurs at the plant due to a

hanging dam forming in the forebay.

Such features may consist of a very

large lake, say, the size of Lake On-
tário on the St. Lawrence River or a

proportionally smaller lake on a

smaller stream, near the forebay and
at the same elevation. In this instance,

the reduction in flow due to the form-

ation of a hanging dam would not

suíBce to raise the lake by an ap-

preciable quantity before the winter
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period is over. Also a diversion chan-

nel, similar to that which by-passes

the Beauharnois Canal, could pro-

vide an effective safety-valve.

On the other hand, in the Lachine

Section of the St. Lawrence river a

base-load i"un-of-river plant would be

provided with a sea-like lake capable

of cushioning a rise in water levei

Fig. 5
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but could be provided with a by-

pass. Here the flow must pass as it

comes and consequently ice condi-

tions obviously would be a big prob-

lem unless sufficient cross sectional

area could be provided in the forebay

to permit the fomiation of a smooth
packed ice cover.

As previously stated, a stream

whose mass of water is actually cooled

down to the freezing point is most
likely to accelerate the formation of

ali types of ice. The Lachine section

is typical of such a stream. Ice could

not be disposed of simply by letting

it run through the plant, as an op-

eration of this sort would soon clog

the openings. Besides, a good ice

cover must be formed and held up-

stream to prevent further ice forma-

tion and avoid the recurrence of ice

jams downstream in the Laprairie

Basin that would flood the tailrace

and drown out the units. This dan-

ger will always be present as long as

the St. Lawrence river is allowed to

freeze over below Montreal Harbour.
In this connection I fully concur

with the opinion of Mr. Herbert L.

Land, chief engineer of the St. Law-
rence Ship Channel, who told a meet-
ing of the World Ship Society (27
February 1958) that "Winter naviga-

tion in the St. Lawrence River inas-

much as the ice has run ali the way
to tide-water will not be possible for

a long time to come with existing

methods of combatting the ice men-
ace".

A smooth packed ice cover is un-

questionably the best protection with
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which a plaiit can be piovided against

ice troubles. A good ice cover on a

foieba\- puts an end to the formation

of ice of all types save of coiirse, for

the growth of the cover itself; it acts

as an insulator. In the light of obser-

vations carried on the St. Lawrence
River in the Soulanges and La-

chine Sections, and also below the

Lachine Rapids downstream to the

head of tide-water, the cross-sectional

area of the forebay at Lachine

should be such that the average

velocity of water would not exceed

1.5 feet per second at freeze-up

period and 2.5 feet per second after

the cover is well consolidated and
until Spring break-up.

Siich velocities may seem low biit

it must be borne in mind that in this

particular section of the river: firstly,

the temperature of water actually

drops to the freezing point; and sec-

ondly, ideal conditions seldom exist

at freeze-up time, though, if this is

the case at the beginning, such con-

ditions rarely prevail throughout the

freeze-up period.

When conditions are such that even

under a velocity of 1.5 feet per sec-

ond the ice cover will not advance

nor consolidate, then the chances are

that the drifts of ice may run freely

through the plant. But when a cover

will form readily under a velocity of
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1.5 feet per second or higher, then

the disposal of ice through the plant

becomes more and more hazardous as

the velocity increases. In the author's

opinion, the use of heat and com-
pressed air to prevent trouble from

ice cannot be relied upon in so mighty
a river as the St. Lawrence.

In contrast to the St. Lawrence
River the Bersimis River, a tributary

of the St. Lawrence flowing into it

between Forestville and Baie Comeau
on the North Shore, is to a great

extent never cooled down to the freez-

ing point.

Under natural conditions, the Ber-

simis river appeared in winter like

any other stream covered with an

ice sheet save for a few open rapid

stretches. Its development called for

the establishment of two power plants

Bersimis No. 1 and No. 2. The de-

sign of Bersimis No. 1 required an

eight-mile supply tunnel by-passing

a nine-mile gorge plus an eight-mile

stretch of the river, whose intake was
located on a tributary stream the

Desroches river. The valley of the lat-

ter forming the approach to the tun-

nel provided a restricted section for

the flow. At íirst sight velocities were

found unduly high and consequently

a certain volume of excavation was
deemed necessary for the following

reasons: (a) to reduce the loss of

Map of

the
Bersimis
River.

head; (b) to prevent erosion of the

banks and ensuing pitting of turbines.

As regards the formation and main-

tenance of a probable ice cover, pre-

cise water temperature measurements

were the key move. They were taken

during the winter period 1952-53

when the river was still under natural

conditions and brought to light the

fact that at the head of the gorge

the temperature of water of the Ber-

simis River never dropped to the

freezing point, but averaged during

the coldest winter months from 0.10

to 0.37 of a degree Centígrade above

the freezing point. Nevertheless, an

ice cover formed from the head of

the gorge up-stream. The ice cover

was tested and found to be very

poor, hardly strong enough to support

a man and dotted with small air holes.

It is noteworthy that this river. lying

between ttie 49th and 50tli parallels

of latitude, where the winters are

without doubt much longer and cold-

er, was never cooled down to the

freezing point. This is indeed one

special feature that accounts for the

large difíerence in ice problems en-

countered from one river to another.

Furthermore, No. 1 development

called for the creation of a reservoir

from the head of the gorge up-stream

which meant raising the levei of the

river by 160 feet (from elevation

1,145 to elevation 1,305 above mean
sea levei). The mass of water would

then lose its turbulence and also its

uniform temperature to assume the

water temperature gradient character-

izing deep quiet waters. That is to

say, the upper la\er of water \\'ould

undoubtedK- be cooled down to the

freezing point and then tlie tempera-

ture of water would be \\-armer with

depth, tending towards a temperature

of 4° C. near the bottom, at which

temperature water attains its maxi-

mum density. As the reservoir was to

be created along a river and lakes

having rather steep banJcs, the result-

ing storage was relativeh deep in

proportion to the area. These condi-

tions were most favourable to the

conservation of a good part of the

heat content in the mass of water.

As a matter of fact, subsequent water

temperature measurements efFected at

varions reserx oir ele\ ation have indi-

cated that the higher the water ele-

vation, the higher the temperature of

water (Fig. 5)

.

At a reser\'oir elevation of 1,275.

the upper la\ ers of water entering the

approach to the tiumel a\'eraged 2.35

deg. Centigrade \\'hile at full reserv oir

elevation of 1,305 it averaged 2.75

(Continucá on page 88 )
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POWER REQUIREMENTS FOR COMMERCIAL

AIR CONDITIONING SYSTEMS

L. C. A. Walford, M.E.I.C.

Wiggs, Walford, Frost and Lindsay, Consulting Engineers

IT IS NOT MUCH over a quarter

of a century since the vogue for

air conditioning entered this country.

Hardly had it been properly intro-

duced, when the second phase of

world conflict put a stop to its infant

growth. Even in the first few years

after 1945, the number of air con-

ditioning installations could not be
called large, but of recent years the

growth of the industry may be termed
phenomenal. Not only is a large pro-

portion of the commercial structures

being built with integral conditioning

but many existing buildings are now
being equipped with this amenity to

comfort.

Apart from the effect of this on

the air conditioning industry, both as

to the manufacturer of equipment and
the installer, it affects very closely

the electric generation and distribution

authorities, financial institutions, and
the municipalities in so far as water

treatment and distribution systems,

and sewage and drainage collection

and disposal are concemed.
It is the purpose of this paper to

examine the electrical load imposed
by air conditioning, and it is to be
understood that the remarks are con-

fined to commercial air conditioning

systems, that is, those systems which

are installed, in the main, to provide

creature comfort. Industrial systems

are another matter entirely, and be-

yond the scope of this paper.

In approaching this subject, it has

been considered that it would be
found interesting to know something

of the factors which contribute to the

total electrical load, something of the

magnitude of this load and something

of the current consumption during

operation.

The term air conditioning is per-

haps one of the most frequently mis-

used terms in the English language.

The definition of air conditioning to

be found in the Guide of the Ameri-

can Society of Heating and Air Con-
ditioning is "It is a process by which

simultaneously the temperature,

moisture content, movement and qual-

ity of the air in enclosed spaces in-

tended for human occupancy may be

maintained within required limits." In

this definition the word "simultan-

eously" is most important; there are

many installations which perform only

some of the duties enumerated. These

are not air conditioning systems in the

fullest .sense of the word.

If temperature and moisture are to

be controlled within required limits,

it is fundamental that in periods of

In approaching the subject, it has been considered that, since air conditioning

requires the use of considerable quantities of power, it would be found interesting

to discuss the factors of a system which contribute to the electrical load, and useful

to know something of the magnitude of the load and something of the current con-

sumption during operation.

In this paper has been brought together the substance of Iwo lectures given before

the Canadian Electrical Association and the Montrep! Chapter of the American

Society of Heating and Air Conditioning Engineers.

high externai temperature and relative

humidity a capacity to cool and de-

humidify is required and in periods

of low externai temperatures a ca-

pacity to heat and humidify is re-

quired. This is true only to a certain

degree, since it will be readily under-

stood that the effect of the externai

temperature is of significance only at

the skin of the building, that is, at

the side walls and the roof. Pro-

vided the effects of externai vari-

ations in temperature are offset at the

places where they occur, their effect

on the internai spaces of the build-

ing is nil and the load in these spaces

is always a cooling load. This inter-

nai cooling load is dependent upon:

1. Density of human occupation.

2. Lighting intensity.

3. Machine load.

To derive the total cooling load of

1,000 sq. ft. of office space the fol-

lowing design data have been as-

sumed:

—

Outside dry bulb 95°F.
Outside wet bulb 75°F.
Inside dry bulb 74°F.
Inside relative

humidity 45%
Lighting 4 watts/sq. ft.

Occupancy 12 persons/1000
sq. ft.

Exterior wall

factor 0.16 B.t.u./sq. ft./

dei. difference

Double glazing 0.65 B.t.u./so. ft./

deg. difference

Fenestration 30%

An area of 1,000 sq. feet will ac-

commodate tvvelve people comfort-

ably, which represents, since it is

assumed that these people are mod-
erately active office workers, a sen-
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siblo (.(Hjling load of 2,400 B.t.u. per

hour aiul a latent cooling load of

3,000 B.t.u. per hour.

To obtain wliat is considered to be
good office lighting to-day requires

about 4 watts per square foot and
creates a cooling load of some 13,600

B.t.u. per hour.

The use of electric office machines

is now almost universal. This is of

the order of 0.7 watts per square foot

and iniposes a further cooling load of

about 2,400 B.t.u. per hour.

These loads constitute what is

known as the internai heat gain and
are present at ali times when the

building is occupied. Their total is

21,400 B.t.u. per hour or 1.78 tons

refrigerating effect.

Outside air for ventilation pur-

poses is required for the comfort of

the occupants of the space, a reason-

able quantity for each office worker
being 20 c.f.m. This air must be
warmed or cooled as dictated by the

outside conditions prevailing at the

time. When outside conditions are at

the design dry and wet bulb tempera-

tures there is a quantity of about

1,000 B.t.u. per hour per person of

heat present which must be removed.
This cooling load is variable from day
to day over the cooling season, but

the peak for any particular project

is reached when the design conditions

laid down are attained.

Now if the 1,000 sq. ft. of office

BUILDING

RATIO NETT. TO
GROSS AREA %. 72 5 7722 732 65-64 68-55 70-25 63-23

TONS PER 1000
SQ.FT NETT. 3 30 307 3-25 3 26 3 00 4 09 344 3-85 3-17

HP/lOOO
SQ. FT NETT. 630 7-01 6-45 5 04 5-45 7-29 4 95 6- 03 5 07

HP/lOOO
SQ. FT GROSS. 4 55 5-41 4 72 3 58 3 40 4 24 3 2!

Fig. 1.

space under consideration is rectangu-

lar, having an exterior wall of 20 feet

by 13 feet high, with westerly ex-

posure, and an interior depth of 50
feet, the cooling arrangements must
compensate for the heat transmitted

through the window and wall struc-

ture by reason of the difference be-

tween the inside and outside dry bulb

temperatures and the heat transmitted

through the glass by solar impact. This

quantity of heat will be of the order

of 8,000 B.t.u. per hour and will de-

pend on a number of circumstances;

ratio of glass area to exterior wall

area, wall construction or orientation

of the building, outside shading and
inside shading, among others.

The total of these two variable

quantities, i.e. ventilation load for

12 persons and externai load, is of

the order of 20,000 B.t.u. per hour or

1.66 tons refrigerating effect.
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Fig. 2. Left

Fig. 3. Right

For the hypothetical area of 1,000

square feet under consideration, there-

fore, the total cooling load is

Internai load 1.78 tons

\'entilation and externai load

1.66 tons

A total of 3.44 tons

If the structure has only one floor

then a roof load of about one haif

ton must be added for a net area of

one thousand square feet.

It is to be noted that the whole of

the 1,000 square feet has been con-

sidered to be air-conditioned space.

In dealing with a building however,

it is extremely unlikely that the whole

of the space enclosed by the exterior

walls will be air conditioned. The
gross area of a building is that of

the superficial area of the ground

upon which it stands multiplied by
the number of floors. The net con-

ditioned area is the total area of the

conditioned spaces within the build-

ing. Over a number of buildings the

ratio of net to gross area can vary

considerabl>- as may be seen in Fig. 1.

CONNECTED HP PER 1000 SQ FT NETT AREA

. . . GROSS AREA
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Actual tonnages per 1,000 sq. ft.

net area for a number of fully air

conditioned buildings are also to be
found in Fig. 1. It will be seen that

these figures are close to that of 3.44

tons evolved earlier, which figure may
therefore be found useful for a quick
estimation of a load.

It requires power to obtain re-

frigerating effect and power to distri-

bute this effect to the occupied
spaces. In comfort conditioning, one
ton of refrigeration is obtained by
the expenditure of one horse power,
more or less; the figure varies usually

between 0.89 and 1.1 h.p. per ton.

In close association with the refrig-

erating compressor are the condenser
vvater pumps and the cooling tower.

It appears that no useful figure can

be obtained to relate the motor horse-

power required for this associated

equipment to that of the refrigeration

compressor. The variation in this

ratio is dependent upon both the selec-

tion of the equipment and the rela-

tive positions of the various machines
within the building.

In the larger installations it is usual

to use the refrigerating machine as a

means of chilling water. The chilled

water may be pumped to finned tube

cooling coils installed in the air condi-

tioning units, to similar coils included

in under-window units, and/or to

radiant coils in ceilings or walls. Power
is also required to distribute air cooled

by the médium of the chilled water in

the coils installed in the air-condition-

ing units to the occupied spaces in the

á 3 4 è

Fig. 4. Left

Fig. 5. Right é f § § i5 \ \ NobN i 5 S 4 §"

TIME(HRS.)

building. Here again it is not possible

to relate within narrow useable limits

the horsepower required for distribu-

tion purposes to that for the compres-
sor. For each building a number of

conditions are present which render it

different from any other building.

Among these different conditions are:

(1) Geographical location of the

building.

(2) Orientation of the building.

(3) Ratio of superficial area to

perimeter.

(4) Ratio of net to gross floor area.

(5) Ratio of window area to out-

side wall area.

(6) Density of occupation.

(7) Light intensity.

(8) Extent of use of business mach-
ines.

For eight installations Fig. 2 shows
the connected horsepower required to

bring reasonable comfort to the oc-

cupants. The total is divided into

three parts, the cross-hatched lower
portion being the horsepower of the

refrigerating compressor, the single

hatched portion the equipment inti-

mately associated with the compressor

and the unshaded portion the distri-

bution equipment.

Facilities, such as spacious lounges,

kitchen and cafeteria to be found in

the two buildings (A) and (B), are to

be found together in building (D).

The total of (A) and (B) are brought
together in (C). A conditioned area

within a non-conditioned building

gives different characteristics to those

to be found in a fully conditioned

structure; (F) is such a case and is

shown for purposes of comparison.

(A) employs médium pressure under-

window vmits with a conventional in-

terior zone in which air is admicced to

the occupied space through a perfor-

ated metal pan ceiling from a supply

plenum above it. (B) embraces a num-
ber of conventional systems.

Both (D) and (E) employ radiant

heating and cooling together with

conditioned air distribution. In pro-

portion, (D) employs the radiant

method to a greater extent than (E).

The installations in G, H, and I are

ali of the high pressure under-win-

dow type, with conventional interior

zones. Superimposed on Fig. 2 is a

percentage line which indicates the

refrigeration compressor as a percen-

tage of the total connected horse-

power. Whilst this percentage varies

widely, it may be seen that the horse-

power of the compressor is only about

60% on the average of the total

horsepower required.

Figure 3 shows the connected horse-

power required for the air-conditioning

plant of the same eight buildings re-

(Continued on page 82)
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Buildings for Chemical Plants

Robert N. Boyd, M.E.I.C.

Supervising Engineer, Design Services, Engineering Department,

Du Pont of Canada Limited

THE SELECTION of suitable

types of construction for the

buildings needed to house chemical

plants presents many interesting piob-

lems. The desired objective is, of

course, the lowest long term cost. To
achieve this, it is necessary to con-

sidcr factors such as first cost, main-

tenance cost (which is particularly

important if the process is corrosiva),

fire resistance, heating cost as influ-

enced by degree of insulation, neces-

sary interior finish to minimize dust

accumulations or to permit hosing,

weather resistance and appearance.

The subject is of considerable impor-

tance to expanding chemical manu-
facturers such as Du Pont of Canada^
whose investment in plant buildings,

exclusive of building services is over

$17,000,000.

This paper covers a number of the

more important factors by describing,

with costs, several types of construc-

tion used by this company to meet
the various conditions imposed by
their processes. The characteristics

and limitations of these constructions

will be discussed and some of the

forward thinking in this field will be

reviewed.

Housing Corrosive Processes

The first type of problem involves

the provision of low cost non-flam-

mable housings for wet processes of

a corrosive nature. Such processes are

frequently designed for a minimum
room temperature of about 40 °F. so

that water used in the process and for

floor washing will not freeze, no mat-

ter how low the ambient temperature

may be. A specific example would be

the adipic acid refining section of the

nvlon intermediates plant at Maitland,

Ontário. This process involves the

handling of acids, the fumes of which

are highh' corrosive.

As shown in Fig. 3, the ground

floor construction which was selected

comprised acid proof brick on a

concrete slab of earth. Some might

expect sufficient heaving of tíie floor

slab due to frost action to crack the

brittle joint material used with the

acid proof bricks. No noticeable move-

ment has been experienced ho\\ ever

during the fom^ years this building has

been in operation, due to the carefui

attention that was paid to the drain-

age of the sub floor area. This was

accomplished by the provision of

about two feet of gravei fill under the

slab and the installation of perimeter

weeping tile drains.

The determination of the allow-

ance to be made in the structural de-

sign for future alterations and expan-

sions to such a building is always

a problem. While the project engi-

neer has some ideas on the direction

of future expansion, technological ad-

vances ma>- impose structural loads

never imagined during the original de-

sign. The policy followed is to steer

a course between the Sc\lla of tight

design, permitting no changes \\ ithout

structural alterations and the Charyb-

dis of wasteful o\erdesign.

The walls selected are of ribbed

asbestos-cement board, bolted to steel

girts. Because of the specified room

temperature of only 40° F., an eco-

nomic evaluation showed that thermal

insulation for the walls and roof

could not be justified. The experi-

ence with this wall construction has

been quite satisfactory. The asbestos-

cement board, while brittle, has not

suffered excessive mechanical dam-

age, and it has quite good corrosion

resistance. A minor drawback. how-

ever, has been the need of frequent

maintenance painting of the steel

girts.

The suspended floors are of re-

inforced concrete protected with acid

proof brick wherc dictated b\- pro-

cess requirements. The roof deck is

Fig. 1. Photo of Kingston Bldg. 5 completcd.
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Fig. 2. Photo of completed Bldg. 216.

cilso of reinforced concrete, because

it is, in some measure, an operating

and maintenance floor for the equip-

inent located on the roof. No roof

covering is used over the concrete

deck.

The cost of this building was $1.00

per cubic foot. This figure, in com-
mon with ali other units quoted covers

the direct cost of the structure, fac-

tored to an E.N.R. construction cost

Índex of 300. The figure does not in-

clude "indirect" charges such as engi-

neering, contractors profit, and pay-

roll insurance, and it does not include

building services, such as lighting,

heating or plumbing. While the cost

of this building may seem high, it

should be noted that its primary func-

tion is to support much heavy equip-

ment and piping and that its role of

weather protection is of secondarv
importance.

Fig. 2 shows the finished appear-

ance of this building.

Dry Storage Construction

The next problem is of importance
to ali segments of industry. This is

the provision of very cheap, dry, un-

heated storage space where no cor-

rosion is expected.

This particular problem was solved

recently at the nylon yarn plant in

Kingston by the selection of a prefab-

ricated building having metal wall and
roof covering which was erected on a

floating slab foundation. Because of

the impervious nature of the clay soil

on which it was constructed, particu-

lar attention was paid to drainage of

the sub floor area. As with the last

example, a two foot layer of gravei

fill was provided under the floor

slab together with perimeter weeping

tiles.

Fig. 1 is an interior view of the

completed building. This structure
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whicli had a floor area of 5600 sq.

ft., cost 26c per cubic foot. In com-
paring tliis figure with others quoted,

it shoiild be recognized that this pre-

fabricated building was engineered

and erected by the supplier on a liimp

siiin contract and the owner s indirect

field expense and engineering charges

\\ ere insigniíicant. This puts this par-

ticular unit cost on a considerably

different footing from the other unit

costs whose basis was described

earUer.

Dustproof Construction

Tlie selection of a suitable type of

construction for the dope house at

the commercial explosives plant at

North Bay presented some interesting

problems. The dry ingredients for

commercial explosives are known as

dopes and a typical dynamite may
contain six or eight different dope
ingredients which are needed to give

the desired combination of properties.

These dopes, comprising such mater-

iais as pulps and meais, are weigh
batched in the dope house.

For this operation it was necessary

to provide a noncombustible low

cost structure with a dustproof interior

finish to aid in housekeeping. Be-

cause some of the dope ingredients

are moderately corrosive, a fair degree

of corrosion resistance was desired.

Since the building was to be heated

to 40 °F. only, very little thermal

building insulation could be economic-

ally justified.

The construction selected, as shown
in Fig. 4, included steel frame and
concrete block walls. In áreas requir-

ing protection of the concrete floors

against corrosion from ammonium ni-

trate, asphalt bridge planking was laid

on an impregnated glass fabric mem-
brane. This material which consists of

a mixture of asphalt, fibre and min-

eral filler, is available in various

thicknesses and sizes.

To prevent dust accumulations

evervthing possible was done to elim-

inate horizontal ledges within the

dustv part of the building. For ex-

ample, beam flanges were covered

with a mastic fillet or the beams
were encased in concrete. Much of

the eléctrica! conduit was cast in

the concrete floors. The ventilating

ductwork was even carried on the

outside of the building, in order to

eliminate it as a potential location

for dust accumulations.

The finished building cost 65c per

cubic foot. This fairly high cost re-

sulted partly from the special process

requirements of corrosion resistance

and dustproofing and partly from the

rather heaw and extensive equipment

supports that were necessary.

Dry Manufacturing

AIso required, at the explosives

plant, was a building of some 15,600

sq. ft. to accommodate equipment for

the manufacture of shells and boxes.

This is a dry operation with a room

temperature of 70 °F. The lowest cost

construction was desired. As shouTi

in Fig. 5, the construction selected

comprised a steel frame with a flat

roof and insulated wood stud walls

covered with aluminum siding and

lined with %" phwood. The floor Í5

again of floating slab construction. Be-

cause of the paper and wood mater-

iais iised in this process, it was con-

sidered desirable to sprinkler this

building and this, in tum, permitted

the use of low cost flammable con-
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20 YE. BOUDLD BOOF

G.i. russHiua

rrwT. CONC cí^nt steip -

LOC55E: MINLEAL WOOL 1N5

COMT. a.:. FLASHIWG

r-3'CEaULAB atASS OKÍ Z

LiOHTwtlCrtT CONC.

VENl HOUIS

VCNT M0'_I5

AÍ5EST0S SHIuGLtS

I L^YC.e. TAe. pívPte.

7'»" SHiPLí^P cto^^
.SIOING.

Z' *<í CLDAE. STUD6

PITCH FLASHIMâ i2'h;&H

ÍEOUND STUDi. SILLS *5iDiMG

YCNT MOLtS

FOUUOA.TIOM W«>LL

3'MiMEEAL WOOL INSUL, BATTS

Jô T^G CCO»>e rtOElZ. SlOwlfi

I LíiYtE * MIL POLyETHYUEUE.

WiTK TM»tO JOlUTS.

7— 3' cELLUL^e GLk»i iws

l"! - ti ,^-5'e.tlMF COjilC. SLÍ>.b

Fig. 6. Sketch of Kingston WaM.

60 THE ENGINEERING JOURNAL—MARCH, 1959



Fig. 7. Photo of Kingston under construction.

stiuction materiais which might not

otherwise have been selected. The
lost of this structure at 28c per

cubic foot appears to be quite sat-

isfaclorv when it is remembered that

wãWs and roof are insulated.

Humidifíed Areas

At the nylon yarn plant in Kingston,

many of the operations are carried

out in áreas maintained at a relativa

humidity of around 70%. Since the

operations are clean and dry and
involve no corrosive materiais, the

inain problem results from the high

lelative humidity. The plant layout

anticipates expansion of the humidi-

fíed áreas so most of the outside

\\ alls of these áreas are of temporary

construction. In the early days, bafore

tlie importance of good vapour seal-

iiig was appreciated, extensive rotting

occurred in the wood studs and
sheathing used in these temporary

walls. The solution to thi^ problem,

as shown in Fig. 6 involved a three

pronged attack. First, a vapour seal of

polyethylene film was provided on

the room side of the wall, in order

to minimize the flow of vapour into

the wall. Second, vent holes were
bored at the top and bottom of every

stud space in order to dissipate, by
gravity circulation, any water vapour
that might penetrate the wall. Third,

cedar studs and sheathing were used

and a mopping of hot pitch was
specified at the bottom of each stud

space, in order to minimize rotting

should condensation occur under

highly unusual conditions. The wall

is well insulated to keep the inner

surface above the room dew point

of approximately 60 °F. in order to

prevent condensation at this point.

The roof construction for these

humidified áreas also presents a prob-

lem. Since a built-up roof is by its

nature a very good vapour seal, anv
water vapour that penetrates the roof

insulation will be trapped and will

eventually condense. The original roof

construction used as a vapour seal two
plies of roofing felt well mopped
with hot pitch. The insulation was of

cork, which was covered with a 20
year bonded roof. After a few years'

operation, condensation began to ap-

pear on the underside of the roof

deck in cold weather indicating that

the roof insulation was losing its ef-

fectiveness. On investigation, it was
found that the cork over much of the

area was completely soaked with

water which had passed upwards
through the relatively permeable va-

pour seal that had been provided.

The solution to this problem, as

shown in Fig. 6, was to use an im-

pervious insulating material consisting

of cellular glass. This construction

has been completely adequate for the

period of more than ten years that

it has been in use at the nylon plant.

Fig. 7 shows a typical temporary

wall under construction for a humidi-

fied area at the Kingston works. Be-

cause of the need of gravity circula-

tion to remove moist air from the stud

space, no headers are used between

vent holes.

What of the Future?

These examples highlight some of

the factors which have been consid-

ered in the selection of suitable hous-

ings for chemical plants. Experience

has shown that these constructions

are effective, but what of the future?

Sandwich wall constructions, such

as mineral wool between aluminum,

are becoming of more interest as their

cost is reduced through improved in-

stallation techniques. Prefabricated

Sandwich paneis should be of particu-

lar value for semi-permanent walls,

because of their expected low cost,

high salvage value and speed of erec-

tion.

Another subject for further investi-

gation is the criticai evaluation of

prefabricated buildings for various

applications. While several good
makes are available, they are not nec-

essarily cheaper than low cost custom

built buildings. More information

must be developed on the best appli-

cations for each of these types.

Still another area, is the use of

advanced engineering and construc-

tion techniques. Plastic design, of

which the first example on the North
American continent is in a commercial
building located in Kingston, Ontário,

will lead to more economical struc-

tures. There is a place, in the chemical

industry, for structures of precast and
prestressed concrete. These structures,

in addition to being economical, also

provide excellent corrosion resistance

in some environments which are

highly corrosive to structural steel.

On the construction side, experience

with cylindrical paper tube forms for

column piers has been excellent. It

is thought that foundation costs can,

in some instances, be further reduced
by using these forms with auger

drilled holes. Other techniques that

should lead to cost reductions include

the palletizing of construction mater-

iais, the use of stud welding for fas-

tenings and the use of road pavers

for construction of large floor slabs.

Because of the numerous interre-

lated factors, the selection of the best

construction under any set of circum-

stances must be based on experienced

judgement; because of rapid advances
in design and construction techniques,

what is best today mav be completely

outmoded tomorrow.
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PHOTOGRAMMETRY IN HIGHWAYS AND

RAILWAYS ENGINEERING

This paper discusses the application of

photogramnietric engineering methods

and electronic computers to highway and

railway location problems. It describes

the steps usually followed in locatien

work and illustrates each phase of the

work with practical examples. The tech-

niques used in air photo analysis, ground

and photogrammetric surveys, and meth-

ods of computing earth work quantities

for estimates and pay purposes are de-

scribed.

TODAY'S RAPID development of

vast áreas of Canada represents a

continuous challenge to tfie engineer-

ing profession. As we plan new high-

ways and railways, the engineer has

the difficult task of locating the best

route and producing the best possible

design in a very Hmited period of

time. Not so long ago, the "classical"

method of location was to travei the

area on foot and examine the terrain

from high points or to fly over it in

an airplane and select a preliminary

route. Only limited information could

be obtained, and the route selection

was done without detailed knowledge
of topography, geology, soils and
drainage. Alternative routes, more de-

sirable than the one staked on the

ground, were often overlooked.

The problem of route selection was
always a challenge to the photo-

grammetric engineer. To meet this

challenge the photogrammetrists have

developed, during the last few years.

.1. M. Zarzycki, M.E.I.C. Chief Engineer,

Engineering and Photogrammetry Division,

Canadian Aero Service Limited

precision aerial cameras, plotting in-

struments, and new advanced inter-

pretation and compilation methods.

Modem photogrammetric instruments

have been combined with electronic

computers to provide more speed,

economy and precision in computa-
tion of excavation quantities. Today
photogrammetric methods are being

more and more widely used by high-

way and railway engineers.

Photogrammetry, a branch of civil

engineering, is the science of obtain-

ing various survey information by
means of special types of photographs

and interpretation procedures. It de-

velops data heretofore collected la-

boriously on the gromid. Its aim is to

reconstruct precisely the measure-

ments of two or three dimensional

objects from photographs, and to ob-

tain geological, soil, forestry and ali

geographical information of the

photographed area.

Photogrammetric surveys for high-

Fig. 1. An example of a photo analvsis.

way and railway location and design

proceed in five steps:

(1) Reconnaissance sur\ey of the

entire area betvveen terminal points

to determine ali feasible routes.

(2) Reconnaissance survey of these

routes, in more detail, to determine

the best route.

(3) Detailed reconnaissance of the

selected route to produce a "paper
location" of the semi-final line.

(4) Detailed sur\ey of the semi-

final route for the preparation of ac-

curate cross sections and large scale

topographic plans of selected áreas,

for major culverts and bridge sites,

overpasses and clover leafs.

(5) Detailed survey of the route

after construction for the purpose of

determination of pay quantities.

How these surveys are carried out

is described below.

(1) Reconnaissance Survey of the .\rea

After the traffic study is completed
and the terminal points of the rail-

way or highway are determined, the

work of the photogrammetric engi-

neer begins. Through a stereoscopic

study of small scale aerial photographs

(scale 1 in. = 1 mile, or 1 in. =
3333 ft.) the photo interpretation

specialist provides tlie location engi-

neer with reconnaissance information

concerning geolog\'. soil, drainage,

land use and topography. From care-

ful stud\ of ali pertinent factors over

a broad area. several feasible routes

are selected. The results of this study

are presented in the forni of a report

in terms familiar to the location

engineer. These results are keyed to

a map or photo index and contain a

general interpretation of tlie engineer-

ing significance of the data.

Since Canada is covered b\- aerial

photogiaphs niade for the Federal
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CONTOUR INTERVAL 25 FEET

Fig. 2. The outlined strip on this reconnaissance map has been chosen to be re-photographed as the selected route. The new
photograph will be used for detailed photo analysis and the preparation of accurate topographic plans (32.5% reduction
from original drawing).

or Provincial Governments, the pre-

liminary reconnaissance surrey can be
undertaken at any time of the year.

The time necessary and costs involved

are only a small fraction of time and

costs for a reconnaissance survey on
the ground. Furthermore, through the

examination of a broad area, it is pos-

sible to study ali alternative routes.

(2) Reconnaissance of the Alternative
Routes

After alternative routes are selected,

each one is studied in detail.

Ali the pertinent information needed
by the location engineer for his study

and choice of the best route can be

provided by photogrammetry. In áreas

covered by National Topographical

Series maps at a scale of 1 in. = 1

mile with 25 ft. or 50 ft. contours, it

will be necessary for the photogram-
metric engineer at this stage to con-

duct only a more detailed photo an-

alysis of each route. A general study

of grades and the extent of excavation

and fill required can be conducted by

the location engineer with the help

of existing Federal Government topo-

graphic maps. This detailed study of

the aerial photographs will provide

information concerning drainage, gen-

eral requirements for bridges and
major culverts, the amount of rock

excavation and location of gravei

and aggregate materiais needed

for highway construction work. The
aerial photographs will also provide

valuable information about land use

and property boundaries.

When the available aerial photo-

graphs are out-dated or of poor qual-

ity, it is advisable to fly new photo-

graphic coverage along each alterna-

tive route. This is particularly

recommended when reconnaissance

type maps must be prepared for áreas

lacking Government topographic

maps. Photographs for this purpose

are usually taken with a 6-in. focal

length lens at altitudes of 30,000 or

20,000 feet above the ground giving

a scale of 1 in. = 5000 ft. or 1 in.

= 3333 ft. respectively. To obtain a

stereoscopic coverage, the pictures are

taken with 60% forward overlap and
approximately 30% side overlap be-

tween the flight lines. The teiTain

can be viewed in three dimensions by
using a simple stereoscope. These aer-

ial photographs, which provide an up-

to-date picture of the ground, are

very useful in conducting more de-

tailed photo analysis of each route.

Furthermore, as these flight lines are

planned to follow each alternative

route, the compilation of 25 ft. con-

tour reconnaissance maps will pro-

ceed more easily, faster, and less ex-

pensively than by using existing

photographs. Reconnaissance type top-

ographic maps compiled from aerial

photographs show contours, drainage,
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SCALE "- 200

CONTOUR INTERVAL 5 FEET

Fig. 4 The Kelsh stereo-plotter allows the

operator to view an exact optical model of

the photographic terrain. Contour lines

and planimetric features can be traced

off directly.

Fig. 3. The semi-final line is projected on a detailed plan as shown. This plan is

used by ground survey crews in staking the centre hne of the raihvay. (32.5'%
reduction from original drawing).

Fig. 5. The completed photo contour map. This is not a mosaic with superimposed
contour lines but is a true orthographic projection.
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Fig. 6A. Large scale engineering plan of a portion of the proposed Queensway in

drawing).

roads, railways, county and township

boundaries, major buildings, cross

country power lines, and other impor-

tant planimetric details. Contouis

compiled photogrammetrically express

the land forms with far more detail

than would be possible to obtain by
ground survey methods. The most
useful scale for the reconnaissance

type maps is 1 in. = 1 mile or 1 in.

= 2640 ft., and the contour interval

25 ft.

In most cases it is advantageous to

prepare an uncontrolled mosaic from

the high levei photographs of each

route. The scale of the mosaic

should be approximately the same as

the scale of the reconnaissance type

topographic map. An uncontrolled

mosaic is obtaíned by matching aerial

photographs together to an approxi-

mate scale. The photographs are not

corrected for the tip and tilt of the

aerial camera at the moment of ex-

posure. Therefore, an uncontrolled

mosaic will show horizontal displace-

ments of planimetric details due to tilt

of the aerial camera and also due to

the relief of the ground. Although ac-

curate measurements cannot be made
from mosaics, they serve a useful

purpose. For example, the results of

the air photo analysis and other perti-

nent location data can be conveniently

shown on the mosaic. Such a presen-

tation of engineering facts is very

useful in discussions with laymen un-

familiar with engineering drawings.

Not only do the aerial photographs

provide a vast amount of information

over a broad area, but these studies

can be carried out in the office with-

out involving ground surveys, and
therefore can be kept confidential.

This is important to the location

engineer and the administrator. Tlius

it is possible to eliminate in the plan-

ning stage property owners' concern

and speculatíve real estate transac-

tions. Consequently, the right-of-way

can be secured for a more reasonable

amount.

(3) Detailed Reconnaissance or

Preliminary Survey of the Selected Route

The steps outlined in the previous

Ottawa. (32.5% reduction from original

paragraphs have brought the location

engineer to the point where he can
select one strip and be confident that

he has selected the most practical

and economical route. Ali this pre-

liminary reconnaissance was com-
pleted substantially without setting

foot on the ground.

In the location of the semi-final

centre line of the road or the "P"
line within the selected strip, photo-

grammetric methods especially de-

veloped for this purpose are of great

assistance. The first step is to secure

large scale aerial photographs of the

entire route. These photographs shall

be suitable for compilation of topo-

graphic maps portraying 5 ft. contour

intervals at a scale of 1 in. = 200 ft.

In relatively flat áreas it is recom-
mended that 2 ft. contour intendais

be used. The width of the mapped
strip is usually one mile, but it varies

according to the topography. The
scale of the aerial photography taken

for compilation of 5 ft. contours is

usually 1 in. = 1000 ft. The mapping
plane's altitude, and consequently the
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scale of the aerial photography for

a given vertical accuracy, depends
largely upon the type and quality of

the lens in the aerial camera and upon
the type and accuracy of the stereo-

plotting instruments to be used for

compilation. Therefore, the final rec-

ommendation as to the scale of the

aerial photography and compilation

methods should be made by the

photogrammetric engineer responsible

for the project.

To provide the location engineer

with necessary information for the

location work, the photogrammetrist

will conduct a detailed photo analysis,

establish vertical and horizontal

ground control, and compile accurate

topographic plans.

The detailed photo analysis will

call the attention of the location en-

gineer to specific or unusual situa-

tions and will provide information

conceming rock and soil types, ap-

proximate depth of bedrock, location

of possible sources of gravei and ag-

gregate materiais, location of quarry

faces and outcrops, direction of dip of

bedding plains, and the location of

áreas subject to slide. The photo an-

Fig. 7. A field crew on location in

Northern Quebec using the Telluro-

meter, electronic instrument for distant

measurement.

alysis data are field checked before

they are submitted to the location

engineer. These field checks are of

great importance and should be an

integral part of the detailed photo

analysis. The purpose of the field

check is to sample necessary keys and

to prove the validit>- of the informa-

tion obtained from aerial photographs.

The land use data are also obtained

from aerial photographs by functional

classification of tlie land along the

proposed right-of-way.

The results of the photo analysis

are presented in the form of an an-

Fig 8. A Wild A-8 Autograph with attached electronic coordinate printer. The tape immediately below tbe picture con-

taíns data on the coordinates of cros.s-sections obtained with the A-S instrument. The second tape represents the program
for electronic earthwork calciilation.
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Fig. 9 (A). Comparative study of profiles surveyed by standard ground methods and by photogrammetry. The maximum
deviatíon was found to be 0.5 ft. and the average deviation 0.2 ft. (32.5% reduction from original drawing).

notated mosaic with overlays showing
soil, geology, borrow materiais and
land use classifications. This graphical

presentation is accompanied by a

written report discussing the engineer-

ing significance of the data. Based on

the information provided by photo
interpretation, the design engineer can

lay out a more effective boring pro-

gram and thus reduce substantially

the time and cost of soils investigation.

The topographic plans required for

location of the preHminary or semi-

final Hne can be compiled most eco-

nomically by photogrammetric meth-

ods. It is necessary to establish verti-

cal and horizontal control on the

ground for the purpose of "levelling"

and "scaling" of the aerial photo-

graphs for this compilation. Careful

planning of the ground survey is very

important since it will not only in-

fluence the accuracy of the topo-

graphic plans but also will be of great

assistance in staking of the centre line

on the ground. The approach followed

on large railway projects in Northern

Manitoba and Quebec is to run ac-

curate traverses and leveis close to the

proposed centre line as determined

from preliminary photo interpretation

and reconnaissance maps. Bench marks

and traverse stations should be per-

manently marked approximately every

mile and described. In addition, pos-

ition and/ or elevation of points readily

identifiable on the aerial photographs

should be established so that accvnate

topographic plans can be compiled.

In connection with ground control

survey, the new electronic distance

measuring device, the Tellurometer,

is very useful. This instrument, which

was developed in South Africa, mea-

sures distances from 1,000 ft. to 30,-

000 ft. with an accuracy of 2 inches.

The only power supply required is a

6-volt automobile battery. The equip-

ment consists of a "master" and a

"slave" station, each vveighing approx-

imately 30 Ib.

After the ground control is estab-

lished, the topographic plans are

compiled, using stereo-plotting instru-

ments such as the Kelsh plotter or

Wild A-8. Planimetric details such as

roads, railways, streets, buildings,

streams, rivers, water bodies, power
lines, permanently marked traverse

stations and other pertinent details

are plotted from aerial photographs

together with contour lines. The most
useful scale and contour interval for

the detailed reconnaissance type of

plans is 1 in. = 200 ft. with 5 ft.

contours. In flat áreas 2 ft. contours

are recommended. This plan covers

a strip between one-half to one and
one-half miles wide and thus gives

the location engineer detailed infor-

mation over a large enough area.

The standard accmacy of the topo-

graphic plans generally accepted is

as follows.

Horizontal Accuracy — 90 per cent

of ali well-identified features shall be
plotted to within 1 20 inch of their

correct relative position. In urban or
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Fig. 9 (B). Comparative study of profiles surveyed by standard ground methods and by photogrammetr>'. The maximum
deviation was found to be 0.5 ft. and the average deviation 0.2 ft. (38.3% reduction from original draicing)

heavily developed suburban áreas, the

horizontal accuracy required is 1/40

inch. In these cases the plans should

be drafted on a stable material, and

not on linen. The maximum error

should not exceed twice these speci-

fied accuracies.

Vertical Accuracy — 90 per cent

of ali contours shall be accurate to

vvithin one-half the contour interval.

The maximum error should not exceed

one full contour interval. This vertical

accuracy can be maintained except

for áreas covered with heavy trees

and heavy undergrowth. In such áreas,

the aerial photos should be annotated

for the engineer to show different

zones of vertical accuracy, according

to density of tree cover in the area.

The topographic plans, together

with the result of the photo analysis,

provide the basis on which the design

engineer can determine a number of

feasible routes for the railway or high-

way. The engineer can project the

centre line on these and determine

grades, bearings of the tangents and

coordinates of the P.C. s, P.T.'s and

P.I.'s. He can also compute prelimin-

ary excavation quantities and classify

the excavated materiais. Computing

machines may also be useful to pro-

vide information on cut and fill for

each tentative route. Using these data,

the centre line can be transferred

easily from the plans to the ground.

The staking of the semi-final centre

line on the ground will proceed more
rapidly since it will not involve any
extensive basic survey work and will

eliminate the necessity of running h-ial

lines. Ground survey conducted prev-

iously for the purpose of establishing

control for photogrammetric mapping
forms the skeleton from which the

new centre line is surveyed. Exper-

ience shows that the final line of

the railway or highway does not

vary by more than 100 ft. from the

semi-final line determined by using

information supplied by photogram-

metry. Very often these variations

amount to 20 ft. or less.

The photo contour map should be

considered also for location work.

This new technique is a result of an

ingenious combination of photogram-

metric principies and was developed

by R. W. Towill. The photo contour

map shows both contour lines and

a photographic image of ali plani-

metric and cultural details of the

area. It is not a mosaic with contours

superimposed, but a hiie orthographic

projection. In compiling this map
each aerial photograph is corrected

for tip, tilt, scale, and topographic

relief. The correction for the relief is

made for each contour interxal. The
location and design engineer will find

this ne\\' map of great assistance in

soK ing man\- problems because of the

wealth of information it provides; it

gi\es him continuai reference in the

field.

(4) Detailed Survey of the Semi-Final
Route

After the semi-final or "P" line of

the highway or railway has been

transferred to the ground from the

topographic plans, the possible bor-

row-pit sites and the right-of-wa\ ai-e

photographed at a ver>- large scale.

If the route is covered by hea\y tim-

ber or dense undergiowth the right-of-

wa\' should be cleared before the

photography is taken. These photo-

graphs are used for compilation of de-

tailed topogiaphic plans at 1 in. =
20 ft. or 1 in. = 40 ft. or 1 in. =
50 ft. with 1 ft. contours and also for
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determination of cross sections and

excavation quantities.

The necessary ground control for

compilation of the detailed plans can

l)e easily established at the time when
the semi-final centre line is staked on

the ground. These large-scale plans

have been found very useful for de-

tailed design of multi-lane highways,

hridges, clover leafs and major cul-

\erts. The plans may be prepared

for the entire right-of-way or only for

selected áreas.

In addition to planimetric details

iisually shown on the 1 in. = 200 ft.

or 1 in. = 100 ft. plans, these large-

scale plans also show culverts, sani-

tary and storm sewers, telephone

|)oles, hydrants, curbs, and ali struc-

tiires, roads and railways, and ali

property lines visible on aerial photo-

ííraphs. Invert elevations for man-
lioles, catch basins, and underground
Utilities can be added to the plans

after a field editing. Plans of this type

at a scale of 1 in. = 40 ft. with 1 ft.

Lontours have been recently prepared
hy photogrammetric methods of the

proposed Queensway in Ottawa.

These plans are being used by the

Consulting engineers, for the detailed

design, quantity estimates and solv-

ing of other problems encountered.

To check the accuracy of these plans,

profiles have been run on the ground
and compared with the profiles ob-

tained from contours plotted photo-

grammetrically. Figures 9A and B
show this comparison, which estab-

li.shes that the contours are well with-

in the specified accuracy of 6 inches.

The same aerial photographs can

be used for the determination of cross-

sections of the terrain before construc-

tion and computation of slope stake

data and accurate earth work quan-

tities. For this purpose the precise

stereo plotting instruments are coupled

with a punched card or punched tape

printer. The computations are per-

formed by high-speed electronic com-
puters. At the suggestion of the auth-

or the Wild Company, of Switzerland,

has modified the A-8 stereo plotting

instrument, adding an electronic print-

er which punches on a tape or card

the XY coordinates and elevation of

every point of the stereo model by
simply pressing a button. When a pro-

file or cross section must be estab-

lished photogrammetrically, the stereo

operator places the measuring dot on

the ground along the cross-section to

be taken and presses a button. At this

moment the position and elevation of

the point is registered on the tape.

Every point along each cross-section

and profile is measured and registered

Kig. 10. A Kelsh plotter with a digital readout system developed by Canadian Aero
Service engineers. The station number, distance from the centre line and the eleva-
tion of each point along a cross section are punched automatically on a tape.

in this way. To compute slope stake

data and the design quantities, this

punched tape is fed to an electronic

Computer together with the design

criteria and information covering type

of materiais along the route. The elec-

tronic machine computes the cut and

fill quantities classifíed according to

the type of materiais, as well as ver-

tical curves and the distance from the

centre line and elevation of each slope

stake. These data can be directly used

for preparation of contract documents

and for the detailed staking of the

route. A graphical presentation of the

cross-sections punched on tape is ob-

tained by employing an Electro Data-

plotter. This instrument (Fig. 11)

draws the cross-sections at the re-

quired .scales automatically from the

punch tapes or cards. By using photo-

grammetric methods combined with

electronic computers, the earth work
quantities and slope staking data can

be obtained much more quickly and

cheaply than by using ground sur-

vey methods.

(5) Detailed Survey of the Route After

Construction

This survey consists of the compu-
tation of progress and final pay quan-

tities and preparation of plans and
profiles of the route after construction.

The detennination of pay quantities

can be done by photogrammetric
methods. After the road or railway is

constructed, the entire route and the

borrow pits are photographed at a

very large scale. From these photo-

Fig. 11. The Electro Dataplotter for

plotting of profiles and cross sections

from punched tape or punched cards.
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Fig. 12. Portion of an aerial photograph showing a cleared right-of-way. This was laken for the purpose of obtaining
cross-sectíons and quantities of photogrammetric niethods. The larçe rareies indicate the location of pemianent control points.

The smal) circies show the location of flags placed on the centre line stakes.

graphs cross sections of the load as

constructed are obtained and regi-

stered on a punch tape. The two
tapes, one containing the cross sec-

tions of the ground before construc-

tion, and the other with the cross

sections of the ground after construc-

tion, are fed to electionic niachines

together with information concerning

type of materiais. The electronic com-

piiter then computes the pay quanti-

ties and classifies them in accordance

with the specifications. In the same
way, the amount of borrow material

taken from each pit is computed pho-

togrammetrically. The same aerial

photographs can also be used for pre-

paration of detailed plans of the road

or railway as constructed, if such

documents are required.

Fig. 13. A typical flow chart for data in earthwork quantities determination by
employing an integrated photogrammetric and electronic computation system.

ERIAL PHOTOGRAPHT

PLATE
I

TEST 1

'

I CpH^ACr J ^Êl
IHG

I
OlAPS I

"""'O LAB
I p-,,^,; lOEIlTIFIC

DIAPOSITIVE TEST
BESULTS OF PROJECT ENGINEEH

KOTTEO X-SECTIOH
^ guawTTTY ÃNÕ SLOPE^STThE PATA Z

J 1

PHOTO LAe
OIAPOSiTIVES

MANUSCRIPTS
MANUSCBIPTS

The compilation of earth work

quantities b\- photogrammetric nieth-

ods offers man\ advantages:

(i) These computations can be done

faster and less expensively than by

ground survey methods.

(ii) By using photogrammetry a

considerable saving of field engineer-

ing staff is achieved.

(iii) The cross sections obtained

photogrammetrically reflect the shape

of the ground more accurately than

those surve>ed on the ground. This

is particularh true in áreas of large

cuts where the process of sur\'e\ing

cross-sections on the ground is incom-

plete and proceeds ver\- slowly, which

may result in delays in supphing the

contractor with neccssan.- informa-

tion.

(iv) The computations are per-

formed hy a third and impaitial poup.
(v) The possibility of human error

is practicalh eliminated because the

cross-section data obtained in a stereo

plotting iiistrument are directb

punched on a tape and the computa-

tions are performed electronicalh

.

(vi) The aerial photographs pro-

vide a rapid. convenient and indisput-

able record of the groimd before and

after construction, and many disputes

can be settled in the office without

the necessitx of sending field crews to

the area.

(vii) Thcse photographs obtained

(Cojitinucd 07\ page S8)
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WHAT HAPPENS TO APPLICANTS FOR

NATIONAL RESEARCH COUNCIL

SCHOLARSHIPS

IN SCIENCE AND ENGINEERING

Paul Beaulieu,» s.E.I.C.

Division of Administration and Awards, National Research Council, Ottawa.

SINCE 1917 the National Research

Council of Canada has main-

tained a system of scholarships to

assist graduate students in science

and engineering who have shown
promise of research ability. Altogeth-

er nearly 3500 awards have been held

by a httle more than 2000 graduate

research students.

During the twenties the number
of awards increased moderately from

year to year, reaching a total of 592
in 15 years. The program suffered a

severe setback during the depression

of the thirties and it was not until

the Second World War that it re-

gained the levei of the predepression

years. In 1946, 30 years after its in-

ception, the total number of awards
granted had reached 1369.

Immediately after the war the an-

nual number of awards began to in-

crease rapidly. This was due partly

to the fact that so many war veterans

upon completing their bachelor's de-

gree decided to continue studying

for higher degrees. But it should be

noted also that Canadians had be-

tome more conscious of the impor-

tant role which science and engi-

neering could play in the expansion

of the country. In the eight years

which followed the war, the Council

awarded more scholarships than it

had in the thirty previous years of

its existence. In the last three years

(1955-57), an average of 220 scholar-

ships have been awarded each year.

The growth of this scholarship

program has paralleled the develop-

ment of facilities for graduate study

and research in Canadian universi-

ties, and it has played an important

role in the training of scientific per-

sonnel to meet the academic and in-

dustrial needs of the nation together

with those of its public service. The
annual expenditure for National Re-

search Council scholarships has now
passed the half-million mark.

SCHOLARSHIP COMPETITION
At present there are four types of

scholarships offered in science and

engineering. The bursary is awarded

to those who have had no previous

research experience and the student-

ship to those who have had one year

or more of experience in research

following graduation. Both taese

scholarships are tenable only in Cana-
dian universities, and cover a working

period of 8 months. They may be
supplemented by an additional sum
if the student works for a full year

on his program. The other two types

of scholarships are for study and re-

search outside Canada. The special

scholarship is given to those who have
completed the requirements for a

master s degree and desire to study

in a field in which it is difficult to

get the training in Canada, or to

work under a world-famous scientist.

The postdoctorate overseas fellow-

ship may be held by those who have
completed a doctorate degree and
who wish to add to their experience

by specialized training abroad. These
last two awards are for a tenure of

12 months.

The scholarship competition is held

annually in March. In each of the

past few years over 500 applications

• Awards and Committee Services.
National Research Council. Ottawa,
Canada.
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lui\e bofii received. The members
of the Honorary Advisory Council

for Scientific and Industrial Re-

search, better known by its short

title—National Research Council

—

take direct responsibility for award-

ing ali scholarships. This Council

coniprises representatives from Can-

adian universities and from ali fields

of science taken in a broad sense.

Each application stands on its

own nierit and a high standard of

scholarsliip has been rigorously main-

(ained. The nunibers of awards are

not límited by fields of research or

by universities. The task of the

Council is made more difficult by

the fact that the universities recom-

mend only their best students and
hence they must select the very su-

perior candidates from an already

high calibre group. In recent years,

close to half of the applicants were
awarded scholarships. However,

about 15% of these awards were not

held for various reasons such as un-

foreseen financial responsibilities,

changes in plans, sickness, etc. Over
80% of the scholarships awarded
were for study in Canadian imiver-

sities. In addition, it should be men-
tioned that many of the students who
fail to receive a scholarship and a

large number of others are supported

under N.R.C, research grants made
to members of university staffs.

Those responsible for such an im-

portant program are continuously

concerned with what has happened
to the scholarship holders over the

Highesl degree

obtained
Successful
ap-plicants

Vnsuccessful

applicants Totais

No. % Xo. % No. <7c

Ph.D 331 74 132 44 463 62
Master 100 22 115 38 215 29
Baehelor 19 4 53 18 72 9

Totais 450 100 300 100 7.50 100

Summarv A

years. Have these scholarships been

a good investment for Canada? What
has happened to the non-successful

group of applicants? Are the methods
of selection adequate? In an attempt

to shed more light on such ques-

tions, this study was undertaken.

WHO WAS STUDIED
Obviously, the group selected

should be recent enough to reflect

present-day operations and large

enough to permit meaningful com-
parisons. Baehelor graduates of the

3-year period from 1949 to 1951

who had applied for a Council grad-

uate scholarship in the years follow-

ing their first degree were found to

have these attributes.

This group is one of the earliest

in which most students would b\-

now have completed their training

and entered upon careers in science.

It also has the advantage of being

the largest 3-year gioup available.

Indeed there were more people b\

far who obtained a Bachelor's degree

in science or engineering in these 3

Summarv B

Highest degree

obtained
Successful

applicants
Unsuccessful

applicants Totah

No. % No. % No. %
Ph.D 19 73 2 12 21 49
Master 6 23 8 47 14 33
Baehelor 1 4 7 41 8 18

26 100 17 100 43 100

Summarv C
Region

B.Sc. degree

Western Provinces
Central Provinces

McMaster
Toronto
McGill
Montreal
Other universities

Maritime Provinces

Subtotal
Outside Canada
Still studying

Total

Ratio of Ph.D.'s to Applicants

No. of No. of %of
applicants Ph.D.'s Ph.D.'s

270 165 61

46 23 50
96 74 77
97 69 71

26 12 46
156 87 56
58 35 60

749 465 62
15 12 75
82

846 477 62

years than in any other 3-year period

in the history of Canadian universi-

ties, because of the war veterans who
graduated in those years in addition

to the normal student body.

Ali applicants for scholarships \\ ho

had graduated with a bachelor s de-

gree during this period amounted to

a group of exactly 900. Current ad-

dresses for most of these people \\ ere

secured from alumni associations.

graduate Schools which they had at-

tended, and personnel officers of

Government departments. Contact

was established with approxúnateK

98? of the group. and 96^ of those

who were sent letters responded to

the questionnaire. Altogether. 846
people provided complete data.

WHAT WAS ASKED
Questions asked included: W hat

uni\'ersity granted which degree. in

what >'ear. in \%'hat field of speciali-

zation? Present emplo>"ment was
asked for as at 1 July, 1957, together

with name of emplo>er. location of

employment, position held. and an-

imal salary effective at that date.

WHAT WAS ALRE.\DY KNOWN
During the period 1949 to 1957

the Council received 1616 applica-

tions from the group of 900 stu-

dents who form the basis for this

surve\ : 80? of these applications

were submitted in the four \ears

following their bachelors degree.

About 36% of the applications were
for a bursar\ , 45% for a studentshi;^

and 19? for awards tenable ontsii c

Canada.

It should be pointed out howe\"t

that 152 of these 1616 applicatiov-

were submitted by students wl

were granted Research Covnicil *

Ontário Scholarships just prior to tlu

date of the N.R.C, scholarship cmiv

petition. Since it has been the pra^

tice not to duplicate these Ontan
awards, these applications were n»^

considered by the Council. Howeve
in anal) zing the retmns of the su;

\e> these applicants have been in

eluded and considered as suoce.ssfn

candidates.

Table I gives the di.stribution (
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Category

Working within 3
years of Bachelor
graduation

Intent to do post-
gi aduate study

Levet of educalion Induslry

% ..

'Phe majority re-

mained at the 76
Bachelor levei

Those who re-

mained at the 51
Bachelor's or Mas-
ter's levei

Those who at-

tained the Ph.D. 36

Summary D. Stiidy/Job-Di.stribution

Government Univergili/

17

38

29

/(

7

11

35

Total of

Industry Govemment University employed
Ph.D.'s

- % % % No.

Chemists 57 20 23 143
Life scientists 11 38 51 106
Physicists 24 36 40 92
Engineeis. 53 28 19 62
Mathematicians 17 17 66 18

Totais 36 29 35 421

Summary E. Ditstribution of Ph.D.'s by Subject

applicants by region of bachelor

graduation. Nearly 40% of the Can-
adian apphcants for N.R.C, scholar-

ships graduated from universities in

Western Canada, where the popula-

tion is 27% of the Canadian total.

The percentage of applicants from

Ontário was just slightly lower than

the percentage of its population to

the rest of Canada, while the per-

centage of applicants from Quebec
and the Atlantic Provinces was con-

siderably below the percentage of

population in these provinces. It ap-

pears therefore, that Western Can-

ada produces proportionately more
graduate students who are interested

in our scholarships. However, the

graduates of Western universities

have perhaps less opportunity for

industrial employment in the home
area and may thus be more easily

influenced to continue their studies.

Large eastern universities have prob-

ably a greater number of attractive

scholarships to offer to their students

than western universities.

The percentage of applicants from

the Province of Quebec is lower than

the percentage of its population but

this is to be expected in the French-

speaking universities of Quebec,
where such excellent work is done
in the humanities, law, and medicine,

and where, until recently, science

and engineering had not been given

equal attention. Since 1945 the de-

partments of science of French-

speaking universities have expanded
very rapidly and the trend seems to

indicate that this growth will con-

tinue. The same thing is true in the

Atlantic Provinces.

Of the 900 students in the survey,

512 were successful in winning one
or more N.R.C, or R.C.O. scholar-

U.S.A.

U.K. £

Industry 54 91
Govemment 23 —
University O 29
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ships. Excluding 65 R.C.O. scholar-

ship winners, 447 or 54% of the ap-

plicants were successful in winning

one or more scholarships from the

National Research Council. The per-

centage of successful applicants from

most of the universities is quite close

to this over-all percentage.

These 447 successful applicants

received a total of 798 N.R.C, schol-

arships or approximately 1.8 awards
each. These 798 awards comprised

232 bursaries, 356 studentships, 85
fellowships (this category was Con-

solidated with studentships in 1955),

67 special scholarships, and 58 post-

doctorate overseas fellowships. The
following is a breakdown of the 447

85 98 66 96
24 — 23 —
10 17 8 19 .

students by number of scholarships

won. (Column A shows No. of N.R.C,

scholarships won by an individual;

col. B. shows no. of students who
won 1, 2, etc. scholarships).

Female applicants

Only 60 of the 900 applicants

were women, and a slightly lower

percentage was successful in winning
N.R.C, scholarships, 48% compared
to 54% for male applicants.

A B %
1 232 51
2 120 27
3 66 15
4 17 4
5 12 3

447 100

INFLUENCE ON ACADEMIC
CAREER

Table II gives a distribution of

the 846 reporting applicants, clas-

sified by highest degree and by year

of obtaining highest degree; 477 or

56% have a Ph.D. degree, 290 (34%)

went as far as the master's degree,

and only 79 (9%) did not go beyond
the bachelors levei.

Excluding the reporting applicants

whose first application to N.R.C, was
for a postdoctorate fellowship (14)

and those who were still studying at

1 July, 1957, for a higher degree (82)

the Summary Table A was derived.

This study shows that about three

quarters of the successful applicants

attained the Ph.D., and that a little

less than half of the unsuccessful ap-

plicants also attained the Ph.D. Simi-

73

Total

Summary F

ry granting
^h.D.

la

and other. .

'otal

N.R.C. Award

Given
Withheld

Given
Withheld

Given
Withheld

Canada

149
47

48
19

33
8

304

Employed in

U.S.A.

33
22

41
29

6
1

132

Tok

182

6£

8Í

4Í

3Í
c

43f

Summary G. Percentage earning more than $7000 per annum

Bachelors and Masters Doctors Total

Canada U.S. Canada U.S. Canada l



l;ir studios in other countries would be

helpful in showing whether this

Canadian experience was or was not

unusual.

Fcmale applícants

Of the 60 women in the snrvey,

52 have icpoited information. Of
tliese 52 applicants 21 or 40%
attained the Ph.D. degree. Exclnding

nine who were still studying for a

higher degiee, one obtains the dis-

tribntion in Summary B, which can

be conipared to Summary A where
male and female were grouped to-

gether.

Proportionately there were nearly

tw ice as many women as men still

studying for a higher degree. We note

also that 51% of the women who have
completed their studies have not at-

tained the Ph.D. levei as compared to

38^ for men. This is to be expected

as marriage has delayed or changed
the plans of many women.

How far you go
depends on where you begin

Excluding those who were still

studying at 1 July, 1957 (82), it is

found that, among graduates of

various Canadian universities who
have applied for N.R.C, scholarships,

there are highly significant diver-

gences from the over-all proportion of

Industry Canadian Universities

U.S. Canada Government U.S. Canada
^ $ $ $ ~$

Engineers 9,500 8,042 6,950 — 5,875
Physicists 10,000 7,417 6,750 6,583 5,900
Chemists 9,313 7,464 6,786 5,583 5,208
Mathematicians — — — 6,375 5,500
Life scientists 8,000 — 6,327 5,750 5,8.50

Median Salaries by Subject of Degree and Field of Employmeiit

No. who migrated to

Region of B.Sc.
degree No.

Western Provinces 147
Central Provinces 244
Maritime Provinces .... 34

Totais 425

Outside Canada 11

436

other regions

in Canada

57
25
13

95

4

U.S.A.

53
59
13

125

7

%
who have
migrated

75
34
77

52

No. gained from
other regions

in Canada

18
67
10

95

Geographíc Migration of Applicants Holding a Ph.D. Degree

Ph.D.'s. From Summary C the chi-

square of 21.04 obtained in testing

the homogeneity of ratios of Ph.D.s
to the number of applicants by re-

gion of B.Sc. degree, has a chance

probability of less than 0.01.

The percentage of Ph.D.'s was
highest amongst the graduates of

Table I. Distribution of Applicants and Award Winners by Region of Bachelor
Graduation

Region of
Bachelor graduation
Western Provinces

No. of applicants Per cent of % of population
Successful Applicants bi/ region

Total Successful applicants by region 1951 Cetisus

British Columbia . .

.

111 63 56.8 13.8 8.4
Alberta 64 38 59.4 8.0 6.8
Saskatchewan 72 44 61.1 8.9 6.0

Manitoba 71 33 46.8 8.9 5.5

Subtotal 318 178 56.0 39.6 26.7
Ontário

Western Ontário. . .

.

48 26 54.2
McMaster 38 17 44.7
Toronto 96 56 58.3

59 33 55.9
Other Ontário 6

Subtotal 247 132 53.4 30.7 32.8
Qy/'bec

McGiU 114 55 48.2
Montreal 30 14 46.7
Lavai 25 15 fiO.O

Other Quebec 7 3 42.9

Subtotal 176 87 49.4 21.9 28.9
Atlantic Provinces 63 35 55.6 7.8 11.6

TOTAL FOR CANADA 804 132 53.7 100.0 100.0
Graduates from

outside Canada. . . 31 15 48.4

Applicants who were
awarded R.C.O.
Scholarships 65 65

TOTAL 900 512 . 56.9

Toronto and McGill. The percentage

at the universities in the Western
Provinces and the Maritimes \^ as ver>-

close to the over-all percentage of

62%.

Number of years from
the B.Sc. to the Ph.D.

From Table II can be drawn the

following table which gi\es a dis-

tribution b\- the number of \ears

from the Bachelor"s to the Doctorate

degree. It is assumed that Bachelor

degrees are awarded at the end of

May and that as many Doctorate de-

grees are awarded in the first 6

months of the calendar year as in the

second 6 months so that the Doctorate

degrees are considered to be awarded
on 1 Jul\ of each calendar year.

.Vo. of
years from

B.Sc. to Ph.D.

.itmrded B.Sc. ín

1950 1951 TotiU

1.58—2.57
2.58—3. .57

3.58—4.57
4.58—5.57
5.58—6.57
6.58—7.57
7.58—8.57

36
54
35
30
18
8

26
52
39
26
18

1

22
44
44
24

1

84
150
118
80
36
8

Still studying 19 28 35
477

It is expected that a good percent-

age of those who were still stiid\ ing

will eventually receive a Ph.D. de-

gree. Therefoie. since this table is

open at the end, the median appears

to be the niost suitable measure of

the a\ erage number of \ ears required

for the dix-torate degiee. ^^'e find

that the median number of \ears

spent to earn a Ph.D. was 4.6 years

from the bachelor's degree.

Applicants who won at least one

scholarship needed an average of 4.5

74 THE ENGINEERING JOURNAL—MARCH. 1959



\ears to earn their Ph.D. The array

tollows:

No. of
years from

B.-Sc. to Ph.D.

1.58—2.57
2.58—3.57
3.58^.57
4.58—5.57
5.58—6.57
6.58—7.57
7.58—8..57

MiW studying

Sucressful applicants
awarded B.Sr. in

1949 1950 1961 Totais

28
41
22
21
9

21
39
24
20
7

1

20
31
32
16

17

1

69
111
78
57
16
2

334

Under existing regulations, a stu-

dent may receive a maximum of four

scholarships from the time he grad-

uates to the time he completes his

Ph.D. These scholarships cover the

academia term and they can be sup-

plemented by an additional amount
(luring the summer preceding and
dho following the academic term.

Therefore a student winning an award
immediately after obtaining his B.Sc.

may receive support for 4.3 years,

\\ hich should on the average be suf-

ficient time to complete his Ph.D.

On the other hand, unsuccessful

applicants took more time, on the

average, to complete their Ph.D.'s.

In fact, the median number of years

required by unsuccessful applicants

was 5.0, nearly 7 months longer than
successful applicants.

Year
of

Highest
Degree

Bachelors and Maslers Doclors

N.R.C.
Atvard —

Year of Bachelor graduation Year of Bachelor graduation

1949 1950 1951 1949 1950 1951

1949 Given
Withheld

6
18

1950 Given
Withheld

21
12

8
18

1951 Given
Withheld

16
16

23
21

7
22

1952 Given
Withheld

7
4

20
18

11

11

28
8

1953 Given
Withheld

2 6
7

22
18

41
13

21

5

1

1954 Given
Withheld

1

2
1

9
2
8

22
13

39
13

20
2

1955 Given
Withheld 3 5

2
8

21

9
24
15

31
13

1956 Given
Withheld 2

2
2

1

4
9
9

20
6

32
\z

1957 Given
Withheld

1

2
2
6

7
11

16
8

TOTALS Given
Withheld

53
57

60
80

46
73

123
58

111

50
100
35

Grand Totals 369 477

Table II. Reporting Applicants Classified by Highest Degree as at 1 July, 1957

No. of Unsuccessful applicants
years from awarded B.Sc. in

B.Sc. to Ph.D. 1949 1960 1951 Totals

1.58—2.-57

2..58—3.57 8 5 2 15
3..58—4..57 13 13 13 39
4..58—5..57 13 15 12 40
5.58—6.-57 9 6 8 23
6.58—7.57 9 11 20
7.58—8.57 6 6

143
Still studying 5 19 18

Female Ph.D.'s

Twenty-one women have reported

a Ph.D. degree. The median number
of years which they required to com-
plete the Ph.D. degree was 5.6, a full

year more than men.

Following is a table of central

Table IIJA. Distribution of Successful and Unsuccessful Applicants by Subject
of Highest Degree and Field of Employment

Bachelors and Masters

Employed in

values computed from the above In-

formation.

Average No. of Years from B.Sc.
to Ph.D.

Mean Median Mode*

4.6 4.5 4.1

4.8 4.6 4.1
5.2 5.0 5.1

5.3 5.6 6.1

Subjecl of
highesl

degree

N.R.C.
Award

Canada U.S.A.
Other Total

Ind. Govl. Univ. Ind. Govl. Univ.

Chemistry Given
Withheld

12

18
7

11

4
3 1

7
15

30
48

Life

Sciences
Given
Withheld

1

2
13

18
3

7

1

2
20
24

38
53

Physics Given
Withheld

6
11

11

13
1

2
7

2
2 11

11

38
39

Engineering and
Applied Sciences

Given
Withheld

16

32
9
8

1

3

2
4 1

15
9

43
57

Mathematics
and Statistics

Given
Withheld

3
3

3
3

1

3
3
4

10
13

Totals Given
Withheld

38
66

43
53

6
15

13
9

3
4

56
63

159
210

Grand Totals 104 96 21 22 7 119 369

Group

Scholarship winners
A\\ applicants

Women applicants

* Central value of class with the highest frequeney

SUBJECT OF HIGHEST DEGREE
Table III gives a distribution of the

846 reporting applicants, classified by
subject of highest degree, and by field

of employment.

These 846 applicants were divided

up as follows:

Subject of highest degree No. %
Chemistry 234 28
Life Sciences 231 27
Physics 171 20
Engineering & Applied sciences 168 20
Mathematics & Statistics 42 õ

846 100

At 1 July, 1957, 56% of the re-

porting applicants had obtained a

Ph.D. degree. In chemistry the per-

centage was 67%, compared with 61%
in life sciences, 55% in ph\sics, 45%
in mathematics, and only 40% in en-

gineering and applied sciences.

Of those who had not reached the

Ph.D. levei, 43% were successful in
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\\ iiining at loast one scholai ship. For
tMch suhject of degree the percentage

of award winiiers was about the same
as this overall percentage of 43. In

fact a comparison by fields showed a

chi-square of 1.98 and the chance

proliahility of obtaining this figure is

higher thau 0.70.

Hdwever, the situation is different

for those who have a Ph.D. degree.

In this case a chi-square of 17.95 was
found. The chance probabiHty of ob-

taining this number is about 0.001.

For Pli.D.s, there are, therefore,

highiy significant over-all divergences

in the percentages of award winners

in the various fields of specialization.

The over-all percentage of Ph.D.'s

who were successful in winning at

least one scholarship was 70%. In

chemistry it was 72%, in engineering

and applied sciences 71%, and in

mathematics 74%. In physics, how-
ever, the percentage was 83% whereas
it was only 58% in the life sciences.

Physicists received significantíy more
scholarships; students of the life

sciences received significantíy fewer.

Female applicants

Of the 52 female reporting appli-

cants, 62% were in the life sciences

and 24% in chemistry.

Employed in

Subject of Canada U.S.A.
highcst N RC Other Total

degree Award Ind. Govt. Univ. Ind. Govt. Univ.

Chemistry Given 31 20 17 26 1 g 10 113
Withheld 7 6 3 18 1 5 3 43

Life GivGii 2 22 30 6 16 81
sciences Withheld 17 10 4 1 9 18 59

Physics GivGn g 30 21 9 10 2 78
Withheld 2 3 5 5 — 1 16

Engineering âxid Given 17 14 4 7 1 5 48
AppHed sciences Withheld 6 3 5 3 — 2 1 20

Mathematics Given 3 1 4 1 14
and Statistics Withheld 2 2 1 5

TOTALS Given 56 89 77 49 1 28 34 334
Withheld 17 29 25 30 2 18 22 143

Grand Totals 73 118 102 79 3 46 56 477

Table IIIB. Doctors

UNIVERSITY GRANTING PH.D.
AND SUBJECT OF PH.D.

Table IV gives a distribution of

Ph.D.'s by subject of Ph.D. degree

and university granting Ph.D.

One observes at once the progress

accomplished by the graduate schools

of Canadian universities; 58% of the

Table IV. Reporting Applicants Classified by Universitv of Ph.D. and Subject
of Ph.D.

University Engineering Math.
of Life and and Total

Ph.D. Chemistry Physics sciences Applied sc. Stat.

Canada
U.B.C 1 12 6 1 1 21
Other West 8 3 13 — — 24
Toronto 18 18 18 17 3 74
Other Ont 5 11 18 3—37
McGill 41 14 25 10 2 92
Mont. and Lavai.13 3 3 2 — 21
New Brunswick ... 9 — — — — 9

95 61 83 33 6 278
U.S.A.

Wi.scí)nsin 1 1 7 6 — 15
M.l.T 4 5 — 3 — 12
Cornell 3 — 7 1 — 11
Illinois 6 3 1 — — 10
Princeton 1 2 — 3 2 8
Califórnia 2 2 2 1 1 8
Harvard 4 — 1 — 2 7
Michigan — — 5 1 1 7
Minnesota 1 — 5 1 — 7
Yale — 3 2 1 — 6
Other U.S.A 22 5 8 6 3 54

44 21 48 23 9 145
U.K.
Cambridge 9 3 2 — 2 16
London 3 1 4 5 — 13
Birmingham — 2 — 4 — 6
Oxford 3 2 1 — — 6
Other U.K 2 4 2 3 1 12

Amsterdam — — — — 1 1

17 12 9 12 4 54

Gra.si) Total,s 156 94 140 68 19 477

Ph.D.s were given in Canada, 30%

in the U.S., and 11% in the U.K.

A comparison by subject of degree

and country awarding degree re-

vealed a chi-square of 16.49. the

chance probabilit>' of which is less

than 0.05. There are therefore sig-

nificant divergences from the above

over-all percentages. Proportionately

fewer people earned Canadian Ph.D.'s

in mathematics and engineering. They
preferred American universities in

mathematics and U.K. universities in

engineering. Ou the other hand, pro-

portionateK' more people took Cana-

dian Ph.D.'s in ph\sics and fewer

went to the U.S. Also, proportionately

more people eamed American Ph.D.'s

in the life sciences with proportion-

ately fewer going to the U.K.

One third of the 278 Ph.D. degrees

taken in Canada were awarded by

McGill University. and 27% by the

University of Toronto. If we exclude

these two universities we find that

the American universities have

awarded more Ph.D s than ali the re-

maining Canadian universities.

The fa\'ourite American universities

are Wisconsin. M.I.T.. Cornell. and

Illinois. One third of the 145 Ph.D. s

taken in the U.S. were awarded b>

these uni\ersities.

More than half of the 53 Ph.D.'s

awarded in the U.K. were from Cam-
bridge and London Uni\-ersit>-.

Following are the universities which

awarded the largest percentage of de-

grees for each subject of degree:

In the field of chemistry, 26% of

the Ph.Ds were taken at McGill. 12%

at Toronto. 6% at New Brunswick, and

6% at Cambridge.

In ph\sics, Toronto accounted for
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19% of the Ph.D.s; McGill, 15%; Brit-

ish Columbia, 13%; and M.I.T., 5%.

In life Sciences, 18% of the Ph.D.'s

were awarded by McGill, 13% by
Toronto, 5% by Wisconsin, and 5%
by Comell.

In engineering and applied

Sciences, 25% of the Ph.D.'s were
taken at Toronto, 15% at McGill, 9%
at Wisconsin, and 7% at London Uni-

versity.

In mathematics and statistics,

Toronto awarded three of the 19

Ph.D.s; and McGill, Princeton, Har-

vard, and Cambridge awarded two
each.

COUNTRY AND FIELD OF
EMPLOYMENT

Tuming back to Table III, the 175

reporting applicants who are not class-

ified as "employed" in Canada or the

U.S. were divided as follows:

Ma.iters
and Doctors

Bachelurs

Studying science 82
Postdoctorate Fellows in Over-

16
Medical Residents and Interns. . 12
Postdoctorate Fellows in Govt.

6
Self-employed 10 6
Employed overseas 7 3
Housewives 10 3

4 8
Deeeased 6 2

119 56

CANADA U.S.
University Total

of Ph.D. Ind. Govt. Univ. Ind. Govt. Univ. Pk.D.'s

Canada
McGill 20 18 19 17 1 4 79
Toronto 18 22 15 7 O 5 67
British Columbia.1 6 8 2 O 1 18
New Brunswick ... 3 1 O 3 O 2 9
Other Western .... 2 11 4 2 1 1 21

Other Ontário 2 12 10 3 O 2 29
Mont. and Lavai .3 6 7 1 O O 17

Total 49 76 63 35 2 15 240
United States

Wisconsin 4 7 2 1 14

M.I.T 2 O 2 4 O 4 12

Cornell O 2 1 6 O 1 10
Illinois 2 O 1 5 O 2 10
Princeton 1 1 2 2 2 8
Califórnia O 2 3 1 O 2 8
Harvard 2 2 1 2 7
Michigan 12 10 3 7
Minnesota 1 1 2 2 6
Yale 2 2 2 6
Other U.S 6 6 8 18 1 7 46

Total 18 22 25 40 1 28 134

United Kingdom
Cambridge 1 4 6 2 O O 13
London 3 8 1 O O 1 13
Birmingham 2 2 1 1 6
Oxford 2 3 5
Other U.K O 4 4 1 O O 9

Amsterdam O O O O O 1 1

Total 6 20 14 4 O 3 47

Grand Total 73 118 102 79 3 46 421

Table V. Reporting Applicants Classifíed by Lniversity of Ph.D. and Field
of Employment

Of those who had not reached the

Ph.D. levei and who were employed
at 1 July, 1957, only 12% have taken

iip positions in the U.S. In Canada
and the U.S., 51% were employed in

industry, 38% in the Canadian govern-

ment (Federal, Provincial, or Muni-
cipal) and only 11% in universities and
other educational institutions.

The situation is quite different for

those who attained the Ph.D. degree.

Nearly one-third (30%) were em-
ployed in the U.S. In Canada and the

U.S., 36% were in industry, 29% in the

government, and 35% in universities.

We must keep in mind that this dis-

tribution amongst industry, govern-

ment, and university applies to a very

special group of people — those who
attained the Ph.D. degrees. It is very

interesting to look at the distribution

of ali graduates of science and en-

gineering of a given year. In 1957 the

Department of Labour queried 2563
science and engineering graduates of

1954 and received replies from 1706
of them. Of these, 1425 were working
and most of the rest were still study-

ing. The distribution was 76% in in-

dustry, 17% in government, and 7% in

universities and educational fields.

Summary D shows at once the dif-

ference brought about by the intent

to study.

The study shows that the more
postgraduate studying done, the more
likely one is to end up teaching. The
better education one has, the more
one will seek interest in work, and
the less importance one will attach to

salary.

Although 41% of the employed ap-

plicants who have not attained the

Ph.D. levei have won awards, only

29% of those employed in Canadian
universities were scholarship winners.

On the other hand, 59% of the non-

Ph.D.'s employed in American indus-

try were scholarship winners.

Of the Ph.D.'s employed in Can-

ada, 76% were scholarship winners

compared to 61% for those employed
in the U.S. This lower percentage of

N.R.C, scholarship winners employed
in the U.S. may be explained by the

number of unsuccessful applicants ob-

taining support afterwards from U.S.

universities. As Summary F shows,

60% of the unsuccessful applicants

taking a Ph.D. in the U.S. have not

returned to Canada. Also, the higher

percentage of N.R.C. Scholarship win-

ners employed in Canada may in-

dicate a slight preference for N.R.C,

awardees. Perhaps N.R.C, awards
mean more in Canada.

COUNTRY AND FIELD OF
EMPLOYMENT BY SUBJECT OF

HIGHEST DEGREE
Again from Table III, a chi-square

analysis of successful and unsuccess-

ful scholarship applicants who eamed
a Ph.D. degree, by country of employ-
ment and subject of degree, shows
highly significant over-all divergences:

60% of the unsuccessful applicants in

chemistry were employed in the

United States as compared with the

over-all percentage of 30%. On the

other hand, only 17% of the successful

applicants in the life sciences were
employed in the United States.

It appears that Canada loses pro-

portionately more Ph.D.s in chemis-

try than in any other field. Industry is

responsible for this loss. In fact, in

each of the fields of chemistry.

physics, and life sciences there were
more people employed in American
industry than in Canadian industry.

It has been seen that 36% of the

employed Ph.D.'s were in industr>',

29% in the government, and 35% in

universities. However, for each sub-

ject of degree there are highly sig-

nificant divergences from these over-

all percentages.

Summary E shows the percentage
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of Ph.D.s in each field of employ-

ment by subject of degree.

As sho\\n in Summary E. 57% of

the cheinists and 53% of the engineers

were in industry, while 51% of the

life scientists weie eniployed in uni-

versities. On the other hand, only 11%

of the hfe scientists weie in industry

and 19% of the engineers were in uni-

versities.

In other words, if one has a Ph.D.

in chemistry or in engineering and

apphed sciences, chances are he will

work in industry. If one is a hfe

scientist or a mathematician, more

than 50% of the time he will be em-

ployed in a university. As for physi-

cists, in comparison to the over-all

percentage, slightly more people were

employed in the government and uni-

versities than in industry.

COUNTRY AND FIELD OF
EMPLOYMENT BY UNIVERSITY

GRANTING PH.D.

Table V shows that 70% of the

"employed" Ph.D.'s were located in

Canada. Divergences from this over-

all percentage are found when looking

at the country granting the Ph.D. de-

gree. In fact 78% of those who re-

ceived their Ph.D. in Canada were

located in Canada, whereas only 49%

of those who studied in the U.S. have

come back to Canada. Of the 46

people who received their Ph.D. de-

gree in the U.K., 87% have retumed

to Canada.

There are no significant differences

in the proportion of those who re-

mained in Canada amongst the

Ph.D.'s from the various Canadian

universities. However, of the nine

Ph.D.s given at the University of

New Brunswick only four remained

in Canada, while 16 of the 17 Ph.D.'s

from Lavai and Montreal universities

were located in Canada.

Not quite a third of the Ph.D.'s

from M.I.T., Cornell, or Illinois re-

tumed to Canada. However, 13 of

the 14 Ph.D. s from Wisconsin came
back.

The Ph.D.'s from Canadian univer-

sities were nearly equally divided

amongst industry, government, and

Table VI. Distribution of 667 Reporting Applicants Classified by Highest
Degree, Field of Employment, and Salary Range as at 1 July, 1957

Bachelors and Masters Doctors

employed in employed in

Salary Canada U.S.A. Canada U.S.A.

per annum N.R.C, awards N.R.C, awards N.R.C, awards X.R.C, atvards

With- With- With- With-
Given held Given held Given held Given held

Industry
10000 and above. ... 1 1 2 4 3 3 15 8
9000—9999 2 4 3 1 2 2 16 8
8000—8999 9 6 3 3 11 4 12 11

7000—7999 11 22 3 1 29 6 5 2
6000—6999 10 19 1 — 8 1 1 —
5000—5999 4 11 — — — 1 — 1

Below 5000 1 3 1 — 1 — — —

Total 38 66 13 9 54** 17 49 30
Government

10000 and above. ... — 2 — — — 1

9000—9999 1 — — — — —
8000—8999 1 2 2 — 1 1

7000—7999 9 7 20 6 — —
6000—6999 19 17 57 18 — —
5000—5999 11 17 10 5 — —
Below 5000 2 8 — — — —
Total 43 53 89 29 1 2

l 'niversily

10000 and above. ...— — — — — — — —
9000—9999 ________
8000—8999 _ _ _ _ 2 1 1 —
7000—7999 — — — 25243
6000—6999 1 1 — 1 21 5 12 3
5000—5999 3 10 — — 28 11 7 5

Below 5000 2 4 3 1' 20 5 4 7

Total 6 15 3 4 76* 24* 28 18

Grand Total 87 134 16 13 219 70 78 50

** Exoludes 2 who did not report their salary.
* Excludes 1 who did not report his salary.

universities, but there are significant

divergences from this over-all dis-

tribution. Considering the following

four groups of universities: Western
Canadian universities, McGill and
Toronto, other Ontário universities,

and other Quebec universities plus

New Brunswick, we obtain a chi-

square of 13.65 the chance prob-

ability of which is less than 0.05.

Proportionately fewer Ph.D.'s from
Western Canadian universities have
entered industry and more have

taken government positions. The same
is true, to a lesser extent, of Ph.D.'s

from Ontário universities (excluding

University of Toronto). Propor-

tionately more Toronto and McGill

Ph.D.'s have accepted positions in in-

dustry and fewer were emplo\"ed b\

the government. This is to be ex-

pected. since it is well known that

industries concentrate their recruiting

program on the two largest Eastem
universities. The distribution of

Ph.D.s from New Brunswick and

Quebec universities (excluding Mc-
Cill) was close to the over-all distribu-

tion.

Of those who have received the

Ph.D. from American universities, 43%
were employed in industry. 40% were
in universities, and onl\- 17% were in

the government, largeK" because a

higher percentage of this group was
employed in the U.S., and Canadian

citizens are excluded from American
government posts.

Of the Ph.D.'s from the U.K., 43%
\\ ere working in the gox ernment, 35%
were in universities, and 22% in in-

dustry.

INFLUENCE OF N.R.C. A\V.\RDS
ON LOCATION OF PH.D. S

Summary F shows the distribution

of award winners and unsuccessfiil

applicants by country of emplo\inent

and by country in which the Ph.D.

degree \%as taken.

Nearly three-quarters of the schol-

arship winners in Summar\- F were

located in Canada. The percentage

was 82% for those who took their

Ph.D. in Canada, 85% for those who
went to the U.K., and only 54% for

those who studied in the U.S.

On the other hand, 58% of the un-

successful applicants who earned a

Ph.D. were located in Canada. The
percentage was 68% for those who
received their Ph.D. in Canada, and

onlv 40% for thsse who went to the

U.S.

It appears that N.R.C, awards ha\e

a marked influence both in retaining

Ph.D. s in the country and in their
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return to Canada after study in the

U.S. Country Field

No. of Lmver Upper
Ph.D.'s quarlile Median quartile

Canada Industry ....

Government
University

(a) AU Ph.D.'n
71

118
100

7161
6269
5000

7625
6677
5696

8330
6974
6367

U.S.A.
Total

Industry ....

Government
University

289
79
3

46

5882
8410

5042

6642
9268

6000

7348
10125

6650

TOTAI 128 6400 8333 9600

Canada Industry ....

Government
University

(6) Scholarship winners
54
89
76

7150
6322
4967

7607
6744
5688

8139
6997
6375

U.S.A.
Total

Industry ....

Government
University. . ,

219
49

1

28

5915
8521

5375

6659
9406

61.88

7356
10153

6750

Total 78 6550 8375 9719

Canada Industry ....

Government
University,

.

(r) Unsuccessful appUcants
17 7188

. . 29 6141
24 5125

8125
6575
5714

9188
6938
6333

U.S.A.
Total

Government

.

University. . ,

70
30
2

18

5813
8321

4750

6577
9083

5500

7325
10063

6375

Total 50 5917 8286 9375

Table VII (A). Salary Quartiles of Reporting Applicants by Field of Employment

MIGRATION OF APPLICANTS

Of the applicants who attained the

Ph.D. degree more than half were
located in other regions than those in

which they obtained their Bachelor's

degree.

The highest percentage of migra-

tion of Ph.D.'s from region of Bach-

elor's degree was at the University of

New Brunswick, 100%; Dalhousie,

82%; and British Columbia, 82%. On
the other hand the lowest percentages

were found at universities in Quebec:
Lavai, 0%; Montreal, 18%; and McGill,

33%.

Nearly two thirds of those who ob-

tained their B.Sc. degree outside

Canada and who have a Ph.D. de-

gree have gone to the U.S. as com-
pared to 29% for graduates of Cana-
dian universities.

Of those who have not attained

the Ph.D. levei, only one third have
migrated from the regions in which
they graduated.

SALARIES

Of the 846 reporting applicants,

175 were not in regular employment
(students, self-employed, overseas

vvorkers, housewíves, etc.) and 671
were employed in either Canada or

in the United States. Four of those

employed failed to report salary, leav-

ing 667 people on which to base a

salary study.

Computing from Table VI, the per-

centage of applicants earning more
than $7000 per annum is shown in

Summary G.

In Canada, the gap between
salaries in government and those in

industry is apparent; it is much larger

for Ph.D.'s than for masters or bache-

lors. Of course, Canadian citizens are

not employed in American govern-

ment posts but a comparison with

American salary studies^ shows that

the spread between industry and gov-
ernment is greater in the U.S.A. than

it is in Canada.

Canadian university salaries were
much below salaries in the govern-

ment and industry. Nearly one
quarter of the Ph.D.'s employed in

universities were earning less than

$5000. The situation is reversed in

Rússia where a professional chair in

a university carries the highest re-

muneration in the state.

Of the 667 reporting applicants, 40
had an income in excess of $10,000
and only 10 of them were employed
in Canada.

The remainder of this section deals

only with salaries of Ph.D.s and it is

important to remember that, on the

average, these people obtained their

Ph.D. degree only 2)2 years ago. Table

VII gives salaries for the 417 Ph.D.'s

by country and field of employment.

As shown in Table VII (a), the

median salary of Ph.D.'s employed in

Canada was $6642. The median
salary in industry was about $1000
higher than that in the government,

which in turn was approximately

$1000 higher than in the universities.

^

In the U.S.A., the median salary of

Ph.D.s was $8333, with industry

more than $3000 higher than the

imiversities. The difference between
the median salary in American and
Canadian industry was about $1600,

while the difference between Ameri-

can and Canadian universities was
only $400. In American industry, 25%
of the Ph.D.'s were earning more than

$10,125 per annum.

1 1957. National Survey of Professional
Scientific Salaries. Los Alamos
Scientific Laboratory of the Uni-
versity of Califórnia, Los Alamos,
New México.

2 These findings are in close agreement
with the 1957 Survey of Professional
Salaries for Engineers and Scientists. a
confidential report published by the
Division of Administration and Awards
of the National Research Council.

Table VII (a) also shows that for

those employed in Canada there was
no significant difference in salary be-

tween scholarship winners and un-

successful applicants. Scholarship win-

ners working in the United States had
a slight advantage over the unsuc-

cessful applicants.

Table VII (b) shows that the best

paid Ph.D.'s were the engineers, fol-

lowed by the chemists and physicists.

The median salary of engineers em-
ployed in Canada was $7281 com-
pared to $9313 in the U.S. For chem-
ists, the figures were $6926 and

$8750, for physicists $6667 and

$8250, and for life scientists $6143
and $6625. The discrepancies be-

tween disciplines are accounted for to

a great extent by the percentages em-
ployed in industry. As Summary E
shows, more than half of the engi-

neers and chemists were in industry,

while only one quarter of the physi-

cists were so employed.

In Canadian industry, problems of

supply and demand have resulted in

salaries for the engineers being some
distance ahead of those for chemists

and physicists. Goveniment salaries

were more nearly equalized, but the

salaries of life scientists were con-

siderably below the others. In Cana-
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diaii iiMÍ\ersities, salaries weie also

nearly the saine but this time the

salaries of cheniists were considerably

l)elo\v.

In American indnstry the median
sulary for Ph.D.'s in physics was
somewhat higher than those of en-

gineers and chemists, while the life

scientists were at the bottom. In

American universities, the physicists

and the mathematicians were the

highest paid and, as in Canadian uni-

versities. the chemists were the

lowest.

The median salary of life scientists

Counlry Field

in Canadian universities ($5850) was
higher than in American universities

($5750); this is the only instance of a

higher median in Canada than in the

U.S.

DISCUSSION

The present study was exploratory.

It raises many more questions than ít

answers, so it may perhaps be re-

garded as successful in its simple aim
of probing what happened to our

scholarship applicants, whether they

obtained an award or not. A much
more sophisticated study would be

No. of Lmoer Upper
Ph.D.'s qumtile Median quartile

required to find out why these things

happened.

Even so, it is evident that salary

levei, while important, is not the only

consideration, nor even the principal

factor in the complex decisions that

these people have made. Canadian
government pays its Ph.D.s at a

higher rate than the universities, and
Canadian industry in tum pays a good
deal better than the government. Yet

the Ph.D.'s in question have distrib-

uted themselves about equalh- over

these three fields of employment. The
U.S.A. pays a good deal more money
to people of this class than we do,

yet more than two thirds of them
preferred to work in Canada, instead

of the other wa>- about.

For so valuable a natural resource

as young Ph.D.'s, any a\'oidable loss

is serious, and merits study. But the

view that this is a simple matter of

supply and demand, and easy to

manipulate by the device of raising

salaries, is not supported by the

present work. Gaps of several thou-

sands of dollars will not always, nor

even usually. prevent a good man
from stud>"ing what he wants to stud>',

working where he wants to work, or

living where he wants to live. This

is probably a very good thing, and

one should perhaps be thankful that

salary inequalities of this order have

not succeeded in distorting the na-

tural pattem. If our young scientists

were influenced solely by money, they

would ali be engineers, happily at

work in the industries of the U.S.A.

We must keep in mind, howe\er,

that Ph.D.'s in this sur\ey have just

begun their careers. Presumably they

have chosen their field of emploxinent

after having determined where they

would find the most interest in their

w ork. However. later on in life, when
they have experienced more the prob-

lems of supporting a famil\- and main-

taining their rank in a society where

a lot of importance is attached to

material well-being, several may s.ic-

rifice. to some extent. their interest,

which was their primary motive, for

more lucrati\e emplo\inent. It would

not be surprising to find that in 10

\ ears from now the pattem which was

established at the start will ha\e

changed considerably and that salar\

will have been an important factor in

explaining this change. Certainly in-

terests ma>- not have been genuine at

first or ma\ change later on. How-
ever, Ph.D."s have spent a gcxxi num-
ber of years studying and it is reason-

able to assume that. in most cases,

their interests would be genuine b\

the time the\ rcach the stage of em-

ployment.

(a) Chemists
Canada Industry 38 7125

Government 26 6554
University 19 4775

Total 83 5982
U.S.A. Industry 44 8400

Government 2 —
University 13 4875

Total 59 7938

(6) Physicists

Canada Industry 7 7125
Government 33 6507
University 26 5188

Total 66 6068
U.S.A. Industry , 14 8688

Government — —
University 11 6125

Total 25 6708

(<•) Life scientists

Canada Industry 1 —
Government 39 5931
University 40 5000

Total 80 5632
U.S.A. Industry 10 7583

Government 1 —
University 14 5083

Total 25 5406

(d) Engineers and Geologists

Canada Industry 23 " 7292
Government 17 6525
University 9 5125

Total 49 6516
U.S.A. Industry 10 9188

Government — —
University 3 —
Total 13 8125

(e) Mathematicians
Canada Industry 2 —

Government 3 —
University. . 6 5125

Total 11 5438
U.S.A. Industry 1 —

Government — —
University 5 6063

Total 6 6125

7464
6786
5208

6926
9313

5583

8750

7417
6750
5900

6667
10000

6583

8250

6327
5850

6143
8000

5750

6625

8042
6950
5875

7281
9500

4875

9313

6375
5500

6250

6375

6500

7972
7083
5625

7548
10000

6188

9766

10125
6993
6750

7208
10438

7063

10054

6702
6438

6632
8875

6417

7958

8625
7469
6875

7986
10250

10125

6250

7063

6875

7250

Tahle VII (B). Salary Quartiles of Keporting Applicants by Subject of Highest
Degree and Field of Employment
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DISCUSSION

of Technical Papers and Other Articles

Soil and Foundation Problems of the St. Lawrence Seaway Project

F. L. Pedcover, m.e.i.c. and T. G. Tustin, Jr. e.i.c.

Soil Engineering Sectton, The St. Lawrence Seaway Atithority, Montreal.

The Engineering Journal, 1958, Sept., p. 69

Carl B. Crawford, m.e.i.c.""

In view of the extensive use of soil

inechanics principies in problems of

design and construction of the St.

Lawrence Seaway it is gratifying to

see that these experiences are to be

shared with the engineering profes-

sion. The authors have done an excel-

lent job of compressing the high-

lights of their experiences into f;uch

a short paper. In doing this they

have undoubtedly had to be ruthless

in the elimination of detail.

One important practical problein

which arises frequently in winter

construction work involves the plac-

ing and compaction of soil during

cold weather. Perhaps the authors

would expand their comments to in-

clude details of this operation. Over
what total area was it possible to

work and at what rate was fill placed?

Was the surface frozen between
shifts and if so was the frozen mate-
rial removed? Were chemical addi-

tives used?

The evaluation of Standard Pene-

tration Tests is always of much
interest and details on their applica-

tion to the glacial till would be
valuable. One would imagine a great

variation in N depending on the size

and distribution of boulders. How
was the value corrected for silt con-

tent?

Perhaps it is not possible to do
more than generalize on the discovery

of water-bearing layers in dyke
foundations but field experiences

would be of general interest. Simi-

larly the construction procedures

adapted for cut-off trenches would
be useful. Was sheet piling used and
to what effect?

Supplementing the description of

settlement observations at the Seaway
it may be useful to report the de-

* Soil Mechanics Section, Division of
Building Research, National Research
Council, Ottawa.

velopment by the Division of Build-

ing Research of the National Re-
search Council of an electrical gauge
for measuring the compression of

pre-determined layers of the natural

soil beneath an embankment without

interfering with construction. Details

of construction are available from the

Division. A series of concrete pads,

placed on the natural ground surface

before filling and then subsequently

sounded by driving rods through the

fill, together with a set of the gauges
gives a complete picture of deforma-
tions at the base of the fill and
through the subsoil.

Work by D.B.R. with the Seaway
Authority and in other regions lias

illustrated the great value of the

field vane apparatus for assessing the

shearing strength of Leda clay. This

device should however be used with

caution. It performs in the field an
imdrained or quick-type shear test.

It is possible therefore when used in

a highly stratified or varied clay that

local movement of pore water may
occur completely changing the as-

sumed conditions. Furthermore the

results of vane tests should not be
applied to long term stability prob-

lems in heavily over-consolidated

clays since the assumption of no
drainage does not apply and errors

will be on the unsafe side.

It is hoped that the authors will

be encouraged to publish further de-

tails of their work especially in con-

nection with their experiences on
"glacial till".

The Authors

Placement and compaction of earth

fills in winter on St. Lawrence Sea-

way construction was only done
when unavoidable, and even then

such fills were not allowed to remain
in criticai structures. The total depth
of fill for dykes placed during freez-

ing weather in any location was not

usually more than 7 or 8 feet.

Provided they were compacted
satisfactorily in every respect before

freezing, fill layers which froze were
allowed to remain in place. Chemical

additives were not used. These would
have had to be mixed with the fill

material under heated conditions,

adding considerably to the cost of

the operation. References to their use

can be found in highway literature.

Fill placement was usually in strips

about 15 feet in width and approxi-

mately 150 to 200 feet in length, de-

pending on weather conditions and
the rate of placement. A typical

operation with glacial till for dyke

construction involved building each

strip to the desired elevation before

advancing to the next strip. In this

manner, the amount of freezing was
reduced to a minimum. The frozen

surface of each new strip was re-

moved before placement operations

were commenced. Considerable judg-

ment and experience are required to

ensure a satisfactory job.

The operation is believed feasible

only for fills for construction pur-

poses, or those which can be strength-

ened on the surface or left standing

for some months before use. Clay
fills may be placed and compacted
with less difficultv than granular

fills.

In the great majority of instances

the use of the standard penetration

test was to indicate the relative den-

sity of the soil and the consequent

difficulty to be expected in excava-

tion and handling. For example,

where scrapers were successfully used
for excavation, penetration values

were lower than where sho\els were
required.

There were indeed great variations

in penetration values in till, as Mr.
Crawford surmises. If a shaip in-

crease in the number of blows during
the test indicated a possible boulder,

the result was discarded. Where a

specific application of the test re-

sults was required, individual values
were never used. There were usualK-
a sufficient number of results avail-

able to plot against depth or even
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appK statistical aiiahsis, permitting

a c()iiser\ ati\ e estiniate of the average

coiidition of the deposit.

PenotiatioM \ahies weie corrected

to conipeiisato for the effect on the

penetiation losistance of the low

periiieahility of the till, due to its silt

conteiit. This proceduie is outHned in

Refeience (7) in the paper.

Practically ali of the Seaway dykes

were founded on glacial till, except

at Beauharnois where a low dyke

was built on marine clay. On till,

foundation soils and water conditions

were most effectively and economic-

ally investigated l)y test pits dug with

a backhoe. Deposits below the reach

of a large machine were usually con-

sidered as having a little influence on
dyke performance.

Water-bearing layers encountered

included coarse-grained alluvium in

the river bed, and lenses of pei"vious

material found within the till and
sometimes at the till-rock interface.

The alluvium, up to 4 feet in depth,

was stripped off foundation áreas be-

fore fill was placed. Pervious lenses in

the till were exceptionally met and
running sand was very rare. Cutoff
trenches were therefore easily exca-

vated under the impervious zone of

the dyke, sometimes in conjunction

with a deeper drainage ditch on the

side of the cutoff next to the cof-

ferdam. Cutoff trenches were back-
filled with compacted impervious fill.

Sheet piling was not used as a

cutoff in dyke construction. At Beau-
harnois, a small experimental instal-

(Continued from page 57)

duced to the basis of 1,000 sq. ft. of

both net and gross floor area. By
neglecting (F) entirely and taking the

total of (C) instead of the two sep-

arate buildings (A) and (B), the fa-

cilities provided in them become more
or less comparable. The average of

these six is shown to be 5.5 horse-

power per 1,000 sq. ft. net area, and
of the five for which gross áreas are

available, the average horsepower per

1,000 sq. ft. gross is 3.83. These fig-

ures appear to agree fairly closely

lation of sheet piling was made
through a thin layer of pervious till

overlying bedrock, but it was not ef-

fective in reducing seepage due to

the presence of boulders. A sheet pile

wall was driven to rock along the

existing power canal dyke, not to

eliminate seepage but to offer re-

sistance to piping which might de-

velop through the foundation.

The authors are interested to hear

of the development of special equip-

ment by the Division of Building

Research to observe the settlement of

fills. Along with equipment already

used to record the settlement of

structures, this should add signifi-

cantly to existing data on the settle-

ment problem. At the same time, it

is worth noting that simple field

levelling on fills and structures

throughout the course of a construc-

tion project can yield data which is

most useful in dealing with numerous

problems which cannot always be

foreseen.

The points made by Mr. Crawford

on the limitations of vane testing in

assessing the strength of clays are

well taken. The general remarks in

the paper on this test are intended

to apply only to the conditions in

which used.

The comments of Mr. Crawford,

who is engaged in the investigation

of many Canadian construction prob-

lems involving soils and foundations,

are appreciated, as is the opportunity

to give more details on the points of

interest which he raises.

with those quoted from United States

sources which range between 3V2 and
4 watts per square foot. Unfortunately,

whether or not the unit area quoted

is net or gross has not been indicated.

The figures given above are fair to

be used only in the vicinit>- of To-

ronto and Montreal áreas. When it is

considered that the variable portion

of the load as established earlier is

about 50% of the total, it will be

conceded that geographical location

and thence climate liave considerable

bearing on the horsepower required.

The operation of the air and water

handling or distribution equipment is

continuous throughout the year dur-

ing the time of day when the building

is occupied and the electrical load is

uniform. No diversity factor may be
applied to this load. However, the

ratio of brake to name-plate horse-

power runs about 90%.
The condenser water pumps and

cooling tower fans also operate con-

tinuously, but considerable fluctuation

in load will occur at the refrigeration

compressor, even from hour to hour.

Figures 4 and 5 indicate how the

dry-bulb temperatures ma\' var>' dur-

ing the day and also how the current

input to a compressor changes. The
charts cover two t>'pical \\'eeks in

July 1954. The wet bulb temperature

has a much greater effect on the load-

ing of the compressor than the dr>'

bulb temperature. This may be seen

particularly on the 21 st and 25th.

On the 21st at 2.00 p.m. outdoor

conditions were 79° DB, 72° WB,
whereas at 3.00 p.m. they were 76°

DB, 76° WB, the current input in-

creasing from 1245 to 1440 amp. On
the 25th a sharp rise in the wet bulb

temperature from 11.00 a.m. to 1.00

p.m. brought about a corresponding

sharp increase in current. These typi-

cal charts seem to indicate that it is

not possible to say at what time of

the day a peak electrical load will be

attained.

To summarize, a number of factors

contribute to the establishment of the

electrical requirements created by air

conditioning. Of the total, about 50%
is due to the internai load generated

by lights, business machines and oc-

cupants, the remainder arising from

solar and transmission gain and ven-

tilation of air. The total load is of the

order of 3.5 tons of refrigeration ef-

fect per 1,000 sq. ft. of net area at

design conditions.

At such a load the total installed

motor horsepower must be of the order

of 5.5 per 1,000 sq. ft. of net area or

3.85 per 1,000 sq. ft. of gross area.

Only by comparison ma\' figures

be made to seem impressive. When it

is considered that, prior to the advent

of the fully air conditioned building.

these same buildings would ha\ e been

heated and \entilated, at least to the

extent of toilet exhavist ventilation.

at the expense of certainly not more

than 0.5 h.p. per 1,000 sq. ft. of net

area, it may he appreciated that air

conditioning is having a \er\- great

effect on the electrical generation and

distribution sxstems throughout the

countr\

.

POWER REQUIREMENTS FOR

COMMERCIAL AIR CONDITIONING SYSTEMS
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INSTRUMENTATION
IN INDUSTRY

FOODS AND
CANADA'S FOODS and Bever-

ages industry is the Nation's

largest manufacturing industry. Sell-

ing value of its products at over $3.8

billion in 1956 represented 17.7 per

cent of the value of ali Canadian
manufactures, while value added by
manufacture amounted to 13.7 per

cent of ali manufacturing production.

In 1956 this industry employed 183,-

000 persons; cost of materiais used

totalled $2.47 billion, and value add-

ed by manufacture amounted to

$1.31 billion.

The leading industries of the foods

and beverage group, in order of value

of annual shipments, expressed in

millions of dollars, was as follows

in 1956; slaughtering and meat pack-
ing, 844.89; dairy products, 551.8;

miscellaneous foods, 334.67; bread
and bakery products, 306.8; the feeds

industry, 250.95; fruit and vegetable

preparations, 249.9; flour mills,

221.77; the brewing industry 215.9;

fish processing, 169.93; and the dis-

tilling industry, 144.4.

Ten-year Increases in

Foods Production per Employe

An analysis of statistics for the

entire Canadian food industry shows
that value added by manufacture
per employe in constant dollars had
increased in the case of some foods
during the decade prior to 1957, de-

spite wage increases which had al-

most doubled over the same period.

This reflects more efficiency in pro-

duction through mechanization and
improved methods. The proportion of

this increase in the value produced
per employe which can be attributed

to instrumentation and automation
can only be surmised.

An analysis for each industry with-
in the group shows gains during the

ten years for slaughtering and meat
packing; miscellaneous foods (mostly

tea, coffee); fruit and vegetables

preparations; and animal feeds. For
the dairy, bakery, flour and cereais,

BEVERAGES

confectionery and carbonated bever-

age industries there was little change

in value added per employe in con-

stant dollars, while for distilling, bis-

cuits, sugar, and fish processing the

value actually decreased.

Per Capita Food Expenditures

Retail food prices have been grow-

ing steadily over the past 10 years.

However, ali branches of the food in-

dustry have succeeded in minimizing

higher costs through greater produc-

tivity. In 1955 the proportion of in-

come spent on food ranged between
37.3 per cent for the lower income
group and 18.7 per cent for the

higher income group.

Food expenditures in 1947 in con-

stant dollars accounted to 28.7 per

cent of consumer spending on goods

and services. In 1957, with rising

incomes the percentage had declined

to 25.7 per cent. Yet per capita food

expenditures in constant dollars

showed a steady increase. Since per

capita food intake has not varied

much in the past decade, the higher

expenditure obviously is due largely

to special facilities and services pro-

vided by processors and packers.

Computers in the Food Industry

In outlining instrumentation devel-

opments and uses in the first two
articles of this series covering the

chemical manufacturing and the pulp

and paper industries, electronic com-
puters were mentioned. Reason for

this is that these industries deal

mainly with bulk commodities, with

a few large consumers and an estab-

lished pattern of transportation and
distribution which varies little from
month to month and year to year.

In Steel making, metal fabricating,

oil, motor-vehicles and in the Food
industry, however, there are a num-
ber of market áreas to be serviced,

many warehouses in which materiais

may be stored and a nuniber of fac-

tories in which products may be pro-

cessed. Here, the costs of transporta-

tion, storage, labor and raw materiais

in each of the different centres may
vary. The market conditions in each

centre may vary according to certain

patterns which can partly be pre-

dicted. The problem to be solved is

how to Schedule production and tran-

sportation to obtain a maximum re-

turn on the investment. This is an

'operations research' problem.

Computations and calculations re-

quired to correlate and vast number

of permutations and combinations

possible to achieve maximum effici-

ency soon exceed the ability of the

human brain equipped with a desk

calculator. Thus the computer takes

over. New concepts in management

and in operations procedures have

been developed. Expressions such as

'linear programing' and 'dynamic

programing' are conceived and are

developed to maturity by the com-

puter.

There are three new keys to prog-

ress that food company management

must try to tum. One is automatic

warehousing, not only to solve labor

and space, but also to improve cus-

tomer service. Another is automatic

data processing with electronic equip-

ment to achieve fast, close control of

sales and inventories. The third is

the electronic computer that solves

impossible problems. Properly mani-

pulated it can take a complex set of

facts and come up with slmple

answers to costly problems in pro-

cessing, marketing and shipping.

"Electric brain" time can now be

rented from major 'brain' manufac-

turers, at a cost of a few hundred

dollars per problem. In some of Can-

adas largest cities there are large

electronic computers installed by in-

dustries for their own work, such as

Canadian Pacific Railway in Mont-

real. These computers can be hired

on a time rental basis for solving

other companies' problems.

Beyond the more common prob-

lems for computers, such as payrolls,

paychecks, tracing freight cars, ac-

tuarial problems for insurance pur-

pose, etc. there are two somewhat
different problems involved in linear

programming—one is the transporta-

tion problem, while the other is the

general problem. The first of these

revolves around distribution route

scheduling, materiais handling, sales

area functions, crew scheduling, plant

location factors, raw materiais pro-

curement, and the like.

The other problem is more 'gen-

eral' than the transportation prob-

lem. Problems of this type involve
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ali phases of product Une, sales pro-

inotion, iiiachiiie selection, building

allocatioií. raw materiais purchasing,

process selection and labor use.

Electronic computers are now pin-

pointing best plant locations, pre-

calculating process and control per-

formance, handling accounting prob-

lems, forecasting sales and establish-

ing optimum distribution operations.

What Califórnia Packing
did with the Computer

Up to the minute facts on sales

movement and inventories are essen-

tial parts of strategy decisions to

counter unforeseen developments be-

fore they become cold statistics. Cali-

fórnia Packing, for example, a pioneer
in the use of electronic business Con-
trols has achieved unusual results in

this direction. Equipped with a per-

tinent sales analysis carried out by
an electronic computer, management
is able to have an overall concept
of what is happening; to exercise

closer control over inventories; to get
a quick picture of where sales are
headed; and to clear the desks of time-
consuming paper work.

Besides these reports on sales and
stock that executives receive each
Monday morning, the computer is

used to produce an inventory and
sales report for each variety, size and
package. It produces complete week-
ly rundowns on activities of each Cal-
pak broker; and a similar weekly
rundown for each buyer served by
each broker. Clearly, the computer's
major contributions to sales analysis

are in terms of scope and capacity.

Considering the amount of data that
can be digested and assembled into
useful information, no operating re-

port or statistic need be considered
so complex that it is impracticable
to compile it.

Automatic Control in Food Plants"

A prime factor in boosting food
plant productivity in America has
been the dramatic switch in the past
few years from manual supervision to

automatic control. Electro magnetic
monitors will operate through relays

to activate electric, pneumatic or hy-
draulic servo-mechanisms to perform
man-saving operations such as freezer
loading, and recently developed static

controls accomplish many functions
formerly requiring high-speed relays
with many multiple contacts.

X-ray levei detectors assure proper
Container fill, while photo-cells are

extensively used as "no-container-no-

•Reproduced in part from an article inFOOD ENGINEERING. August. 1958.

fill" devices, to monitor flow on con-

veyors. Through in-stream analysis,

process instrumentation is rapidly

achieving direct quálity control of

products right on the production line,

where it operates most efficiently and
economically. Control of process vari-

ables such as temperature, pH, pres-

sure and flow is now virtually stan-

dard practice in efficiently operated

food plants.

Continuous automatic control of

product quality factors is being

achieved by triple-acting instrument

systems that detect deviations from
pre-set quality standards; apply ín-

stantaneous corrections and record

results.

Density

Density of citrus concentrate is

controlled by in-line refractory sys-

tems. Combining optical and elec-

tronic operation, they analyze the

process steam 480 times per second
in controlling and recording the

blending of evaporation output and
the required cutback juice.

Camma-ray Transmission

Gamma-ray transmission is being
used to control density of liquids.

slurries, granules and powders. An-
other radiation device for use with

small diameter pipes employs a

source and detecting cell. Output
signals can actuate valves, pumps or

waters in a closed loop control sys-

tem.

Viscosity

Consistency of apple-sauce is con-

tinuously controlled by a unit em-
ploying a hydraulically balanced

flow bridge. This system is also ap-

plicable to baby-foods, tomato prod-

ucts and com in cream style.

Better viscosity is being moni-
tored in-stream by a spinning-bob

viscosimeter that regulates addition of

the dry and liquid ingredients to a

blender.

Moisture

Moisture in free-flowing solids is

controlled by an instrument operating

on the capacitance-bridge principie.

Another electronically controlled con-

veyor line unit measures and records

moisture in cereais and baked goods,

nnaffected by variations in frequencx

or voltage. Nuclear-magnetic reson-

ance of hydrogen atoms in water

offers promise as an in-stream-control

property.

Other Controls

Hydrogen's absorption of radio-

frequency energy under controlled

conditions give a 30-second moisture

analysis. Infra-red spectrography is

also a powerful tool for rapid identi-

fication and measurement of organic

matter. Direct control of product

quality is offered by a new unit that

performs actual chemical analysis on
the production line for sugars, pro-

tein, vitamins, salts and metais. X-

rays are being used to regulate thick-

ness of extruded materiais such as

dough. Rays do not contaminate the

product or alter food values.

Particle size control is a unique

application of a new in-stream instru-

ment that charts size-frequency data

for monitoring the operation of the

size-reduction equipment. Instrument

operation is based on difference in

conductivity between particles and
a fluid susjjension médium.

Various Applications of

Instrumentation

In an Ice Cream Plant: In a large

U.S. ice cream plant an automatic

bnndler accumulates two half-gallon

packages as they are conve\ed from
filler-wraps, and seals them in kraft

paper. Then a coder imprints fla\ors

on three sides. Sealed packages are

conveyed to a freezing tunnel.

Actuated by electric motors and
hydraulic devices, a new automatic

pallet unloader automatically dis-

charges cases to a conveyor at 25 30
per minute. It employs panel-

mounted controls to regulate oper-

ating sequence:

Full pallets deposited at the load-

ing station by lift truck are advanced
to a dispersing table where a clamp
holds ali but the bottom tier. Bot-

tom cases can move to discharge

conveyor in simple file until ali cases

are unloaded. Empty pallets are

automatically slacked.

A versatile liquid meter equipped
with a 'memory' offers flexibilitv in

quality control with less operator

attention. Called a repeating auto-

stop, it delivers the same quantitx

each time the valve is opened and
shuts off automatically when a pre-

set quantity is reached. Applications

include batching of water, syrups and
oils as well as production line filling

of barreis or drums.

//I a Sugar Plant: A large Ameri-

can sugar company is realizing great

efficiency and econoniy by installing

instnunentation costing more than SI

million. It has .switched from its for-

nier batch operations w hich required

considerable manual handling to a

sniooth full> mechanized continuous

production flow. Multipurpose auto-
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matic timers cycle operations to levei

out production, open and òlose prime
elements, control key factors and car-

ry out additional centrifugal opera-

tions.

For melting, from a control panei

sugars centrifuged from the mingler
and vacuum pan are melted for sub-

sequent refining into liquid sugars.

There is control at this stage of flow

rates and syrup density. The new
robot timing changeover has brought
greater uniformity in the proportion-

ing of materiais for more uniform
quality at a labor savings.

In a Bakery: In a large new bakery
a dual electrical system guards against

plant shutdowns. A large console

automatically draws materiais from
storage tanks, weighs and delivers

them according to predetermined
formulas.

Irradiation of Packaged Food: U.S.

Armys new food radiations centre in

Califórnia has a 24 million électron-

volt liner accelerator which pene-
trates 6 inches of packaged food with
ionizing radiation. The machine is the

highest average-power accelerator

ever built. Armed forces will need
ready sources of imperishable perish-

ables in the event of a fast moving
atomic war.

rV Aids Flow Control: Industrial

TV has been successful beyond ex-

pectations at a Hawaiian sugar plan-

tation. Here the camera views flow
and spread of sugar cane being con-
veyed from the washing plant to the
mill. The picture is transmitted to the
monitor where an operator regulated
the volume of flow. The TV elimi-

nated the need for a watcher.

Grocery store orders can be read
photo-electrically, then converted to

audible signals that go by phone to

a central warehouse to be tape-re-

corded, decoded and fed into data-

handling units. The system was n-

vented by IT & T.

Replies to Food Questionnaire

Replies received from various food
industries to a questionnaire relative

to instrumentation in their plants,

were received from almost every type
of food manufacturer.

With few exceptions these plants

purchase their electrical power supply.

The majority check consumption of

power with their own instruments, yet

one of Canada*s largest meat packing
industries with plants ali across

Canada relies entirely on the utility

metering records.

Generally, separate steam plants foí

heating and power are not maintained.

One flour and cereal manufacturer

and a confectionery manufacturer

who develop most of their own hy-

draulic power have separate steam
plants. Another large meat packing
company which purchases its power
indicated that it produces steam sep-

arately in some of its several plants,

while a supermarket chain which uses

limited supplies of power makes its

steam separately.

Main Purpose and Uses
of Instruments

Instruments most commonly used
are self-correcting feedback servo-

mechanisms of the mechanical, elec-

tronic or electro-mechanical type, or

those for continuously recording

changes in physical or chemical phen-
omena (such as a recording pyro-

meter), or to display a physical or

chemical phenomenon (such as a pres-

sure indicator or pH meter).

The main purposes for which in-

strumentation is used is for achieving

better quality, to provide continuous

records of operations, to economize in

fuel consumption, to regulate pressure

or flow, to reduce labor and to pro-

vide central supervision for diverse

operations, in that order of impor-
tance. They are used to count or

measure, to provide supervisory warn-
ing, to determine rates of flow, to

provide records for analysis, and less

frequently to measure thickness, com-
position, to inspect material for flaws,

and to measure other physical proper-

ties.

Types of instruments most com-
monly used are recorders for tempera-
ture, pressure, humidity, flow, super-

heating, density and levei, and for

controlling temperature, pressure,

flow, density, consistency, leveis,

humidity, volume of liquid ingredients

and electronic metal detection. They
are used for toasting ovens, cookers,

dryers, steam tempering, for air con-

ditioning and refrigeration.

Comments from a Modern
Processor of Canned Goods

The reply from one of Canada's
largest manufacturers of processed

food, — soups, canned vegetables,

relish, pickles, etc. states "temperature

control is used on continuous product
heating processes, where a high degree
of accuracy is required. Controllers

are equipped with ali or some of the

following control elements: automatic

reset, adjustable sensitivity, differen-

tial control. The heat-sensitive element
(thermo-bulb) is in the heat exchanger
effluent product pípe, and the con-

troller operates the steam valve. Re-

torts are operated by similar con-

trollers and differential control is not

needed. The thermo-bulb is installed

in the steam jacket of the retort. Pneu-

matic controllers are used for tempera-

ture control only."

"Resides a variety of pressure-re-

ducing valves on steam and water

lines, pressure controllers are used on
long product lines as a safety device

between two positive displacement

pumps. The pressure-sensitive element

is a stainless steel diaphragm in the

product line. The pneumatic controller

operates a valve to the run-off tanks.

Differential pressure type flow meters

cannot be used in food processing,

since calibration is too complicated,

and sometimes not possible without

interrupting production, moreover

these flow meters often do not meet
sanitary standards."

"Tests with magnetic-type flow

meters, with an electronic recorder-

integrator, are of very recent date but

look promising. They do not need cali-

bration but do need very careful and
complicated zero-adjustment. Positive

displacement-type flow-meters have
also been used recently. If the prob-

lem of wear can be solved, this type

may be another step forward to solv-

ing the problem of flow control and
metering in the food industry."

"Density control is effected by con-

verting the weight of a constant vol-

ume of product into an air signal,

which operates a mixing valve. Tests

with radioactive penetration have been
anticipated but not yet tried. Though
no general way of measuring consis-

tency is accepted, relative values are

obtained by 'flow-bridge' instruments.

However, tests must be made from
case to case if this method is applic-

able. For level-control, besides the

well-known float and electro-probe

levei controllers, radioactive sources

and radiation indicators (geiger coun-
ters) are successfully used for levei in-

dication of high accuracy in storage

vessels, where ali other methods of

levei detection have failed com-
pletely".

Comments from Coffee and
Cereal Producers

A prominent Canadian tea and
coffee producer states that for coffee

roasting, electronic controllers are

used which complete the coffee roast-

ing cycle automatically. These are

basically potentiometer temperature
recorders, with built-in control

switches. Thermistor probe controllers

are used on coffee pouch-making ma-
chines to ensure accurate heat control.

A flour, feed and cereais manufac-
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Uncr lias elfctroiiic lecording tempera-

ture controlleis on his toasting ovens,

air operated controlleis on his cookers,

puttiiig guns, diyers and for wheat

tcmpoiing. Thermo-lndraulic control

is iiscd ou holding tanks for animal

fats, molasses, shortening and hot

water. For bin levei indicators, pro-

portioning, speed control, moisture

meters etc. electronic controls and re-

lays and 'electric-eyes' are used.

Purchasing of Instruments

Practically ali replies indicated in-

strnment requírements were deter-

mined by the company's own staff.

In the case of a few producers oper-

ating a nnmber of smaller, widely

separated plants, assístance and advice

is songht from consultants or instru-

ment makers. For specifying and
recommendíng instrument purchases

the general rule is to rely on the Com-
panys engineering department or

plant maintenance department, —
specífically the maintenance engineer

or plant engineer. Purchases are final-

ized by the central purchasing depart-

ment or plant, in most cases, though
in some cases the engineering depart-

ment, maintenance department, or

both, make the decision.

Instrument Maintenance & Repaírs

Few food firms report they have
established a preventive maintenance
program for instruments. Of those

which have such a program, some are

firms vvith a large capital investment
and several large plants, while other

firms are relatively small. The same
is true of those who replied they had
no such program. On balance the

trend, if there is any, appears to be
for larger firms to do preventive main-
tenance, while in smaller plants there
is less occasion for it.

Answers to a question as to vvhat

system was used for handling spare
parts or replacement units for instru-

ments, indicated no predominent
trend. Repair parts are stocked in

most instances regardless of the size

of the firm. The practice of stocking
complete replacements was reported
by several large firms conveniently
located as to source of supply, while
other firms with plants at remote loca-

tions do not carry replacements. Only
one of the food firms circular-

ized had found that instruments in-

corporating plug-in' features were
particularly suitable for use in their

plants. Most replies indicated a prefer-

ence for instruments built on standard
commercial lines or modified versions
thereof, rather than for having them

built to the purchaser's own individual

specifications. Ali firms replying stated

they purchased their instruments out-

right.

Investment in Instruments as

Per Cent of Total Investment

As might be expected, there was a

wide spread in the capital cost of in-

struments reported, as between the

.small firm or plant and the very large

industry operating plants in many
provinces. Answers ranged ali the way
from $10,000 for one medium-sized
plant making chocolate and cocoa
products, to $500,000 in the case of a

large meat packing industry with sev-

eral plants across Canada, or 2% of

total fixed assets. A prominent chain

of supermarkets has well over $100,-

000 invested in instruments, or be-

tween Vi and V2 of 1% of total fixed

assets.

Nor would it be easy or even pos-

sible to strike an average from the

replies as to the cost of instruments

in terms of the percentage of total

capital costs of ali plant and equip-

ment. This is understandable because
of the wide variation in instrument

requirements for various foods and
different processes and the extent to

which firms have seen fit to adopt
automation.

Another of the largest meat-packing
firms with several plants, and with
overall capital investment in plant and
equipment of some $17 million, esti-

mates the value of its instruments at

around $100,000, — or three quarters

of one per cent. A confectionery firm

with one plant states its investment in

instruments amounts to 'not more
than one per cent of total capital in-

vestment'.

Some well-organized food proces-

sors treat their instruments as an in-

tegral part of each individual project.

For example, instead of trucking a

product from one building to another,

it may be planned to pump the prod-
uct. The necessary lines, pumps. tanks

with pressine levei and flow control-

lers or indicators are designed and
estimated. Then total expenditures vs.

the expected savings are evaluated.

No records are kept on expenditures

for instruments separateh'.

Maintenance and Repair Costs

The annual cost of instrument main-
tenance also varies widely, depending
upon the extent of automation, on the

setup of the maintenance crew, and,

of course, the size of the plant. The
lowest annual maintenance cost re-

ported in tenns of investment was that

of a flour and cereais processor, whose

annual maintenance was half of one
per cent of the investment in instru-

ments. A tea and coffee processor

estimated his at three-quarters of one
per cent. A supermarket chain esti-

mated it at three per cent of instru-

ment value, while a producer of

canned specialties with some $50,000
or more invested in instruments

thought his maintenance cost was five

per cent of his investment in instru-

ments.

Savings Realized through

Instrumentation

A chocolate manufacturer states:

"most of our instnmientation is of a

fairly simple nature. Processes are

largely batch type. Instruments pri-

marily reduce supervision and ensure

quality of product." A large canner

with the most modem equipment,

commenting on the time, money and
material savings effected by instru-

mentation, had this to say . . . "Most

of our processes would not produce

acceptable products if controlled

manually. Where manual control is

possible and would produce equal re-

sults an economic study is made a

part of the individual project, and no
instrument or equipment will be pur-

chased if a reasonable retum on capi-

tal investment cannot be shown."

Another, a cereal food firm, points

out qualit>^ control is very important

and difficult to tag with a dollar sign.

Without automatic process control in-

dustry could not remain alive in the

present day competitive market. A
firm which produces coffee, cocoa,

cereais, gelatine desserts, and pectin

from three large plants estimates that

in its largest plant savings due to good

instriunentation run as high as $200,-

000 \early. A flour milling company
states it reduces manufacturing costs

by 10 per cent by instriunentation,

compared with manual operation. A
coffee and tea firm points out that one

man can operate six coffee roasting

machines with automatic controls.

while with manual operation three

meu are needed for the same work.

Time Needed to ^^'rite-off

Instruments

The general concensus of opinion

expressed hy firms answering this

question seems to be "three years".

A dessert, cereal and pet food manu-
facturer estimated "three to four > ears";

a maker of canned s^íecialties an-

swered 'three to five >ears', while a

fish processing, canning and freezing

concern w ith six plants and a capital

investment totalling $5 million

(continucd cm pos.c 144)
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INTERNATIONAL NEWS

GERMANY
NEW OIL PORT. New oil tanker

facilities built at Wilhelmshaven in

only ten months consist of a 770-

yard long jetty fiom shore out to sea,

a 513-yard landing pier that can

handle three tankers, and a 230-yard

walkway from the end of the pier.

Initially 60,000 dwt. tankers vvill have

access through the 50-ft. approach

channel, but dredging will later aliow

the passage of ships of 100,000 dwt.

In a second stage, a dupHcate pier

will be built to increase unloading

facilities to six tankers, and annual

arrivals from 300 to over 700 vessels.

A new 245-mile pipeline, the first

major project of its kind in West Ger-

many, will supply refineries, initially

at 9 million tons a year, later up to

22 million tons a year. The port was
built under ' considerable difficulties

due to severe offshore conditions of

wind and tide. A special platform

with hydraulically-operated legs,

built in Germany in co-operation with

the U.S. patent holder, De Yong, of

New York, was used for pile driving.

The pile driver was so mounted that

piles could be driven at any batter

towards the platform. Steel piles for

the jetty were up to 109 ft. long;

bollard piles up to 139 ft. (Deutsche
Korrespondenz, Bonn.)

SOLAR ENERGY. From studies by
the Federal German Meteorological

Service it is concluded that indus-

trial use of solar energy is not prac-

tical with present techniques for Ger-

many and countries in similar lati-

tudes. However, diffuse sky radia-

tion was found to be somewhat
greater than direct solar radiation in

these countries. Because of the lower

angle of incidence, the effect of dif-

fuse radiation is actually greater in

winter than summer. It is recom-
mended that planning for buildings

and agriculture should consider site

orientation to take advantage of sky-

reflected as well as direct solar radia-

tion.

CHEAP HEAT STORAGE. Orig

inally patented in GeiTnany 25 years

ago, small heat storage stoves are now
being produced in quantity to take

advantage of cheap (half day-rate)

electrical power during night off-

peak hours. Áustria, with 125,000

kw. in 1957, exceeded German stove

installations (39,000 kw.), and Swit-

zerland is another large user. The
table-height stoves, about three feet

long, have a magnesite or similar core

containing heating elements and sur-

rounded by a thermal insulator.

Heated overnight to 300°-700°C.,
the cores can supply heat at variable

rates throughout the following day or

rapidly for shorter periods (e.g., in

churches) according to design and the

rate of air circulation used. It is es-

timated that 1-kw. of installed power
will heat a room of 300 to 450 cu. ft.,

depending on general thermal insu-

lation. It is foreseen the sale of off-

peak power will become more of a

problem when nuclear power-plants

are widely introduced. (Deutsche

Korrespondenz, Bonn.)

EL SALVADOR
HIGHWAY DEVELOPMENT. The
World Bank (International Bank for

Reconstruction and Development) re-

cently made a loan of $5 million to

El Salvador towards a program to

provide an all-weather road network

through the Pacific coastal plain. This

will help construct 21 feeder roads

and additional work on the main
Coastal Highway, opening up a large

potentially rich area and improving

Communications in the south of the

country. Design standards of 18 feed-

er roads are according to expected

traffic; three will be secondary roads

to connect with the Inter-American

Highway.

UNITED NATIONS
ATOMIC ENERGY. The Interna-

tional Atomic Energy Agency (lAEA)
has announced five meetings on
peaceful uses of atomic energy dur-

ing 1959. The first, 25-27 Feb. in

Vienna, discussed techniques for

determining the distribution of radio-

isotopes in the human body. In July,

a seminar at Saclay, France, will

review methods of training special-

ists in atomic energy techniques. A
six-day conference in Warsavv on

the application of large radiation

sources in industry, especially chem-
ical processes, is scheduled for Sep-

tember. In October, in Vienna, a

symposium on radioactive metrology

will aim to establish internationally

accepted methods of standardization

of radioi-sotopes. Finally, in Novem-

ber, a conference at Mónaco will

discuss radioactive waste disposal,

supplementing the work of an lAEA
panei set up in October 1958 to

study disposal in the sea. Other in-

ternational organizations are ex-

pected to collaborate (e.g., FAO,
UNESCO).

UNITED KINGDOM
TRANSISTORS. The Institution of

Electrical Engineers is to hold an

intemational convention on transis-

tors and associated semiconductor

devices at Earls Court, London, 21-

27 May, 1959, together with a sci-

entific exhibition.

BURIED TRANSFORMER. A new
type of buried distribution transfor-

mer has been successfully tested.

Main advantage of the unit is that

it can be installed easily at a load

centre without the problem of find-

ing new sites for transformers to re-

inforce existing supply networks. The
unit is contained in a strong tank

which can be buried in the ground
with only a small ventilating pillar

showing above the surface. The air-

cooled, 500 kva., 11,000/433 v.,

three-phase unit uses Class C ma-
teriais and is fully instrumented. As
operating experience is gained, the

rating may be increased to around

1500 kva.

GIANT VACUUM CLEANER. De-
signed by the originators of the

vacuum cleaner, a mobile 'cleaner'

weighing over 12 tons and more than

22 ft. long has been developed to

remove flue dust and grit from large

boilers and furnaces. Up to five tons

of dust an hour can be extracted from

a distance of about 100 ft. and
moved by conveyor to disposal ves-

sels. Used on underground flues in

a steel plant, savings of 69% in man-
hours have been obtained.

MAGNESIA FROM SEA WATER.
First developed in 1937, a plant is

now producing 150,000 tons of re-

fractory magnesia a year from sea

water, at a market price only 70%
of that for imported material. Stor-

age tanks totalling 8,000,000 gal.

capacity are fed by centrifugal pumps
through five pipelines. Calcium bi-

carbonate is removed before precipi-

tation of the magnesia.

CONTINUOUS CASTING. Twin-
strand steel billets and small slabs

can be cast at least twice as fast, it
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is claiined, as by any other known
plant on a modified continuous cast-

ing inachiiie at Barrow-in-Furness.

Two-inch S(iuaie billets are cast at

speeds of 220 to 360 inches a min-

ute. Water sprays solidify the billet

l)efore it reaches the wíthdrawal
rolls. Lengths up to 150 ft. have
been obtaíned, thoiigh normal prac-

tice produces billets up to 30 ft. long.

SOME ASPECTS OF

ICE PROBLEMS

(continued from page 54)

deg. as measured during the vvinters

of 1956-57 and 1957-58 respectively.

Excavation of the narrows therefore

vvas carried out only to the extent

required to reduce head loss and pre-

vent erosíon as no ice problem was
anticipated and consequently there
was no necessity to provide velocitíes

to form and consolidate an ice cover,

which meant considerable saving.

Actually, whatever the velocity, no
ice cover can form as long as a little

turbulence is maintained. Should the
flow nevertheless be completely
stopped, then a cover would form
to be melted as soon as operation of
the plant is resumed.
The temperature of water at the

foot of the gorge, under natural con-
ditions, was sometimes very close to

the freezing point, and from there
downstream a solid ice sheet foiTned
to the mouth of the river except at

the rapid sections. To-day the water
in the Bersimis No. 1 tailrace is at a
temperature of 2.8 deg. C. when the
reservoir is full. This temperature
should never drop lower than 2.5
deg. C. above the freezing point at
low reservoir levei under normal op-
erating conditions. Thence, the water
flows to Bersimis No. 2 presently
under development where it arrives
at a temperature of 0.6 deg. C. after
a turbulent 23-mile journey under
obviously open water conditions.
Upon completion of Bersimis No.

2 the forebay will become a deeply
embanked body of water flowing
gently under an ice cover preserving
its heat content. Under these new
conditions water .should reach the No.
2 plant at a temperature somewhat
lower than that found at the outlet
of No. 1 plant on account of the cold

tributary waters between the two de-

velopments. In brief, ice will never

interfere with the operation of the

two plants due to the high tempera-

ture of water in winter.

Another example of an intake canal

using "warm" water and flowing open
the year round as at Bersimis No. 1,

is the Shipshaw canal diverting the

Saguenay river waters to the Ship-

shaw plant No. 2. It is IV2 miles long

and the flow ranges from 36,000 to

46,000 c.f.s. under an average veloc-

ity of 4 to 5 feet per second. The
temperature of its water, as observed

during the coldest part of the winter

of 1954-55, was 0.15 deg. C. above
the freezing point at the entrance of

the canal. Therefore, no ice problem is

to be expected at the Shipshaw plant

providing ice from the gently flow-

at difíerent stages of the construction

are also of great assistance in observ-

ing erosion and drainage problems and
indications of possible land slide, in

addition, they will aid in anticipating

future maintenance problems.

CONCLUSION
The development during the last

few years in the field of photogram-
metric engineering has undoubtedly
influenced the thinking and the meth-

ods of the location engineer. Photo-

grammetry provides the engineer with

data essential to location and design

that, not so long ago, had to be col-

lected laboriously on the ground. In-

formation concerning rock and soil

types, borrow materiais, drainage and
land use are obtained quickly from

aerial photographs. Furthermore, ac-

curate reconnaissance and detailed

topographic plans together with cross

sections, profiles, and earth work
quantities are compiled photogram-
nietrically to an accurac}' comparable
to that of ground survey niethods but

considerably quicker and less expen-

sive. The beneíit of employing an

integrated ground and photogram-
metric survey together with electronic

computations for the determination of

pay quantities and slope staking data

is not as much in dollars sa\ed but

in the convenience of having avail-

able a powerful tool which can con-

veniently take care of the fluctuating

volume of surveys and which will

provide insurance against costly de-

lays of construction contractor's pro-

gress.

ing head-pond upstream is prevented

from entering the canal.

CONCLUSION
To sum up, rivers whose waters are

cooled down to the freezing point are

most favourable to the formation of

ice of ali kinds, and the best means
of preventing ice from interfering

with plant operation, especially if an

important stream is concemed, is by
providing a forebay with sufiBcient

cross-sectional area to meet conditions

other than the ideal. As regards

streams whose waters are never cooled

down to the freezing point, their ice

problems are usually ver\' easily

solved. In resume, the solution of the

ice problem on one stream cannot be

apphed to any other stream indiscrim-

inately.

We agree with George J. Smith, of

McElhanney, McRae, Smith and
Nash, Consulting engineers and sur-

veyors, \'ancouver, who urged the

integration of large scale photogram-

metry and groimd survey in a recent

speech. Addressing the Canadian In-

stitute of Surve\ing in Ottavva, he

said:

"It is belíeved we are facing major de-

\'elopments and iniprovements in surve>

instmnients and techniques. These
changes will be brought about by the

rapidly rísing costs of surveys using pres-

ent techniques on the one hand. and on

tlie other hand, by the probable savings

made b>- the use of modern electronic

and photogramnietric equipment. Present

instmnients are expensive, but it can

be expected that continuai development
will lower their cost and raise their pre-

cision and degree of utilít>\

"One wonders what functions these

new Instruments will perfomi ten >-ears

from now . . . But one thing is certain: if

tiíey succeed in loweríng the cost of sur-

veving, their effect will be felt from now
onward. And this can only be accom-
plislied hy the use of sound principies

in tlie relationsliip of large scale photo-

gramnietr\- and ground sur\-e>' and tlieir

intelligent integration."

The advantage in using photogram-

metric techniques in location work is

not simpK to substitiite for groiuid

metliods but to afford econom\', speed

schedules, iinpro\"e acciu-ac>, and
probabh of o\ erriding iniportance, to

suppK detail over a broad enough
area that the engineer can sample ali

alternatives to produce the best pos-

sible design.

PHOTOGRAMMETRY (continued fwm page 70)
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Canadian Developments

NEWS OF MAJOR ENGINEERING DEVELOPMENTS IN CANADA

National Aeronautical Establishment

By summer, 1960, the National

Aeronautical Establishment of Canada
vvill consist of:

—

1 . A flight research section and supet-

sonic wind tunnel laboratory at Up-
lunds airport, and
2. A structures section, subsonic

wind tunnel, and hypersonics labora-

tory in the Montreal Road laboratories

of NRC.
On January 1, 1959 the National

Aeronautical Establishment became a

Division of the laboratories of the

National Research Council of Can-
ada. In principie, the Establishment

carne into existence in 1951, charged
with the responsibility for integration

of govemment aeronautical research.

Then, nearly ali of Canadas aero-

nautical research and testing facilities

were located in the Ottawa labora-

tories of NRC and were administered
by the Division of Mechanical Engi-
iieering. The aeronautical laboratories

have since grown too large in scope
and scale of operations; hence the

decision to separate the aeronautical

function as a new Division.

There was a parallel and related

decision to proceed with the construc-

tion of the multi-million dollar super-

sonic wind tunnel at the NAE site

near Uplands airport. Completion of

this is scheduled for the summer of

1960.

While it is an intrinsic NRC di-

vision, responsible to the president of

the Council, NAE has these aids:

The National Aeronautical Research

Committee, which guides NAE in

broad policy; made up of sénior of-

ficials of the Defence Research
Board, the RCAF, the Department of

Transport, the Department of De-
fence Production, and the National

Research Council;

A Technical Advisory Panei, at the

technical levei of operations; consist-

ing of the director of NAE and rep-

resentatives of the same agencies;

Associate Committees (being estab-

lished) vvhereby industrial representa-

tives can make their views and
requirements in research and devel-

opment known directly to NAE re-

search engineers.

Frank R. Thurston, who was ap-

pointed acting director of NAE, is

the former head of the structures la-

boratory of the Division of Mechani-

cal engineering.

He has reported as follows on the

research program:

The program of work of the NAE,
has been affected by the various

defence policy decisions that are

pending with respect to air defence.

Some of the program has been re-

oriented towards the more pressing

problems of civil aviation. To this

end, NAE has organized close tech-

nical liaison with the Department of

Transport and is working on a variety

of problems including vertical take-

off and landing, acoustic noise, run-

way roughness, air traffic control,

airport lighting and a crash position

indicator.

The new wind tunnel will greatly

increase capacity for aerodynamic re-

search. It will be used for work in

a speed range up to a Mach num-
ber of about 4.5, and, at a later date

by modifications and additions, to

Sketch of new high speed wind tunnel at the National Aeronautical Establishment.

Courtesy of Technical Art Associates, Toronto.
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about Math 15 and temperatures up
to about 3000 °K. The tunnel is a

very advaiiced piece of equipment

and compares fa\ovirably vvith tiin-

nels of similar purpose ain where in

the \vorlcl. Messrs. Dilworth Evvbank

of Toronto have been retained as

coiisiiltintí engineers on design of the

tunnel.

The flight research section of NAE
has developed speciahzed equipment
for the investigation of slipstream de-

flection and high lift devices appli-

cable to aircraft design for short

take-off and landing or vertical take-

off and landing, and is flying con-

temporary Canadian-built aircraft in

programs of research on dynamic sta-

bility and on engine reheat.

The structures laboratory has a

program of research which includes

structural dynamics and dynamic
plasticity, structural fatigue with
special reference to fatigue crack

propagation and fail-safe design,

problems of kinetic heating and, as

an avenue of research quite new to

the laboratory, the study and devel-

Moosonee, on James Bay, will be
a major ocean port. Ontario s Premier
Leslie M. Frost announced this in

January, saying that Federal Gov-
ernment cooperation is contemplated.

Ontário would proceed with the plan,

in any event, so that Ontário will

have an outlet on the sea lanes.

The plan is for a $5 million pro-

ject, including dredging, the building

of a dike and construction of docks.

It would also involve the building of

spur lines by the Ontário Northern
Railway and the establishing of mar-
shalling yards. Drilling is already be-

ing done to obtain information for

location of the harbour.

These advantages have been cited

in favour of the project:

The Ontário Northland Railway
already connects Moosonee to Coch-
rane. Natural gas service can easily

Arctic Supply Operation

An arctic transportation operation

of special interest was concluded last

fali by the Department of Transport.

It was a supply undertaking, by
which 77,000 tons of supplies were
delivered to defence radar sites, joint

arctic weather stations and other out-

posts. It was the first Canadian sea-

supply for DEW line sites in Foxe
Basin, 200 miles north of the Arctic

Circle. These previously had been

opment of high-temperature-resistant

non-metallic structural materiais.

The change of the government's

aeronautical laboratories to that of

an integral, independent Division of

the National Research Council, the

acting director reports, comes at a

time when there is much soul-search-

ing regarding the future of Canada's

aviation interests. The facts of the

matter are, he says, that Canada will

not cease to be an aviation-minded

nation. The facts of our geography

and distribution of our population

preclude it, and the aeronautical

Sciences have not dried up or run

out of potential advancement; they

have simply been temporarily eclipsed

by the need for a defence-motivated

leap frog into astronautics.

"The result of this complexity in

the aero-astro-nautical developments

of the times is a challenge to level-

headed planning", Mr. Thurston says,

"and the newly created status of the

National Aeronautical Establishment

may well be taken as augury that the

challenge has been accepted".

be extended from Cochrane. There

are hydro-electric resources within

100 miles of Moosonee.
Benefits to be derived are headed

up by these:

Northern Ontarios potential for de-

velopment will get closer attention;

a great agricultural area will become
more accessible by rail and sea.

The port could be used as a supply

base for northern defence and radar

posts. Traffic in iron ore alone would
justify the port, it is said. In the

Belcher Islands there is an estimated

4.5 billion tons of iron ore. The new
port will make possible its move-
ment by rail to the industrial centre

of Ontário, and by sea to other mar-

kets.

The Ontário Northern Railway is

expected to launch a 20 to 30 million

dollar modernization program.

served by United States shipping.

The fleet also sailed to Mid Canada
locations in Hudson Bay, to Frobish-

er and some 30 other outposts.

The fleet comprised 13 Depart-

ment of Transport vessels, 22 char-

tered ships and 125 barges, landing

craft and tugs. Throughout the sum-
mer they sailed from Montreal and
Chiu-chill to as far north as Eureka
on Ellesmere Island.

The ships carried passengers to the

posts. and the C. D. Howe had a

special health and welfare mission.

It was equipped to carry out medicai

examinations aboard. The icebreaker,

N. B. McLean logged 15,500 miles

on this voyage.

Soo Bridge

Discussions were held recently

relative to the financing of the $18
million international bridge at Sault

Ste. Marie. The projected bridge will

be approximately 12,000 feet in over-

all length, including the approaches

from downtown Sault Ste. Marie.

Mich., to the outskirts of Sault Ste.

Marie, Ont.

Ontário Mineral Production

Mineral production in Ontário dur-

ing 1958 reached $799 million ac-

cording to a preliminary Government
estimate. This is $50.3 million more
than 1957 production.

Ontario's great increase in uranium

production was alone more than

enough to account for the over-all

total increase. The uranium mines in

the Elliot Lake and Bancroft áreas

produced uranium oxide valued at

just under $222 million. Uranium
held the top production figure. In

second place was nickel, at 8179
million, its production curtailed b\"

reduction of world stockpiles and by
work stoppages. Copper output was
worth S72 million; gold production.

$90 million; iron ore, $33.3 million.

Demand for Power in N.B.

New Brunswick is planning for the

production and use of 600,000 hp. of

electrical energ>- within the next few

years. Production of the N.B. Electric

Power Commission is now 226,000

hp. But demand is doubling every

seven years and, in the immediate

future the rate of new demand is ex-

pected to jump very sharph". Indus-

trial growth, notabh- a $50 million

oil refiner\- at Saint John, will de-

mand greater quantities of power.

Ice Bridge for Trucking

An ice-bridge built near Ednionton

made the news lateh". Design was at-

tributed to Dean R. M. Hardy.

M.E.i.c. of University of Alberta.

The ice-bridge was built across the

North Saskatchewan River by the

use of plastic refrigeration pipes laid

across the 150-foot main channel.

Natural ice 2 feet thick was rein-

forced to a total depth of 3 feet.

This bridge allows direct truck

transportation of sand and giavel into

Edmonton, sa\ing 3^2 miles of the

alternative route and saving $56.000

in costs.

Moosonee, an Ocean Port

What Goes On
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Trans Canada-Pipe Lines Limited

Four compressor stations wíll be

built by Trans Canada Pipe Lines

Limited at an approximate cost of

$13 million in 1959. Fifteen sales

meter stations costing about $500,000,
also will be put into operation.

Three of the new compressor

stations will be built by the Northern

Ontário Pipe Line Crown Corporation,

at Ignace, Geraldton and Hearst, with

design and engineering under the

supervision of Trans^anada. The
fourth will be built by Trans-Canada
near Maple, Ont.

Trans-Canada may now take 5.45

trillion cubic feet of gas from Alberta.

The companys original permit from

the Alberta Oil and Gas Conserva-

tion Board allowed the removal of

4.35 trillion cubic feet, which is under

contract for delivery to distribution

companies over the next 25 year

period. The permit approved in Janu-

ary allows export from Alberta of an

additional 1.1 trillion cubic feet dur-

ing the next 22 years.

Carden City Planned

Webin Community Consultants, a

division of Toronto Industrial Lease-

holds (1957) Ltd., will convert 374
acres of land in North York Township
into a garden city development of

íamily-type rental housing. This land,

south of Don Mills, is known as Flem-

ingdon Park. It was acquired last

June by Toronto Industrial Lease-

holds (1957) Ltd., which is an affili-

ate of Webb & Knapp (Canada) Lim-

ited.

St. John's Harbour

A $13 million expansion of the

harbour at St. Johns, Newfoundland,

will be completed in the next 4 years.

The port will then be able to handle

an additional 250,000 tons of general

cargo per year.

Main features of the plan are:

• Construetion of a large finger

wharf and adjacent marginal wharf,

providing three additional berths

to handle ships up to 10,000-ton ca-

pacity.

• Construction of about 2,200 feet

of marginal wharves along the north

shore to handle coastal shipping.

• The construction of a 617-foot

marginal wharf for the ships of the

Department of Transport.

• Provision of a boat basin for

small boats, with a total berthing area

of 900 feet.

• Removal of harbour obstacles;

provision of new mooring locations

and tug service.

• Construction of service roads.

• A large modern terminal, built

in conjunction with the new deep
water berths and wharves in the west
end of the harbour, will be linked to

the railway yards.

Production Opportunities

A booklet published by the Depart-
ment of Planning and Development
of Ontário, gives a report on "Fabri-

cation Gaps in Canadian Manufactur-
ing Industry", as indicated by im-

ports in excess of $1 million a year.

Manufacturers may find here new op-

portunities for production or expan-

sion.

O.W.R.C. Projects

As the Ontário Water Resources

Commission approached the comple-
tion of its second full year of opera-

tion, March 31, 1959, Chairman A. M.
Snider recently reported that OWRC
was involved in municipal water and
sewage projects throughout the Prov-

ince having a total \'alue of $30 mil-

lion. These projects—24 water and
30 sewage—included those completed
and in operation, those under con-

struction, and those under OWRC-
municipal agreement but stUl in the

pre-construction stage. Water projects

were valued at $7.7 million, and
sewage $22.6 million.

Ali were built by the OWRC for

the various municipalities and are

being operated by or under the Com-
mission's direction. Total value of

OWRC projects now in operation is

$4.2 milHon.

Canada Cement Anniversary

Canada Cement Company Limited

is celebrating in 1959 fifty years of

progress. These years have brought

greater production, closer quality con-

trol and more economical operation.

Rotary kilns operating in the com-
pany plants today are up to 12 feet

in diameter and 455 feet in length.

Methods now involve high speed ro-

tary quarry drills, large efficient elec-

tric shovels and large truck haulage

units. Recent developments have add-
ed beams, joists, wall paneis, roof

and floor slabs, to an extensive list

of concrete products for construction.

The company's annual capacity is

96 million bags of cement per year.

The annual report, issued recentlv,

predicted that in 1959 the plants will

be operating at efficient rates, though
at somewhat below capacity leveis.

This is based on preliminary estimates

of construction volume.

Queen's University

A fifth year nuclear engineering

course, has been available at Queen s

University since last fali.

This is a one-year graduate pro-

gram dealing with basic concepts of

nuclear energy and with design of

nuclear reactors and industrial appli-

cations of nuclear radiations. Infor-

mation can be obtained from the dean
of the faculty of applied science,

Queens University, Kingston.

A symposium on Plastic Design in

Steel will be held at Queen 's Univer-

sity, June 15-19, 1959. British, Ame-
rican and Canadian speakers are to

give papers dealing with: funda-

mental concepts of plastic design,

loads, single and multi-storey frames,

connections, plastic behaviour, ex-

amples from Britain and the United

States, design, foundations, and eco-

nomics.

Information is available from Dr.

H. W. Curran, Director of Extension,

Queen's University, Kingston, Ont.

Tandem Accelerator, Chalk River

Atomic Energy of Canada Limited

has in service a new, ten million volt

atom smasher, known as the tandem
accelerator.

It was designed and built by High

Voltage Engineering Corporation,

Burlington, Mass., and is the first ma-
chine of its type; its value is $1 mil-

lion. It will be able to obtain informa-

tion on the nuclei of heavier elements

than could its predecessor, the Van
de Graaff accelerator of 3 million

volts.

The tandem accelerator consists of

two Van de Graaff accelerators placed

end to end, horizontallv, in a 23-ton

steel pressure tank, which is 34 feet

lonç and eight feet in diameter. The
tank contains nitrogen at a pressure

of 225 pounds per square inch to in-

sulate the accelerator, preventing

escape of the electrical charge.

A beam of particles (for example,

protons) is directed into the first of

the two units where it is given an

energy of five million volts. In the

second unit, further acceleration of

particles brings the total energy to ten

million volts. The beam of particles is

then directed against target material

(such as magnesium or lead). The par-

ticles, penetrating the nuclei of the

target atoms, revealing information

about their structure.

A shielded building (150 ft. by 60

ft.) houses the accelerator. A separate

building contains the control room,

and closed circuit television permits

observation of the operation.
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Month to Month
News of the Institute and the Profession

ifiiii!ii!:iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^

I
E.I.C.-1959

I

I
ANNUAL GENERAL AND

|

I
PROFESSIONAL MEETING

|

I The Committee on Technical Operarions has arranged g

I a technical program consistíng of 43 papers and two 1

I panei díscussions. |

I A strong annual meeting committee has been formed i

I in Toronto, under the Chairmanship of E. R. Davis, |

I M.E.i.c. The committee is working in close co-opera- |

I tion with Headquarters to round out the program. |

I The meeting will be in the new convention wing =

I of the Royai York Hotel, wrth banquets in the beauti- |

I fui Canadian Room. |

I Advance notice of the annual meeting and registra- |

I
tion forms will be mailed to ali members about the §

I
end of March. It is of special interest to note that

^

I the dates fali on a Monday, Tuesday and Wednesday. |

I
This is a departure from practice imposed by avail- |

I ability of convention bookings. |

June 8, 9, 10, 1959, Royai York Hotel, Toronto
|

iniiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiii^ iiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiii

COMMENT

CORRESPONDENCE

ELECTIONS

AND TRANSFERS

CONFEDERATION
A Progress Report

There is little that has occurred

on Confederation since the meeting

of Council at Toronto. There has not

been time to complete an\ of the

steps that naturalK" foUow the strong

support given by Council to the re-

port of the Joint Committee.

Your chairman has had conversa-

tions uith the chairman of the Can-

adian Council committee leading to

arrangenients for the next meeting of

the joint sub-committee.

The EIC members of the sub-

committee are at work on a somew hat

modified report for consideration of

the joint sub-committee. It is proposed

that the identical report to the mem-
bership will be used for the Canadian

Council as well as the Institute.

It should be emphasized that it is

not going to be a quick job to get

from the committee unanimous agree-

ment on the joint report, but there

is ever\- reason to believe it will be

achieved within a reasonable time.

Members must not expect to receive

the ballot immediateh , but the> ma>

be assured that every eflFort is being

made to have it ready at the earliest

possible time.

Engineering Careers

Letter lo the Editor

The Engineering Institute of Can-

ada is to be commended for its

efforts to establish useful means of

liaison between both the prospecti\e

Canadian technician and young engin-

eering graduate and the opportunities

in the broad field of Canadian en-

gineering.

Had I personalh as a \outh the

opportnnit> of reading a publication

such as \ovn- recent edition of "Eng-

ineering Careers in Canada," I would

have knowii where l ^^as heading

when I sought. and obtained a degree
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iii electrical engineering. Fortunately,

somewhere during that four-year

course, I discovered that my aptitudes

were those of a mechanic, rather than

those of an engineer and, at gradu-

ation time, that the newspaper profes-

sion could be inviting to me.

For young people brought up in

small communities and with little op-

portunity to travei, there is a great

iieed for the broad picture in the

choice of a career. That is where I

consider your pubHcation has its

greatest value.

Enclosed is a tear sheet froni the

editorial page of The Telegraph-

Journal containing editorial reference

to yom- publication. The same editor-

ial also appeared in our aftemoon
paper, The Evening Times-Glohe.

]. G. Bruce,
Saint John, N.B.
Assocíate Editor,
The Telegraph-Journal, and
The Evening Times-Glohe

Credit is Due
A picture of the Silver Dart ap-

peared on page 33 of the February
issue.

An apology to the National Geo-
graphic Society for failure to include
a credit line under that picture, which
they very kindly loaned for reproduc-
tion in The Engineering Journal.

Director of Technical Services

The general secretary of The En-
gineering Institute of Canada an-

nounces the appointment of J. Hance
Legere, m.e.i.c, as director of techni-

cal Services for the Institute.

Corning from
Nova Scotia, Mr.

Legere served

five years with

the Royai Cana-
dian Corps of

Signals. Demobi-
lized in 1946, he

enrolled at Mc-
Gill University
and in 1950 was
awarded the de-

gree of bachelor of engineering in

engineering physics. Later he received

a diploma in management and bus-

iness administration from McGill.

Mr. Legere's industrial experience

has been mainly in the fields of Com-

munications and electronic control.

However, during the period 1954 to

1956 he was registrar of the Corpor-

ation of Professional Engineers of

Quebec, and in 1955 he served as

secretary treasurer of the Canadian

Council of Professional Engineers.

More recently, Mr. Legere was chief

engineer of Servomechanisms (Can-

J. H. Legere,

M.E.I.C.

ada) Limited for two years, engaged

in the design and manufacture of air-

craft and industrial servomechanisms.

Periodicals in

Engineering Libraries

The Engineering Journal has re-

ceived confirmation of its importance

as a source of reference in Canadian

engineering and industrial circles.

In December 1958, the hbrarians

of 75 leading Canadian engineering

and industrial libraries were asked to

complete a questionnaire, indicating

which of sixteen periodicals they re-

ceive and retain. Sixty replies were
received and tabulated.

Fifty hbrarians indicated that they

keep The Engineering Journal on

permanent file. The next highest tech-

nical publication was Engineering

News Record. This was closely fol-

lowed by Engineering, a British peri-

odical.

The average retention figure for

fifteen Canadian, British and Ameri-

can trade and technical periodicals

was 24.6.

Cmm ONTARiO

RiOlOHH JBCHHim COHHRmB

will be held in Sudbury, Ontário on Saturday April 25, 1959

General theme: Engineering Outlook in Canada in the Next

Twenty Years

Main subjects: Power, transportation, defence

Conference Chairman: George Charlap, m.e.i.c.

PARTICIPATING BRANCHES

Sudbury North Bay Sault Ste. Marie
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BcU Tower for U.B.C.

St. .\ndre\vs Hall at the University

of British Columbia lias a new 30-

foot bcll tow er and bell, the gift of a

New Westminster resident, Miss An-

nie Graham Hill, B.A., one of the

universit\'s earliest graduates.

The bell tower, bnilt with funds

donated by Miss Hill, commemorates
her parents and step-mother. Her

father, Arthur E. B. Hill, was a pion-

eer civil engineer, who helped to

locate the C.P.R. Railway from Yale

to Port Moody, and who helped to

design and construct the first water

supply system of New Westminster.

Elections and Transfers

A number of applications were pre-
senteei for ronsideration and on the rec-
coinmendation of the Admissions Com-
mittee. the following elections and trans-
fers were effcted at a meeting of Council
on January 31, 1959.

Members: R. H. Abbott, Port Hope; R. M.
Arner. Hamilton; D, L. Brignall, Hamil-
ton; R. W. Gittins, Fort St. John; I. H.
Lamb, Pres"ott; J. A. G. MacDonald, St.
John's. Nfld; F. A. MoCowan, Calgary;
V. Milligan. Toronto; M. J. Morgan, To-
ronto; H. J. B. Nevitt, Sweden; R. J.

Reeves, Hamilton; A. K. Rowntree, Lon-
don; R. Sabljak, Vancouver; J. G. Spence,
Kingston; R. H. Tanner, Belleville; N.
Van Cleaf, Ottawa; A. L. Van Luven,
Montreal.

Juniors: A. Alexander, St. Catharines;
T. J. Gaffney. Sudbury.
Affiliales: H. D. C. Hunter, Victoria;
C. G. Shaw, New Westminster.

Júnior to Member: D. L. S. Bate, To-
ronto; E. W. Hill, Hamilton; J. C. Lus-
combe, Ottawa; J. I. McClelland, Trail;
R. N. Payton, Hamilton: J. N. Schilizzi,
Switzerland; K. D. H. Willcocks, Belle-
ville.

Student to Member: J. M. Howes, To-
ronto.

STUDENTS ADMITTED
McGill University: E. Alzner, I. Alleslev,
A. Amos, F. F. Angus, J. R. L. Atchlson,
P. E. At-ovit"h, J. W. Atwood, J. O. Baatz,
B. S. Basarke, J. D. Belcourt, D. L. Ber-
covitch, I. P. Bergeron, M. .T. F. Berming-
ham, N. Berriman, C. H. Beuglet, R. L.
Blackie, G. Bleier, G. D. Bonner, M.
Boyer. R. Brousseau, M. L. M. Càrle,
I. A. Carson, R. C. H. Chen, W. B. Clark°,
M. Cogan, A. J. Colman, E. G. Craig, W.
Cupchik, N. Dion, G. A. Doig, M. Doren-
feld, J. R. Duckworth, P. A. Dupont,
J. G. Dyke, R. D. Dyck, J. Egri, D. J.
Ekanem, D. S. Elkins, F. H. Farmer,
O. A. Femandez-Cruz, G. R. Fitzbibbon,
C. C. Flis^ R. Fong, M. E. Fournler.
K. L. Fraser. Y. Freedman, A. J. Frey-

man, D. J. Galloway, S. B. Garfinkle, P.
Gergelv, F. M. Groundwater, L. Hamel,
C. T. Harsora, E. C. Higgins, R. T. Hol-
comb, R. T. Horwood, D. U. Houehland,
J. D. Hutchison, R. D, Japp, J. J. Kappel,
P. R. Kemball. M. Kenney, M. Kiovsky,
J. M. Klemka, H. P. Korman, L. Lahti,
G. P. Laszlo, P, Lebeault. D. K. Lee,
J. K. P. Lee. R. Y. M. Lee, R. Leibe,
C. Loo, G. H. C. Lui, J. R. Mallamo,
R. R. Martino, W. McCree.

D. W. McMullen, D. .J. M. McVev,
W. J. F. Meighan, C. Millar, L. Mincoff,
G. N. Minns, P. J. Morrissette, T. N. T.
Morse, R. H. Oldham, J. Opher, R. P. A.
Pagotto, S. J. Polatshek, C. A. Potter, P.
A. Preville, .T. B. Quinlan, B. L. Roch-
ester, A. D. Ross. C. A. Roy, D. J. Scholtz,
D. G. S^-ott, L. Sebastien, D. T. Serbyn,
H. T. Shrimpton, E. A. Silver, M. S.
Sindhu, D. R. Smyth, L. Stein.

J. P. Stockhausen, T. D. Syme, R. G.
Taylor, M. A. Tenander, R. B. Testa,
N. Toye, J. M. Trischuk, T. Shang, S. R.
Tumas, D. B. Uniat, R. H. Veach, D. A.
Vivian, M. B. Walker, J. S. Watson, H. L.
Wax, E. J. Weber, A. W. Y. Wong, T. F.
Yung.

University of British Columbia: G. B.
Allan, R, G. Auld, D. L. Birdsall, T. A.
Bísaro. R. M. Boss. E. Bozgoz, D. W.
Brown, D. A. Brundrett, A. F. Bygate,
D. E. Chapman, H. R. Cherewick, A. T.
Cooper, D. R. Crombie, G. D. Davidson,
J. V. Davies, G. Doeksen, G. H. S. Duddy.
R. A. Edgar, P. L. Eggleton. P. W. Élder,
D. Erwin, G. A. Facca, D. L. Ferraro;

G. F. Fieber, D. M. Field, R. Gebauer,
S. R. Greenwood, R. L. Hawkins, M. R.
Higgins, R E. Higgins, T. J. Hirst, G. E.
Hoar, W. H. Holland, H. Hooge, R. E.
Horita, R. H. Hunt, H. Hussin, B. R.
Isbister, G. A. Isbister, B. F. Jackson,
N. A. Johnson, J. B. Kidston, W. L. Kilik,
D. B. Kirk. A. V. Kouritzin, L. Kwan,
V. S. Lamba;
M. Lambert, V. B. Lawson, O. H. Leiren,

L. E. R. Lenoire, W. D. Little, E. J. Maz-
zuca, R. S. Moore, R. M. Murray, B. G.
Mykvtiuk, D. W. Neilson, D. Nicholson.
K. Oikawa, W. A. Olafson, W. V. Olson,
M. H. W. Pau, T. P. Whittingham, E. J.

Peterson, M. J. Polz, W. E. Reid, K. M.
Richmond, L. A. Roosdahl. R. E. Row-
lands, J. Saarma, R. V. Samol;

J. J. Sanderson, D. W. Saunders, E. H.
Schroeder, R. G. Sexsmith, L. G. Shan-
non, H. A. Sharp, R. M. Sharp, J. Siiins,
J. D. Smith, D. G. Strong, K. Teng, T. R.
Tufts, R. M. Van Sacker, V. P. G. vnn
Maydell, E. N. Walimaa, R. C. H. Werth-
ner, T. M. White, P. A. Wiebe. A. W.
Wild, L. F. Wolfe, P. Wong. W. D. Woro-
bec, R. S. Zalkowitz.

University of Sherbrooke: J. Belleau, J.
Bernier, P. Blais, Y. N. Boisselle, A.
Breault, L. Chasse, R. Chasse. J. A. C.
Cormier, M. Y. Demers. Y. Demers, D.
Dumas, D. Gagnon, J. M. R. Gagnon, M.
Labbe, P. Lacharite, P. Lambert;

L. Laplante, J. G. Lemay, J. R. M.
Marcil, J. C. Moore, G. Morin, L. P. G.
Morin, J. Morin, J. G. Nadeau, J. A. G.
Richard, S. Richard. G. Teste, J. R. Tet-
reault, P. A. Tetrault. C. Tremblay. B.
Vigneux.

University of Alberta: F. C. Astle. D. R.
Ferrier. J. P. Ford, L. P. Haenni. A.
Heidebrecht. R. L. Hemmings. M. P.
Hermansen. W. F. Hobden. J. R. Hope.
V. C. Jones, G. K. Leckie. D. A. Lindberg.
P. Lukomskvi. D. G. Lunder. W. G.
Maunder. R. B. Pinkney, P. T. Seabrook,
K. J. Singleton, P. K. Symborski, T. H.
Thomsen, E. I. Weleschuk. S. M. Zuk.

University of Toronto: R. T. Anthon,
G. R. Bender. M. D. Davids. A. P. Fielden.
D. K. Fountain, J. E. Garyfalakis. P. H.
Griggs, B. M. Hersh, R. M. Korol.

University of Toronto: I. J. McGee, D. J.

McLeish, R. J. Pau, R. Relo, A. A. M.
Reed, V. Smiltnieks, D. R. Stemp. R.
Taagepera.

McMaster University: I. C. Amery, P. I. C.
Ernest. W. P. Gorrell, T. A. Hunter, R. E.
Rowell, D. W. Weber.

St. Francis Xavier University: J. C. A.
Beauchesne, P. Beauchesne, J. J. P.
Bouvette, R. H. Burlock, J. R. Deschenes

Queen's University: A. W. Armstrong.
R. J. Balkwill. K. T. Bullen. A. G. Dyke.
J. B. C. Roy.

Royai MiUtary CoUege: R. H. Brett, C. W.
Dibden, M. J. Schelter, D. E. Woo.

University of New Brunswick: N. C. De
Grace, G. A. Hatchard, R. J. Sharman.
T. W. Walker.

University of Manitoba: F. P. Coinner,
E. Romaniuk, R. T. Seepish.

Sir George Williams CoUege: M. Chicha.
I. Lindy. N. Vineberg.

Mount Allison University: T. A. Hiscock

Waterloo CoUege: H. S. Speers.

University of Saskatchewan: B. L. Van-
daU.

Nova Scotia Technical CoUege: R. J. F.
Swindles.

University of Alberta: K. C. Rainsberry.

Queen's University: E. R. Acton.

A.P.E.D.: J. A. Cummings.

Applications through Associatíon

By virtue of the co-opsrative agree-
ment between the Institute and the As-
sociations of Professional Engineers. the
following elections and transfers have be-
come effective.

ALBERTA
Member: E. J. MacGinnis, J. D. Marshall;
Júnior: I. H. Barghshoon, J. D. Winke-
laar, L. Davidson; Júnior to Member:
P. A. Clarke. F. C. Totino.

SASKATCHEWAN
Members: W. J. Keough. W. W. Peters-
meyer, R. D. Lemmons; Juniors: V. K.
Pedscalnv; F. N. Trofimenkoff: Júnior
to Member: M. Barabas. B. K. Braaten.
G. A. Gette, H. M. Hill, T. J. Manning.
J. M. McNeil, V. L. Rvhorski. H. Solon-
inka, J. Stoffel. K. H. Thompson; Student
to Júnior: V. G. Beckie, A. C. Floyd.
W. R. Hinz. W. E. Randall. A. G. Weimer.
Students: A. W. D. Beck. D. V. Fowke.
G. D. Genereux. D, L. Fraser. N. W.
Ledrav. J. W. McGuffin. W. F. Peterson,
G. N." Steuart, M. G. Wilson.

Member: I. W
QUEBEC
G. MacCaUum.

DATES TO REMEMBER

AUGUST 11, 12. 13. 1959

NOYA SCOTIA TECHNICAL COLLEGE

50th Anniversarv Rciinion

For information write Box 811. Halifax, N.S.
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OBITUARIES
The st/Tnpathy of the Institute is extended to the relatives

of those whose passing is recorded here.

Dr. R. S. Jane, m.e.i.c, president of

Shawinigan Chemicals Ltd. died on De-
cember 1, 1958.

Bom in Comwall, England, in 1898,

Dr. Jane carne to Canada in 1903. He
graduated with a B.Sc. degree from the

University of British Columbia in 1922.

He was awarded an M.Sc. degree in

chemistry in 1923 and a Ph.D. degree

in 1925 by McGill University. He at-

tended the University of London on a

Wembley scholarship for the following

two years. He received the degree of

doctor of science from McGill Univer-

sity in 1958.

In 1927 Dr. Jane was named chief

chemist at Shawinigan Falis, Que., with

Canada Carbide Company. When that

company became a division of Shawini-

gan Chemicals Ltd., he was placed in

charge of plant research activities. In

1936 he was transferred to the research

and development department in Mont-
real. In 1943 he was named director of

the newly created industrial research de-

partment, Shawinigan Water and Power
Company.

Three years later he returned to Sha-
winigan Chemicals Ltd., as director and
vice-president in charge of research and
development. He was appointed execu-
tive vice-president of the company in

1954, and president in 1956.

Dr. R. S. Jane, J. W. McCammon,
M.E.I.C. M.E.I.C.

He was elected president of the

Chemical Institute of Canada for 1952-

53.

J. W. McCammon, m.e.i.c, retired gen-

eral manager and commissioner of the

Quebec Hydro-Electric Commission,
Montreal, died on December 4, 1958.

Mr. McCammon was bom in Inver-

ness. Que., in 1888. He attended McGill

University, graduating with a B.Sc, de-

gree in 1912, following which he served

an engineering apprenticeship with the

Canadian Westinghouse Company Lim-
ited, in Hamilton.

Between 1912 and 1929 he worked
with Mackenzie Mann and Company in

Montreal; as a manager of the hydrau-
lic and electrical departments of the

Canadian Fairbanks Morse Company,
Montreal; and as contracting engineer

and director, with the Charles Walmsley

Company, Montreal. He joined the

Beauharnois Light, Heat and Power
Company in 1929 as assistant general

manager. For nine years from 1934 he
was a member of the Provincial Elec-

tricity Board and Quebec Public Ser-

vice Board. It was in 1945 that he re-

ceived the appointment to the newly
created Quebec Hydro Electric Commis-
sion.

Mr. McCammon served with the

Royai Canadian Garrison Artillery, the

Seventh Canadian Siege Battery, and
various British units, Royai Garrison Ar-

tillery, from 1916 to 1919.

Frank C. Tempest, m.e.i.c, who retired

in 1956 as mechanical superintendent.

Imperial Oil Company, Calgary, died

on November 28, 1958.

He was bom at Keighley, Yorkshire,

England in 1891.

During World War I, he served as

a dispatch rider for the 11 th Canadian
Field Ambulance, later transferring to

th^ Royai Navy with commissioned rank.

After the war he completed his educa-
tion at the University of Alberta and
late in 1922 he became draftsman for

the Imperial Oil refinery, then under
construction in Calgary. He was later

promoted to engineer. About 1926 he

was transferred to Royalite Oil Co.,

then a subsidiary of Imperial Oil Co.,

serving in Turner Valley as an engi-

neer. In 1931 he was sent to the Trop-
ical Oil Co., Columbia, S.A. where he
served until 1938 as a refinery engi-

neer. He rejoined the Imperial Oil Re-
finery at Calgary in 1940.

J. C. D. Taylor, m.e.i.c. of Winnipeg,
Man., died on December 29, 1958.

Bom in London, England in 1892, he
attended Baltimore Polytechnic Institute,

and studied civil engineering at the

University of Philadelphia.

After working for a year with the

Canadian National Railways, he joined

the Manitoba Drainage Commission.
Later he was municipal engineer for

West Kildonan, Manitoba.
From 1924 to 1930 he served as su-

perintendent with Canadian Engineer-
ing and Construction Company Limited.

From 1935 until the outbreak of the

second world war he worked on the de-

sign of the Winnipeg sewage treatmrnt

plant. During the war he was command
engineer. No. 2 Air Command, R.C.A.F.,

on the design of water supplies and
sewage disposal systems. In 1945 he
was appointed hydraulic engineer of the

City of Winnipeg.
In 1955 Mr. Taylor joined the firm of

Haddin, Davis & Brown Limited, at

Winnipeg.

Edward P. Innes, m.e.i.c, chief engi-

neer, Canadian Canners Limited, Ham-
ilton, Ont., died on August 22, 1958.

He was bom at Simcoe, Ont., in

1910. He graduated from McGill Uni-

versity in 19.34 with a B.Eng. degree in

mechanical engineering. He joined Can-

adian Canners Ltd., taking charge of

the engineering department. He was a

director of Canners Machinery Ltd.

During World War II, he served with

a technical liaison group at the British

Ministry of Supply, London, and was
promoted to major with the Canadian
Army in 1944.

Mareei Guy Lanouette, m.e.i.c. died in

July 1958.

Bom in Montreal on September 13,

1913, he attended Ecole Polytechnique

where he graduated with a B.A.Sc.

(CE.) degree in 1941.

From 1941 to 1945 he worked with

the Canadian Broadcasting Corporation.

He joined the Lower St. Lawrence
Power Company in 1945, where he
was distribution engineer.

He was vice-chaimian of the Lower
St. Lawrence Branch of the Institute.

William James Edington, m.e.i.c, re-

tired city engineer for the City of

Moncton, N.B., died on September 25,

1958.

He was born on March 10, 1889 at

Moncton. Graduating in civil engineer-

ing from the University of New Bmns-
wick in 1919, he joined the city engi-

neering staff. He became city engineer

in 1948.

W. J. Edington,
M.E.I.C.

In 1954 he retired from the post, but

was retained by the city in an advisory

capacity. He was engaged on a special

engineering assignment at the time of

his death. His service to Moncton
spanned 39 years.

He served in the Canadian Expedi-

tionary Force in tlie first world war.

M. J. Stanbridge, jr.e.i.c, of Winnipeg,

was the victim of a traffic accident in

the sumnier of 1958.

Bom in Winnipeg, Manitoba in 1934,

he attended Daniel Mclnt>'re CoUegiate

and the University of Manitoba, where
he was awarded his B.Sc, (Geol.) degree

in 1956.

THE ENGINEERING JOURNAL—MARCH, 1959 95



J. E. Sears, m.e.i.c. (civil, Queen's 1910)

has rctircd from his practice as an Oii-

t;irio Land Siirveyor ín the Huntsville

area, Ontário.

H. Graham, m.e.i.c. (electrical, Bradford,

England 1925) chief engineer, Public

Utilities Cominission, Victoria, B.C., has

been elected chairman of the Vancouver
Island Branch of the Institute.

\\. Graham, H. E. Seely,

M.E.I.C. M.E.I.C.

J. E. Harrington, m.e.i.c, president of

Anglin-Norcross Corporation Ltd., was
elected president of the Canadian Con-
struction Association for 1959.

W. J. Homer, J. E. Harrington,
M.E.I.C. M.E.I.C.

W. J. Homer, m.e.i.c. (B.Eng., niech.,

Saskatchewan, 1945) is chairman for the

Kitchener Branch of the Engineering In-

stitute for 1959. Mr. Homer is sales

engineer with Sheldons Engineering Ltd.,

Galt, Ont.

E. Mason, W. G. Small,
M.E.I.C. M.E.I.C.

G. M. Young, E. T. Harbert,
M.E.I.C. M.E.I.C.

W. D. Barron, m.e.i.c, (B.Sc, mining,

Queen's, 1943) has been appointed branch

manager for the Province of Quebec, by
T. McAvitv & Sons Limited, Saint John.

N.B.

Gilbert M. Young, m.e.i.c. (B.Eng.,

mech., McGill, 1934) has recently been
appointed vice-president and general

manager, Canadian Ingersoll-Rand Coni-

pany Limited, Montreal.

E. T. Harbert, m.e.i.c (B.Sc, mech., Mc-
Gill 1923) fonnerly manager of engineer-

ing, Canadian Ingersoll-Rand Company
Limited, Sherbrooke, Que., has been ap-

pointed works manager for the company.

W. A. Osboume, m.e.i.c, (B.A.Sc. , Tor-

onto 1924) has retired as president of

Babcock-Wilcox and Goldie-McCulloch
Limited, He has been elected vice-

chairman of the board of directors.

Ernest Mason, m.e.i.c (Manchester Coll.

Tech., 1922) chief design engineer of the

Consolidated Mining and Smelting Com-
pany. of Canada Limited, Trail, B.C., be-

came a consulting engineer of the com-
pany on January 1.

Lloyd Williams, m.e.i.c. (B.A.Sc., elec,

British Columbia, 1932) has been named
assistant to the manager of the engineer-

ing division, Consolidated Mining and
Smelting Company Limited, Trail, B.C.

W. G. Small, m.e.i.c (B.Sc, civil, Sas-

katchewan, 1924) has been named chief

instrument engineer, Consolidated Mining
and Smelting Compay, Trail, B.C.

Hugh E. Seely, m.e.i.c, of Robertson-

Irwin Limited, formerly of Hamilton,

has been appointed manager of the To-

ronto district sales for the company.

P. E. Savage, m.e.i.c, has been appoint-

ed regional vice-president of the eastern

region of the Dominion Bridge Compan\

.

Limited, in a reorganization of the Com-
pany creating four new regions. Each

region will be controlled by a regional

vice-president operating from the Nfont-

real head office.

Mackenzie McMurray, m.e.i.c, is the

new vice-president for the Ontário

Region of Dominion Bridge Compam

.

Limited.

E. A. Ford, m.e.i.c, has been named
vice-president of the central region of

the Dominion Bridge Company, Limited.

R. J. A. Fricker, m.e.i.c, will be region-

al vice-president of the westem region of

Dominion Bridge Company, Limited.

Robert S. Eadie, m.e.i.c, has been ap-

pointed vice-president and director of

W. A. Osboume W. D. Barron.

M.E.I.C. M.E.I.C.

engineering, Dominion Bridge Conipan\

.

Limited.

George H. Midgley, m.e.i.c, has been

named vice-president and manager of the

new marketing services group, Dominion

Bridge Company, Limited.

G. H. Midgley. P. E. Savage.
M.E.I.C. M.E.I.C.

NI. McMurray, R. J. H. Fricker.

M.E.I.C. M.E.I.C.

H. S. Eadie. E. A. Ford.

M.E.I.C. M.E.I.C.
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Strang 'meets" Pandjiris in Toronto

It's a daily encounter, as Kent Strang, a welding operator at our Toronto plant

gets down to work with the highly efficient and versatile Pandjiris automatic

welding manipulator, a portion oí which is seen in operation above.

Both Strang and Pandjiris are "tops" in their respectiva

íields — for in Toronto, as in 13 other Dominion Bridge

plants from coast-to-coast, skilled operators work with

up-to-date equipment of many types in the production of high

quality platework for £ilmost every Canadian industry.

Your inquiries will receive prompt attention at any of

the plants hsted below.

DOMINION BRIDGE COMPANY LIMITED. Plants: MONTREAL • OTTAWA
TORONTO • SAULT STE. MARIE . WINNIPEG • CALGARY. EDMONTON
VANCOUVER. Assoe. Company Plants: AMHERST, N.S.: Robb Engineering
Wks., Ltd. QUEBEC: Eastern Canada Steel & Iron Wks. Ltd. WINNIPEG:
Manitoba Bridge & Eng. Wks., Ltd. Divisions: Platework • Warehouse •

Boiler • Structural • Mechanical.

Platework by DOMINION BRIDGE



• PERSONALS

D. K. Brown, m.e.i.c. (B.Eng., mech.,

1944; M.Eng., 1951, McGill) has

beiMi transforred to Monsanto Chemical

Coinpany, Dayton, Ohio, as a mechani-

cal engineer in tlie researcli department,

research and engineering division.

J. R. Burgess, m.e.i.c. (B.A.Sc., mech.,

Toronto, 1910) recently retired from the

position of niechanical siiperintendent of

Canadian Wallpaper Maniifacturers Ltd.,

Leaside, Ont. He has since been en-

gagod as a clerk of works for Marani
and Morris on a project at London, Ont.

James M. Reid, m.e.i.c. (B.A.Sc., elec,

British Columbia, 1951) has become dis-

i

J. M. Reid, M.E.I.C. G. Eriksen, m.e.i.c. D. R. Bro%^Ti, M.E.I.C.

trict sales manager of the Pirelh Cabias,

Conduits Limited new sales office in

Vancouver.

J. W. Demeoe, m.e.i.c. (B.Sc, civil,

Manitoba 1939) is general superintend-

NEW DRDGING ECONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

À

3 Generations of Experience iii 19 Couivtries.

One of a large group of dredging companies
spread over three contineiits.

^ Resources include 41 dredges and 112

supporting vessels of every type and size.

Beover Dredging will be pleased to provide

information and preliminary estimafes.

COMPANY LIMITED
Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cob/e Address "Filling"

ent of the Southern Ontário District,

Canadian National Railways, with head-
quarters in Toronto.

J. H. Jackson, m.e.i.c. (B.A.Sc., cí\t1,

Toronto, 1947) is construction manager
at Otter Rapids, Ont., for the Hydro
Electric Power Commission of Ontário.

A. P. Wiles, m.e.i.c. (B.Sc, engrg. phys.,

Saskatchewan, 1946) has joined the

defense systems division, of RCA-Victor
Company Ltd., Montreal as systems

engineer.

(civil, Oslo, 192Õ)

the Ontário Watei
Resources Commission, Toronto.

G. Eriksen, m.e.i.c.

is an engineer with

B. Baribeau, m.e.i.c. (B.A.Sc., ci\il, Mon-
treal, 1943) who was in Paris, France,

as manager of European operations for

Defence Construction (1951) Limited,

has been transferred to Ottawa.

G. L. Wilson, m.e.i.c. (B.A.Sc., civil,

Toronto. 1951) is deputy township

engineer of the township of Etobicoke

in Metropolitan Toronto.

E. R. Quinn, m.e.i.c. (B.Sc, mech..

Queen's 1951) has joined Irving Pulp

& Paper Ltd., Lancaster, N.B. as main-

tenance engineer.

John L. Keams, m.e.i.c. (B.A.Sc, chem..

Toronto 1945; Ph.D., lowa State Col-

lege, 1954) is associate professor of engi-

neering science at the University of

Western Ontário, London.

Wm C. McLean, m.e.i.c. (H.N.C., mech.,

Glasgow Royai Technical College, 1946)

of Sarnia, Ont. h.is joined the Canadian
Chemical Company, Edmonton, Alta.,

as maintenance engineer.

G. N. Hutchinson. m.e.i.c. (B.Sc. elec,

Queen's, 1949) of Fort William, Ont., is

now a maintenance super\"i.sor with the

Universal C\clops Steel Corporation in

Coshocton, Ohio.

O. Graham, m.e.i.c. (C.E., civil, Ecole

Polyteohniiine 1921) is engineer stiper-

intendent witli Desonrdy Construction

Limited, \'ille Jacques Carticr, Que.

F. \. Lazenby, m.e.i.c. (B.A.Sc, cíníI.

Britisli Columbia, 1925) was recently ap-

pointed assistant chief engineer (execu-

tive) of B.C. Electric.

S. L. Kenez. m.e.i.c. (civil and general,

Nador, Hungar), 1942) has joined tlie
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City of Hamilton engineering department

as roadway engineer.

K. H. Bjerring, m.e.i.c. (B.Sc, elec,

Manitoba, 1934) has recently joined the

staff of Stevenson & Associates, archi-

tects and engineers, Calgary, as a mech-

anical engineer.

H. W. Nasmith, jr.e.i.c, (B.A.Sc., British

Columbia 1950; M.A., Washington Uni-

versity 1951) has joined the cônsul ting

engineering firm of R. C. Thurber &
Associates Ltd. of Victoria, B.C.

Donald W. Rae, jr.e.i.c, (B.Eng., civil,

McGill, 1956) has been named contract

sales engineer for Horton Steel Works
Limited in Montreal.

W. R. Lymburner, jr.e.i.c, (B.Sc, civil,

Alberta, 1950) is a project engineer for

Wilhs & Cunliffe Engineering, Victoria,

B.C.

D. R. Gilham,
JR.E.I.C.

R. Lymburner,
JB.E.I.C.

G. T. Trotter,

JR.E.I.C.

J. F. Preston, jr.e.i.c, (B.Eng., McGill

1950) resident engineer for the Du Pont

Company of Canada (1956) Limited

Maitland projects, has been transferred

to the company 's Sarnia projects.

G. T. Trotter, jr.e.i.c, (H.N.C.E., civil,

London, England, 1957) has accepted a

J. Renchko,
JR.E.I.C.

F. P. Linares,
jr.e.i.c.

J. F. Preston,
jr.e.i.c.

position as designer with Dominion
Bridge Company Limited, at Winnipeg.

D. R. Gilham, jr.e.i.c, (civil, Ports-

mouth, England, 1955) is subdivision

engineer in the township of North York,

Ont. He was previously with the City of

Hamilton.

Francisco de P. Linares, jr.e.i.c, (mech.,

Barcelona, Spain, 1956) is presently with

Massey-Ferguson Ltd., Toronto as indus-

trial export sales manager.

J. Renchko, jr.e.i.c, (B.Sc, elec, Saskat-

chewan 1949) has accepted a position

with Massena Electric Company, Mas-
sena, N.Y., as electrical engineer.

R. P. Baronet, jr.e.i.c, (B.Eng., mech.,

McGill, 1950) has become sales engineer

at Peacock Brothers Ltd., Montreal.

Represented in Canada by:

David McGill & Son Ltd.

16 St. Johns Road,

Pointe Claire,

MONTREAL, 33.

John Thompson-Leonard Ltd.,

P.O. Box 429, London, Ontário

and

62 Water Street, St. John,

New Brunswick.

There are two main types of Booth Steel Rolling Shutters

—

FIREPROOF in accordance with the rules of the Fire

Office's Committee; and WEATHERPROOF which are spec-

ially suitable for Garages, Workshops, Stores, Loading Ways,

etc. Booths specialise in electrically operated shutters for

large and unusual openings. These can be fitted with an

electro sensitive bottom rail which will stop the shutter and

reverse it to the fully open position should it meet with any

obstruction on its downward travei.

A shutter 15 ft. high can be operated or closed in less than

20 seconds.

BOOTH
STEEL ROLLING SHUTTERS
JOHN BOOTH & SONS (BOLTON) LTD.

HULTON STEELWORKS, BOLTON, ENGLAND.
Telephone: BOLTON 1195

London office: 26 Victoria Street. Westminster. S.W.l.

Telephone: ABBEY 7162.
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SPEED REDUCERS
AND CHAIN DRIVES

BELT
CONVEYORS

FOR EVERYTHING IN 1
CONVEYING, ELEVATING

AND POWER TRANSMISSIC
EQUIPMENT

You save time, trouble and money whcn one

supplier can meet ali your needs.

These are the advantages you get from Forano, because Forano

can recommend, design, manufacture and install ali of your

conveying, elevating and power transmission equipment.

Forano conveying equipment includes beit, cable, scrcw,

drag, apron and slat conveyors, as well as elevators.

feeders, trippers and the steel structure, if desired.

Forano also offers a complete range of V-belt drives, speed

reducers, rolier chain drives, spur and herringborK

gears, pulleys, centrifugal clutches, flexible couplings.

baseplates and outboard bearings

You'll find Forano equipment in cvery major ficid

of industry. Why not investigate

what Forano can do for you?

V BELT DRIVES

CATALOeun AV
ON Bceuin



• PERSONALS

J. Favron, jr.e.i.c, (B.Sc, mechanical

and electrical, Ecole Polytechnique 1952)

has accepted a post as air systems de-

signer with Grumman Aircraft Engineer-

ing Corporation, New York.

F. E. Macintyre, jr.e.i.c, (B.Sc, mech.,

Queen's 1949) is teaching at Glebe Col-

legiate Institute, Ottawa, as mathematics

teacher.

R. G. T. Wilson, jr.e.i.c, (H.N.C., elec,

Birmingham, England 1955) has joined

the Foundation Company of Canada Ltd.,

as electrical engineer, on the Inco pro-

ject at Thompson, Manitoba.

W. R. Coles, JR.E.I.C, (B.Eng., civil, Mc-
Gill 1951) is in Geneva, Switzerland, at-

tending the Centre d'Etudes Industrielles.

G. R. Begley, jr.e.i.c, (B.Eng., elec, Mc-
Gill 1956) project officer for National

Scientific Laboratories for ground con-

trolled approach radar installations of the

R.C.A.F., transferred in October 1958 to

H.F. Communications installations, em-
ployed by the Canadian government.

S. B. Smith, JR.E.I.C, (B.Eng., mech.,

McGill 1949; Eng.Sc.D., management en-

gineering, Columbia 1958) is the man-
ager of business policy and methods re-

search, semiconductor division, for the

Raytheon Manufacturing Company, Bos-

ton, Mass.

J. H. Westaway,
JR.E.I.C.

S. G. Bruskiewich, jr.e.i.c, (B.Sc, mech.,
Saskatchewan, 1956) technical officer in

the Royai Canadian Air Force has been
transferred from France to headquarters
in Ottawa.

A. M. White, JR.E.I.C, (B.A.Sc, mech.,
British Columbia 1949) has accepted a

position with the Kaohsuiung Ammonium
Sulfate Corporation Ltd., in Taiwan,
China.

R. A. Plouffe, JR.E.I.C, (B.A.Sc.,) mech.
and electrical, Ecole Polytechnique, 1951)

of the Quebec branch of Canadian West-
inghouse Company Limited, has been
transferred to the company's Montreal
office as manager, Agency and Resale,

Eastern District.

A. H. Ruel, JR.E.I.C, (B.Sc, civil, Ecole

A. M. White,
JR.E.I.C.

Polytechnique, 1953) is now resident en-

gineer for Beauchemin, Beaton & La-

pointe, Consulting engineers, Montreal.

W. C. Moffatt, JR.E.I.C, (M.Sc, mech.,

Queen's 1958) is at Massachusetts Insti-

tute of Technology to do post-graduate

work in mechanical engineering.

J. H. Westaway, jr.e.i.c, (B.Sc, mech.,

Queen's 1952) former project engineer

with Potash Company of America Ltd.,

Saskatoon has joined Dustbane Manufac-

turing Co. Ltd., Ottawa as manager, ma-
chine division.

C. V. MacLachlan, jr.e.i.c, (B.Eng..

elec, McGill, 1950) is manager of the

Public Utilities Commission at Ingersoll.

Ont.

S. B. Smith,
jr.e.i.c.

Taílíngs Pípe Lines at Consolidated Denison
At Consolidated Denison, in the Blind River Uranium field, and other mining áreas

throughout Canada, "Pacpipe" wire wound wood stave pipe has proven to be the

practical, economical conduit for tailings disposal and water supply.

PACPIPE Offers Many Advantages
Corrosion and Abrasion Resístant

Full Flowing • Flexible

• Requires no expansion joínt-s

• Rapid, economical ínstallation

"Pacpipe" wire wound, wood stave pipe can be
furnished with double steel couplings, wire

wound couplings or adjustable banded coup-

lings.

Write for free

Pacpipe" catalogue

WOOD PIPE Bc TANKS

14" Tailings Lines at

Consolidated Mva^wnr
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organiz-ations.

PRINCE EDWARD ISLAND
Officers Elected

The Association of Professional Engi-

neers of Prince Edward Island announce
new officers, as follows: president, L. A.

Coles, Summerside; vice-president, R. D.
Donnelly, Charlottetown; past president,

C. W. Currie, Charlottetown; councillors,

A. D. Cameron, J. L. Boomhower, C. H.
Stewart, and W. S. Veale, ali of Char-
lottetown.

QUEBEC
Engineeríng Activity in Quebec

Guillaume Piette, president of the

Corporation of Professional Engineers of

Quebec made some observations about
engineering recently.

We can anticipate, he said, that in

five year's time Quebec universities may
graduate 1,000 new engineers per year

as a result of the construction, by the pro-

vincial governnient, of the new Ecole

Polytechnique, the establishment of a

new School of Engineering at Sherbrooke
and major additions to existing engi-

neering faculties now underway or in

the planning stages.

Mr. Piette said that in Quebec, more
and more young men are turning to

engineering careers, as witnessed by the

tremendous increase in the enrolment
since the end of the war.

The Corporation, he said, had imder-

taken an infonnal survey to determine
the number and value of major engi-

neering construction projects ($1,000,-

000 or more) undertaken, underway or

completed in Quebec.
The survey uncovered some 150 such

projects representing a total value of

more than 2 billion dollars. Of these,

roughly half, valued at one billion

dollars, were in the Montreal area alone.

"This is far from being the complete
picture," Mr. Piette emphasized. The
figures represented only part of the

engineering projects being worked on in

1958. There are probably many other

projects of $1,000,000 or more. More-
over the sum of ali sinaller engineering

projects might raise the total figure to

well over $3 billion.

"And, of course, we have not taken

into account the equally iniportant but

more difficult to measure achievements
that are taking place in the fields of

manufacture and production", he stated.

"Tt is evident from the picture of the

province 's development in ali fields of

engineering during 1958 that most of

our engineer members were ver>' busy
indeed".

ONTÁRIO
Annual Meeting, January

Speaking at the annual meeting of

the Association, January 24, Col. T. M.
Medland, executive director, stressed the

need for an atmosphere "in which our

engineers may grow professionally by
providing technicans and clerical assist-

ance that will enable the engineer to

have time to think and to create". There
was also room, he said, for increasing the

awareness of professional attitude among
the profession.

It is for every professional engineer

who moves into management to remem-
ber that he still owes an allegiance and
obligation to his profession and its mem-
bers, and it is for the younger enginetr

to display a trust and confidence in

those for whom he works," he stated.

BRITISH COLUMBIA
Councillors appointed

B.C. Government appointinents to the

council of the Association ha\e been
made since the annual meeting in Dec-
ember. These councillors are: C. B.

Archibald, P.Eng., F. A. MacLean.
P.Eng., O. Safir, P.Eng., and M. A.

Thomas, P.Eng.

"Forward March"

Abstract of an editorial hij President

R. E. WHkins, from 'The B.C. Pro-

fessional Engineer", January, 1959.

Last year we ali recognized as being

one of economic consolidation, and right-

ly so. This year there are many signs

wliicli indicate we must ensure that our

professional development is such that

we will be able to contribute our best

to this inevitable and tremendous growth

of our province.

During the past ten years the number
of registered engineers within British

Columbia has increased b>' 100 per cent.

We now ha\"e 2,200 registered engineer"-

and the potential addition, within t\v()

years, of another 700 who are now
employed as engineers-in-training within

the province.

A large number of these engineers will

be participating as key men in the eco-

nomic de\elopment of British Columbia
and they can have a tremendous influ-

ence for good, perhaps a greater influ-

ence than an\- other segment of the

communit>'.

With this growth in our numbers and

our influence, we must not lose sight

of the fact tliat while our certificate of

registration entitles us to certain rights

and pri\ileges it also imposes upon us

\er>- definite obligations and responsi-

bilities. The extent to which our right

to practice is respected by odiers de-

pend-i both upon the deportment of the

indi\idual and the collective actions of

our Association. \\"e must strive contin-

uously for a higher standard of indi\ndual

competence, and greater stature and*

dignit>' for the Association.

Prior to 1949. the work of the .\ssoci-

ation was largeK' done by a comparative-

1\- small nmnber of engineers who self-

lessl\- dedicated a large part of their

time to de%eloping the finn foimdation^

upon which we ha\ e since built. We owo
these engineers a great debt of gratitude.

Since 1949 there has been an ever in-

creasing nmnber of engineers who, b\

service in an expanding number of com-

mittees of the Association, have made
man\- significant contributions. Thiis, it

is not necessar>- for a niember to be el-

ected or appointed to Council to l>e of

ser\ice to the Association. At best. Coun-

cil can ser\ e as a registration bod>' and

formulate and execute action on niatters

of major policy. There is a \ast amount
of other work to be done by committee^

and indi\"iduals.

Each niember of the .\ssociation lia^

an obligation to share in lhe work of

the Association and to contribute por-

sonalK' toward the enhancement of th<"

practice of professional engineering with-

in and without the pro\ince.

We ha\ e the organization; we ha\e the

strength; let us ali ni;u-ch forward in

unit\ and strive for a greater qualitx

and pride in our profession.
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Seal unit of one of the repeaters

of a transoceanic telephone cable.

t has a 20-year job 3 miles under the sea

Radiography reveals no foreign particles or voids in molded areas, shows fhe

ultimate contact of the molded insulation with seal to the central conductor.

Radiography shows the rubber seal and
molded parts are ready to take it

EVERY 40 MILES along a trans-

oceanic telephone cable, there

is a repeater—an electronic master-

piece designed to boost the message

along and made to operate 24 hours

a day for a minimum of 20 years.

Any foreign particles in the

molded parts of the seal could

reduce its performance. And with

sea water pressures up to 8000 Ibs.

p.s.i. to resist, the adherence of the

rubber seal areas to the central con-

ductor and outer metal shell must
approach perfection.

Radiography assists Western Elec-

tric to make sure that each repeater

measures up to specification.

Using Kodak Industrial X-ray
Film, Type AA, the radiographer

can inspect each repeater thor-

oughly, and quickly. This film has

the sensitivity and speed to enable

the work to be done even with low-

power x-ray equipment.

In ali applications, Type AA Film

is producing quality work in far

less time. It is extending the service

of present x-ray equipment, and
increasing production with gamma-
ray sources.

Have your x-ray dealer or Kodak
Technical Representative tell you
about it. It saves time and money.

CANADIAN KODAK CO., LIMITED, Toronto 9, Ontário

Kodak Industrial X-ray Film, Type AA
Read what Kodak Industrial X-ray Film, Type AA, does for you:

• Speeds up radiographic examinations. • Provides excellent uniformity.

• Gives high subject contrast, increased • Reduces the possibility of pressure

detail and easy readability at ali desensitization under shop

energy ranges. conditions.
: T8A0S MAR f
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NEWS OF THE BRANCHES

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

BELLEVILLE
D. A. Law, jR.E.i.c, Correspondent

John G. Todds, manager, operations re-

search, Northern Electric Co. Ltd.,

Montreal, addressed the branch on Feb-
ruary 9.

Operations research originated with the

niilitary during World War II, and was
adapted to industry in the early '50's.

Management problems can be solved

mathematically by using models fitted to

raw data and manipiilating relatively

conimon formulae to fit the problem
vvithin specified limits.

BROCKVILLE
J. R. Eastwood, m.e.i.c, Correspondent

Dr. Kenneth F. Tupper, president of

the E.I.C., was guest of honour at a

meeting of Janiiary 21. The members en-
enjoyed hearing his reminiscences of a re-

cent trip to Rússia.

CAPE BRETON
H. M. Aspinall, m.e.i.c, Correspondent

The annual business meeting took

place on December 10, 1958, in Sydney.
Elections resulted in the following

slate of officers: Chaimian, W. L. Dod-
son; vice-chair., C. A. Campbell; secre-

tary, H. M. Aspinall; treasurer, H. C.

Maitland; executive members, R. Bradley,
L. Boutillier,

J. Laffin, R. Bezanson, P.

Terry and J. Stevens.

This meeting also considered the set-

ting-up of a scholarship fund for the
benefit of engineering students in the
area.

Activities for 1958 closed with a New
Year's Eve party for members, wives and
friends.

FREDERICTON
Lyle W. Smith, jR.E.i.c, Correspondent

Donald Slack, engineer, maintenance of

way, Canadian National Railways, Adan-
tic Region, spoke at the meeting of
January 19, 1959. He described the
C.N.R. hump yard at Moncton, the
initial cost of which will be $17 million.

Great savings in operating costs will be
effected by this installation, and speedier
delivery of goods will result from ease
of handling large volumes of traffic.

HAMILTON
J. R. Currie, m.e.i.c, Correspondent

CaNADa's AIRWAYS OF THE FUTURE Were
illiistrated by Harold J. Connolly for

members of the Branch attending a meet-
ing of January 15. Mr. Connolly is direc-

tor of the construction branch, Depart-

ment of Transport, Ottawa.

Following a reception and dinner, the

Branch reports for 1958 were given, and
the installation of new officers took place.

The officers: H. G. Seely, chairman; R. G.

Stevenson, vice-chairman; J. R. Harbell,

secretary; new executive members, P. J.

McNallv, M. M. Kennedv, H. K. Crean,

and W. J. Hohn.

MONTREAL
K. L. Pinder, m.e.i.c, Correspondent

The te^^hnology of wine was con-

sidered by the Chemical Section at a

meeting of December 3, 1958, with the

help of guest speaker A. deChounac,
director of research T. G. Bright & Co.
Ltd., Niagara Falis, Ont.

Wine making being the first chemical
engineering process, it merits historical

study, Mr. deChounac believes. He des-

cribed the making of Canadian wines,

demonstrating with samples of Canadian
champagne, and illustrating with a mo\ ie.

NIPISSING AND UPPER
OTTAWA
D. J. Thornton, s.e.i.c, Correspondent

Low temperature Properties of Lnbri-
cants and Hydrauhc Fluids was the sub-

ject of a talk given by A. G. "Bert"
Almack, industrial sales manager of

Imperial Oil Limited, Toronto, at a meet-
ing of the Branch on December 9, 1958.
He covered: temperature \s. viscosity;

hydrauhc fluids, engine crankcase oils

and automotive gear lubricants, and took
part in an interesting discussion.

PETERBOROUGH
J. G. Hooper, m.e.i.c, Correspondent

President K. F. Tupper, and Mrs. Tup-
per, Dr. Gamet Page and Mrs. Page
visited Peterborough on January 15.

Highlights of the visit were: an after-

noon branch executive meeting with the

president; evening stag dinner for 65.

Dr. Tupper giving his impressions of the

Soviet Union and Dr. Page sho\\dng shdes

of their recent trip to Rússia. In addition

there was a cocktail hour and buffet

supper for Mrs. Tupper, Mrs. Page and
Mrs. Robertson, arranged b>' the

Women's .\uxiliary.

SARNIA
C. M. Stewart, jr.e.i.c, Correspondent

S.\RNiA engineers had the opportunit>- of

hearing Dr. Kermeth F. Tupper, E.I.C.

president, speak about Russia's strides

towards industrialization, on \o\ember
25. Dr. Tupper spoke of possible recipro-

cai \isits of Russian and Canadian engi-

neers and scientists.

The visit of Dr. Tupper and General

Secretary Gamet Page was made the

occasion of a diimer dance, attended by
some 100 members and their wives.

SUDBURY
F. Jackson, m.e.i.c, Correspondent.

Hydraulics in industry was the subject

discussed by C. F. Smith, manager,
manufacturing di\ision, Vickers. Sperry

Ltd., at a branch meeting of Februarv

12, 1959.

The first central oxtakio region.\l

TECHNicAL CONFERENCE was annouHced
by George Charlap, who is chaimian of

the organizing committee. The general

theme is to be Engineering Outlook in

Canada in the Xext Twent>- Years.

Graham P. Kemp, m.e.i.c, sale^ engineer

of Worthington Canada Ltd., talked te

the members at a meeting of Januar> 1.'^

on Design and Selection of Punips for

\'arious Service. He had some advice for

customers selecting pumps, and h«

answered questions after his address.

REGINA SECTION
The Winter Frolic was heJd Fridav

evening. Xoveniber 28, in the Shrint

Temple ballroom. Jim Crate, social

ihairman of the Reg:ina section was in

charge of arrangements for the social

season highlight. Ralph Cook. a memlxT
of the social committee. \^-as master of

ceremonies. Mrs. L. T. Holnies, social

chairman of the Professional Engineer

Wives, and her committee were in charge

of decorations.
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Superior Primary and Secondary
Crushers. Send for Bulletin 07B7870.

Hydrocone Secondary and Tertiary

Cruther. Send for Bulletin 07B7145C.

/

í
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r
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Only Allis-Chalmers gyratory
crushers have exclusive

Hydroset mechanism...

HUNDREDS of crushing operators around the world have im-

proved their plant efficiency and tonnage with Allis-Chalmers

gyratory crushers equipped with Hydroset mechanism. This remark-

able design feature has provided economy and convenience in

crushing a wide range of materiais — from andesite to zinc ore,

and including the crushing of taconite in the world's largest crusher.

No other gyratory crusher even approaches the time-saving advan-

tages of "one-man, one-minute" product control oflFered by Allis-

Chalmers crushers equipped with Hydroset mechanism.

'^One-Man, One-Mínute" product control

Hydroset mechanism raises or lowers the main-

shaft hydraulically in less than a minute — at the

flip of a switch.

Compensates for wear on mantle and concave

. . . saves hours of production time — with the íiip

of a switch.

Changes crusher settings in less than a minute

—

with the flip of a switch.

Clears crushing chamber in case of power failure

or other emergency — with the flip of a switch.

Your nearest CA-C Sales Office will gladly

give you ali the details. Or write Canadian Allis-

Chalmers Limited, P.O. Box 37, Montreal, P.Q.

CANADIAN ALLIS-CHALMERS <^
58-MM.2Superior, Hydrocone and Hydroset are AllU-Chalmers Irademarkt.
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• BRANCH NEWS
Aimiial uwards for engineering

.K-hievoiuent were presented to Lloyd

T. Holiufs, deputy minister, Saskatche-

wan Dt-partnient of Highways, Ken R.

l*attisi)n, city engineer, Citj' of Regina

and Karl W. Allcock, operating super-

intondont of the Saskatchewan Power
Coiporation.

TORONTO
C.ortlon V. R. Norton, jn. e.i.c,

Correspondent

Paul H. Mills, Q.C., spoke at the meet-

ing of November 20, on the snbject of

"'Some Observations on Engineering Con-
tracts."

Mr. Mills outlined two recent court

cases, concerning construction contracts.

The speaker reflected for a short time,

on his recent trip to Greece, and sug-

gested that engineers who were retired,

could find good use for their talent in

assisting under - developed countries

through the Colombo Plan.

The Brandi welcomed as guests to

this meeting the members of the

A.I.E.E., Toronto Section.

The annual meeting of the branch took

place on January 15, with 32 members
and guests attending. Chairman Harvey

A

long run

for your money

For conversions or new

equipment specify

rijTrim stock chaln drives.

Quiet, positive and smooth running,

they will give you years of

dependable, troubie-free service,

outlasting other types of

transmission many times.

Drives from fractional to

140 h.p. can be supplied

FROH STOCK in 25 different

ratios, easily selected from

chart in our

Catalogue Ref. 116/116

0'h'j 17" ceinres cnuld hc .iHou ed for this

dnve from motor to hejvy machttte and
a RENOLD stock chain drive easily transmits

the ntcessary power. RENOLD
STOCK

CHAIN DRIVES

Ad. No. 801

Chains, Wheels, Pínions

Chain Cases

Chain Tools

Couplings, Gears, Clutches

Reducers and Geared Motors

Represented by Hu^h J. 0'Neill Limited,
Noranda, P.Q., Timmins, Sault Ste. Marie,
Ont.y and E. S. Stepbenson Co. Limited,
Haliíax, N.S., Saini Johrt, N.B.

RENOLD CHAINS
CANADA LTD.
VANCOUVER WINNIPEG

LONDON HAMILTON TORONTO
MONTREAL THREE RIVERS OUEBEC

Self moved the business along at a hvely

pace.

F. G. Gardiner, Toronto's super mayor,
was the guest speaker, his timely subject:

Suburbia Explodes.

Students NiGHT was held in Hart House
on January 29, A. C. Da\idson chaired

the meeting which was arranged as a

quiz contest. W. Larri was the modera-
tor; the judges were E. Potter, M. J.

Simpson, and M. Kitchen; timekeepers,

G. Bonliam, and R. Shaeff. In the final

analysis the Mining engineers won out,

with Engineering Business a close second,

foUowed by the Mechanical boys.

VANCOUVER
J. J. Kaller, m.e.i.c, Correspondent

At a November 19 Meeting organ-

ized by the Structural Section R.

Clough, M.E.I.C., presented a lecture

on Welding Failures. Mr. Clough used
various examples of failure of welded
construction to bring out many points

necessan' for the sound design of

simple and complex welded structures.

On November 26 branch members
made a tour of the facihties of the B.C.

Telephone Company, with particular

emphasis on the B.C. portion of the

trans-Canada micro wave system.

At The December 3 Meeting,
Peter Schearer, a Swiss engineer, work-
ing on a snow slide and avalanche

problem at Glacier, B.C., gave a talk

on Avalanche Obser\-ation and Control.

The subject proved interesting to B.C.

engineers, who sometimes have to con-

tend with similar conditions. The Soils

Group collaborated in this meeting.

OTTAWA
.\. H. Gra\es, jh. e.i.c, Correspotulent

W. L. Keay. engineer in charge of sew-

age and drainage branch, Planning and
Works Dept.. City of Ottawa. discussed

proposed new sewage disposal plant to

be constructed at an estimated cost of

$8,650,000. Approximately 70 persons

attended, on Dccenilier 4, 19.58.

CENTRAL BRITISH COLUMBIA
A. F. Joplin, M. E.I.C, Correspondent

Les McLe.an spoke at a meeting on

January 30, on the subject The Expand-
ing Universe, The Amazing Universe.

Interest was shown in Mr. McLean s

subject by the many questions asked.

CHALK RIVER
C. .\. Crawford, jR E.i.c, Carresjyondent

Our Mr. Sun, the excellent filni pro\nded

by the The Bell Telephone Company.
was show n at a regular meeting of the

Branch on December 17.

FREDERICTON
L>lo \\". Smitli, )R. e.i.c, Corrextyt^mlent

The policv of pollition control and

its cffects on N.B. industrx- and citi/cns

was the subject of a panei disoussion at
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Typicalspeed regulation
curves for the Types K
and KL Variaíors. Type
KL ojffers a linear speed
regulatmg paitern, o/tea
an advantage in auto-
matic control applica-
tions. Output speed reg-
ulation of the Type K
Variator follows a geo-

melric progression pat-
tem. Starting at the min-
imum output speed, each
turn o/the speed regulat-

ing wheel produces a
fixedpercentage increast
in output sba/t speed.

The Cleveland Speed Variator
is availahle in 18 models rang-
ing/romfractional tolôHPat
1750 input RPM. Unit shown
at right, used in process con-
trol, has speed regulating
worm driven hy 75 KPM. syn-

cbronous motor, with adjusting
sbajt indicating mechanism
modified to actuate limit
su/ilcbes to prtvent overtravel.

CLEVELAND

SPEED VARIATOR
Accurately Provídes

Dependable, Infínítely

Varíable Speed Control

ANNOUNCED late in 1954, the new Cleveland
Speed Variator met instafit, enthusiastic acceptance.
Engineers and designers of industrial equipment
already have put thousands of units into use on
such varied equipment as cigarette making ma-
chines, textile machinery, metalworking machín-
ery, pharmaceutical equipment, transfer tables,

conveyors and experimental and testing equip-
ment of many types.

Infiniteiy variable, the Cleveland Speed Variator
gives stepless speed over a fuU 9:1 range—from
Vi to 3 times input speed. Output speed can be
adjusted by either a hand wheel on the Variator or
by manual or automatic remote control.

The Cleveland Speed Variator offers these major ad-
vantages:

1. An extremely compact unit with input and output
shafts in line and rotating in the same direction.

2. Almost any input speed up to 1800 RPM can be
used—either clockwise or counterclockwise rotation.

3. Rated for constant horsepower output over a 9:1 or
6:1 range; or for constant output torque over a 6:1
range.

4. Speeds infiniteiy variable over entire range of adjust-
ment.

5. No slippage—positive torque response mechanism
adjusts in direct proportion to the loads encountered.

6. Long life and minimum maintenance due to absence
of belts or complicated linkages.

7. Ample bearing support for overhung pulleys on both
input and output shafts.

Write for Bulletin K-200 for detailed description with
photographs, sectional drawings, rating tables and
speciíications.

HOW THE CLEVELAND SPEED VARIATOR WORKS
Power U fransmitted from input «hofl lo

output «hoft through olloy tteei driving
balis which are in presture contact with
diccs attached to the two shafts.

Relativo speeds of the shafts are adjusted
by chonging the positioning of axies on
which the balis rotate (diagrom, right,

"^JJJJC shows cutaway Variator with hand regu-
lating wheel).

"ff« rfie OWve rfcofs on the Ball,''

PEACOCK BROTHERS LI IT
SVDNEV • TORONTO

P. O. Box 1040 • Montreal
SUDBURY • WINNIPEG • EDMONTON • CALOARY • VANCOUVER
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• BRANCH NEWS
.1 inet-tiiig uu December 15. The speakers

were Dr. Bates, of the N.B. Water
Authority, Alwin Cameron, provincial

sanitary engineer, and Ronald Bemrose,
superintendent of Oromocto sewage dis-

posal plant.

The N.B. goveminent has legislation

covering vvaste disposal into rivers and
coastal waters, Mr. Bates reported. New
Bnniswick can avoid the serious trouble

encountered by other highly industrial-

ized areas, Mr. Cameron said. Atomic
pollution, in particular, would affect such
important N.B. resources as fishing and

the touríst industry.

Mr. Bemrose explained the operation
of the Oromocto sewage treatment plant,

which helps to prevent overpolliition of

the St. John river.

HALIFAX
W. J. Phillips, M.E.i.c, Correspondent

The annual meeting of the branch was
held December 15, 1958. The following

officers were elected: chairman, W. J.

Phillips, vice-chair., H. A. Marshall, sec-
treas., J. E. Reardon; executive, J. G.
Belhveau, J. R. Cameron, K. R. Mitchell,

^ '

STEAM TURBINE

Accurate speed

control at a

speeds

and loads

CHECK THESE

FEATURES:

Extremely compact, the BB-12 turbine is jusf

ovar 2 feet long.

10% speed adjustment while turbine

is running.

Water rates exceptionaliy low.

PowerfuI governor with balanced throttle

vaive provides accurate and stable speed

control at ali loads.

Built in overspeed governor with balanced

valve can be reset under full steam pressure.

Suitable for a wide range of speeds and powers.

Casing is subjected fo exhaust pressure only.

Standardized design—suitable up to 250 psig,

500°F. iniet conditions and 50 psig exhaust

—

available for quick shipment.

Low steam consumption drive can be provided

for siow speed machines by use of a gear

reducer.

BB-12 Performance Chart

STEAM 1 ILET P«E SURE

REVOLUIIONS PEfi

Above chart shows approximate

H.P. available from one and fwo

nozzle turbines at steam inief

pressure of 250 psig and zero bock

pressure.

Wr/fe fo-day for full information

on the BB-?2.

MECHANICAL DRIVE

m:jjAix'L'i.^vm STEAM TURBINES
BABCOCK-WILCOX and

GOLDIE-McCULLOCH LIMITED
GALT, ONTÁRIO. MONTREAL • TORONTO CALGARY • VANCOUVER

Nova Scotia Agent: Austen Bros., Limited, Halifax

G. MacD. HaUburton, B. E. Langley,

R. B. Webber, G. F. West, H. L. Archi-

bald, C. I. Cameron, H. W. Doane

LAKEHEAD
R. L. Wimperis, jr.e.i.c, Correspondent

The annual meeting of the Branch was
held on December 12. Reports from the

chairman and the committees on finance,

papers, entertainment and membership
showed a successful year, with good
attendance at meetings.

Elections resulted in the follo^wlng list

of officers: chairman, L. F. Mason-Tulby;
vice-chair., N. Paoline; sec.-treas., R. L.

Wimperis; executive, W. Hogg, W. B.

Sproule, O. Dodson, K. R. Johns.

LAKEHEAD
G. O. Hanson, jR-e.i.c, Correspondent

T. C. Keefer, field secretar>' of the

Association of Professional Engineers of

Ontário was the speaker on February 9.

His subject was the salar>- surxey con-

ducted in Ontário and Quebec. The
salar>' sur\ey will help to promete the

Professional status of engineers, renio\-

ing one barrier in the employer-employee

relationship.

D. B. McKillop gave a report of a

meeting of Council of the E.I.C. in

January. Mr. McKillop's belief was that

Confederation could be accomplished

witliin the next eighteen months. This

was welcome news to the Branch. J.

Ryhmes gave a brief report of a meet-

ing of council of the À.P.E.O. which

he had attended.

LETHBRIDGE
G. G. Campbell, m.e.i.c, Correspondent

A. E. Palmer, discussed Constniction

Methods in \\'est Pakistan at a meeting

of Januar>- 17. 1959. He has spent two

years in Pakistan on a Cxilombo Plan

appointment.

In constniction of dams. roads, irri-

gation works and buildings, manual

labour is used where\er possible. to

relie\e the 50 per cent imemplo\nient

figure

Remarkable progress has been made in

Pakistan to impro\e agricultural and in-

dustrial output. Paper and textiles have

beconic, in a \er\- short time, items

produced there and exported. The niain

purpose of increasing exports is to on-

able Pakistan to buy food from other

countrics.

PETERBOROUGH
J. G. HoorER. m.e.i.c, Corres^xindent

The br.\nch entertained the general

secretarx- Dr. Ganiet Page and Mrs. Page

on December 10. 1958. While Dr, Page

niot with the members, Mrs. Page xvas

entertained by the ladies' .\uxiliar\-.

Dr. Page re\"ie\N-ed the work of the

E.I.C, its purposes and objectixes. Dr.

Page also gaxe an interesting com-

mentarx to his f\\m ooxerage of his
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Pressure treated polés make low-cost,

durable pole type buildings possible.

ECONOMICAL...
DURABLE...
VERSATILE...

PRESSURE TREATED

WOOD PRODUCTS
Foundation Timbers and Pilíng • Wharves • Track Ties

Roof and Deck Planking • Bridges and Culverts

Poles and Cross Arms • Wood Block Floors • Guard Rails

Pole Type Buildings • Marine Structures • Mine Timbers

Canada Creosoting Company Limited— Canada's lead-

ing suppliers of pressure treated timber for every use

— is the firm to call, whatever your needs. Complete

timber treating and prefabricating facilities at your

Service . . . backed by 45 years experience in pressure

treating timber for long life, low upkeep. CAN-CREO
has a coast-to-coast network of plants and offices

serving ali parts of Canada.

FIANTS AT

Truro, N.S.

Delson. Que.

Sudbury^ Ont.

North Transcono, Man.

Calgory, Alto.

New Wesiminster, B.C.

Newcoslle, N.B.

Trenfon, Ont.

Síoux Lookouf, Ont.

Prince Albert, Sask.

Edmonton, Alta.

North Vancouver, B.C.

SAieS OFfICES AT

Truro, N.S.

Montreol, Que.

Toronto, Ont.

Winnipeg, Man.

Calgory, Alta.

North Vancouver, B.C.

Cali CAN-CREO for prompt shipment, lasting satisfaction

CANADA CREOSOTING COMPANY LIMITED
1400 METCALFE ST., MONTREAL, QUE.

DIVISION OF DOMINION TAR & CHEMICAL COMPANY, LIMITED
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• BRANCH NEWS

rcivnt \isit to tlie U.S.S.R.

Rffresliinciits were soived at tlie home
ot Mis. Miihert Sills, iintl r the auspices

i)f the 1 .adies' Aii\ihar>-.

\ ANCOUVER ISLAND
H. l'". Coupe, M.E.I.C., Correspondent

Kl.CK)U CONTROL AND HYURO ELECTHIC

POWER IN THE FRASER RIVER WaS the

siibject of a panei diseiission at a meet-

ing on Jaiuiary 21, 1959. Moderator was:

.\. F. Paget, M.E.I.C., provincial water

eoniptioller; panei menibers were: G. S.

Vndrews, T. A. J. Leach, and G. E.

Sinunonds.

The history of the Fraser River board

was outlined. There was also discnssion

of surveying methods, hydrology of the

watershed and flood control and power
developnient schemes, which forni parts

of the recently completed Fraser River

Board project.

CALGARY
Neil Carr, m.e.i.c, Correspondent

FlSH AND POWER ON THE RIVERS OF B.C.

was one snbjecl discussed at a meeting ot

Januar)^ 22, by the Hon. James Sinclair,

president, Fisheries Association of B.C.

W. F. McMullen, personnel manager,
Canadian General Electric Co., Toronto,

Ont., spokc on the snbject of Changes
in Engineering Utilization.

Mr. Sinclair spoke against damming
the Fraser river. The combined potential

of the Peace and Columbia rivers will

provide adeqnate power for 20 years,

in his opinion. The $80-million fishing

industry could be doubled in the next

50 years, if the river is not developed
for power, he said.

The role of the engineer is changing,

Mr. McMullen said, now that he is begin-

ning to have the aid of technicians, and
the use of computer as a tool. His job

is not to apply proven principies biit to

prove new ones, in the view of Mr.

McMullen.

WINNIPEG
P. M. Abel, jK.E.i.c, Correspondent

National resources planning in man-
iTOBA was summarized on January 29 by
S. W. Shortinghuis, assistant deputy
minister, Mines and Natural Resources,

Manitoba. The speaker described the

ainis, problems and policy in the fields

of forestry, fisheries, furs, water re-

sources, flood and erosion control, big

game, provincial parks, geologic sur\eys

and mining, and soil surveys, etc.

The speaker also commented on the

Arthur D. Little report, "Econoniic Sur-

vev of Northern Manitoba."
This was the annual meeting of tiie

branch, at which reports of the year's

activities were given. A new slate of

officers was introduced by the new chair-

man, W. L. Wardrop.

• OTHER SOCIETIES

Association of Consulting

Engineers of Canada

.\t die first phase of the annual meet-

ing of the Association, held on Febniar>-

16, C. C. Parker, m.e.i.c, of Hamilton.

Ont., was named president for the

coming year.

J. G. Frost, M.E.I.C, of Montreal, re-

tiring president, was heartily congratu-

lated wpon his work. \'ice-president of

the Association is R. R. Duquette.

M.E.I.C, Montreal; J. H. Ross, m.e.i.c,

Toronto, is honorar>' secretar>--treasurer.

The Board of Directors is now composed
of: C. C. Camithers, m.e.i.c, Toronto:

J. E. Dion, M.E.I.C, R. R. Duquette.

M.E.I.C, J. A. Keams. m e.i.c, Montreal;

N. H. LauTence, m.e.i.c, Edmonton; A.

D. Margison, m.e.i.c, J. H. Ross, m.e.i.c,

Toronto; C. C. Parker, m.e.i.c, Hamil-

ton. Ex-ofíicio members of the Board are

three immediate past presidents: J. G.

Chenevert, m.e.i.c, Montreal; J. F. Mac-
Laren, m.e.i.c, Toronto, and J. G. Frost.

M.E.I.C, Montreal.

R. G. Gould, secretary for the past

eight years has resigned. He is succeeded
by Col. J. M. Muir of Toronto.

The second phase of the annual meet-

ing will con\-ene June 9, 1959. at the

Ro\ al York Hotel, Toronto.

Fifth Nuclear Congress

Cle\ eland. Ohio. April 5-10. 1959.

DART
UNIONS

for efficient service

and economy

wo Bronze Seats Ground to a True BalIJointi

RT UNION COMPANY OF CANADA LT
TORONTO '••5--' CANADA

WHEN YOU USE

YOU GIVE YOUR BUILDING (P ÍE) ÍR)
*

THE BENEFITS OF ^ c» IT o L^O
co-ordinated plumbíng droinage

Roof Drains

Shock Absorbers
for pipe lines

Closel Cortieri

and Fittings

Leveleze Floer Drains

Backwoter Volvei

Greose Intercepton

Condensote Floor

Oroiíat

Surveys & Mapping Building, Ottawo, Ontário

OWNER: Federal Government,
Department of Public Works.

ARCHITECTS: Allward &
Gouinlock, Toronto, Ontário.

GENERAL CONTRACTOR: E. G.
M. Cape & Co., Montreal,
Quebec.

PLUMSINGCONTRACTOR: Winer
& Cliazonoff Contractors Corp.,
Montreal, Quebec.

ENGINEER: R. P. Allsop, To-
ronto, Ontário.

*A watch ... a machine . . . or a
basebal! team performs best when it is

well co-ordinated. Co-ordination is es-

sential. too. if a building or its plumb-
ing drainage system is to provide peak
performance.

For ease of installation. peak perfor-
mance and maximum life give your
building the benefit of *Co-ordinated
Plumbíng Drainage by Josam—it costs

no more than a mixture of products.
For full details including the latest de-
velopments in plumbíng drai?iage send
for Josam Catalog K.

JOSAM CANADA LIMITED
Executive Offices ond Moiiufactoring Division

130 Bermondsey Road • Dept I
• Toronto 16, Ontário

REPRESENTATIVES:
Halifax • Saint John • Quebec City ' Montreol •

Otfawa • North Bay • Toronto • Hamilton • London
• Windsor * Port Arthur ' Winnipeg ' Regina *

Edmonton ' Colgary • Vancouver
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the most powerfui data processíng system in its field

First fully transistorized IBM computer, the new IBM

Seven O Seventy provides remarkable operating features

for both business and science. Capable of handling com-

plex calculations and everyday accountlng problenns, the

IBM 7070 saves time, work and money.

Transistor design reduces space requirements, lowers ini-

tial costs and keeps your operating costs low. Also, it can

give you information on your business previously imprac-

tical to obtain because of the cost. This heips you make

decisions faster and heips you plan the growth of your

business on a sounder, more factual basis.

And unexcelled IBM services— ranging from program plan-

ning to personnel education—work for you, helping to speed

profitable operation and bring a maximum return on your

data processíng investment. For more complete informa-

tion on the new IBM 7070 call an IBM representative today.

IBM
INTERNATIONAL BUSINESS MACHINES COMPANY LIMITED

Don Mills Road, Toronto 6, Ontário

BRANCH OFFICES IN PRINCIPAL CITIES ACROSS CANADA

THE TRANSISTOR, BASIC ELECTRONIC COMPONENT OF THE NEW IBM 7070,

PERMITS LOWER INITIAL COST, LOWER OPERATING COST

MIW IBM
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LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY»REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prepared by the Library, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Library in New
York.

"modern safety practices

Stresses the need for designing safe-

ty programs to conform to modem man-
agement practices and newly developed

and tested concepts of safety organi-

zation and administration. The safety

program is presented in four phases:

the development of safe working con-

ditions; job hazard analysis and per-

sonalized safety training; promotion of

employee safety participation; enforce-

ment of safety rules. Among other fea-

tures, the book outlines consultative

methods for safety engineers. (R. De-
Reamer. New York, Wiley, 1958. SSTp.,

S7.00.

)

"iNTRODUCTION TO THE DESIGN OF
SERVO-MECHANISMS

Gives a basic explanation of stability

and feedback design, both single and
inultiple loop. The aiithor attempts to

provide a systematic approach to de-

sign problems and tlie principal per-

formance requirements entailed such as

harmonic response, time response, error

coefficients, and noise response. Atten-

tion is also given to the common as-

pects of non-linear operation, and an

appendix is included which covers

servo-mechanism components. (J. L.

Bower and P. M. Schultheiss. New
York, Wiley, 1958. 510p., $13.00.)

EMPIBE AND COMMONWEALTH YEAR
BOOK, 1958-9

The seventh edition of this iiseful ref-

erence work contains for the first time

a cost of living index for Common-
wealth countries, and a list of principal

banks in ali countries. The book is div-

ided into three sections, the first of

which contains miscellaneous infomna-

tion on Commonwealth organizations,

trade, conferences, etc. The second
section gives for each of the 80 coun-
tries and territories Information on ge-

ography, climate, history, constitution,

govemment, Communications, area, pop-
ulation, education, trade, etc. The final

section gives statistics on the produc-
tion of raw materiais and commodities
in the Commonwealth. (Ed. by R. S.

Russell. London, Newman Neame, 1958.

569p., 50/-.)

"eCONOMIC OPERATION OF POWER
SYSTEMS

A presentation of new analytical and
computing techniques that have resulted

in signifícant savings for electric Utili-

ties. The author shows how matrix meth-

ods are employed to derive transmission-

loss formulas, which form the basis for

computational procedures utilized in

digital computers. The application of

analogue and digital computers to the

problems of calculating transmission-loss

formulas and generation schedules is also

treated. (L. K. Kirchmayer. New York,

Wiley, 1958. 260p., $12.00.)

DIE WISSENSCHAFTLICHE FACHBIBLIOTHEK

This volume is written mainly for

Special Library librarians, who have no

formal training. It serves as a method-

ical introduction to the work, and as a

foundation for further development. It

discusses the position and the operation

of a library in an industry or a scientific

institution, and gives the basic concepts

and practices of daily library work. (J.

Bramer and D. Vogel, Leipzig, Veb Otto

Harrassowitz, 1956. 177p. DM 8,20.)

*KNOCKlNG CHARACTERISTICS OF PURE
HYDROCARBONS

A study of a wide variety of pure

hydrocarbons for the purpose of relating

their structures and physical charac-

teristics to their respective knock hm-
itations in engines. Various engine t>'pes

and operation procedures were utilized

to take into account the effect of these

variables on knock ratings. The study

was developed under the American

Petroleum Institute Hydrocarbon Re-

search Project. ( Philadelphia, American
Society for Testing Materials, 1958.

S.t.p. no. 225, 96p., $6.00.)

"theoretical electromagnetism

Covers tlie following áreas: electro-

statics, magnetostatics, electromagnetic

induction, MaxwelFs equations and cir-

cuit concepts, electromagnetic waves,

and a selected group of worked out

problems in electrostatics. Vector

methods are used throughout and the

rationalized meter-kilogram-second-cou-

lomb System of units has been adopted.

(W. R. Mvers. Toronto, Butterworth,

19.58. 274p., $8.50.)

PROGRESS IN CARGO HANDLING, VOL. 2

The emphasis at the Third General

Technical Conference of the Interna-

tional Cargo Handling Co-Ordination

Association reported in this volume was

on methods of improving the handling

of merchandise on board ship. The
papers and discussion in this section

covered the handling of general cargo:

research in cargo handling; the use of

the pocket elevator; stowage; and con-

tainer ship design.

The second symposium considered

the marking of general cargo, and tlie

handling of frozen meat. The tliird

symposium discussed containers, and

tiie fourth fruit handling. (Toronto.

British Book Service. 1958. 306p.,

$12.75.)

°VIST.\S IN ASTHO.NAtTICS. FIRST ANNIAL
AIR FORCE, OFFICE OF SCIENTIFIC

RESEARCH, ASTRONAtTICS SYMPOSIUM

The forty papers included in this

symposium are presented under six ma-

jor headings: re-entr>- problems of sat-

ellite vehicles, both dynamic and tlier-

modjnamic: tracking and Communica-

tions for satellites and otíier space ve-

hicles; environment and nieasurenients.

radiations in the high atmosphere; pro-

pulsion of space vehicles, including the

plasma jet; orbit study and control; hu-

man factors in connection with space

flight. (Ed. Morton Alperin and others.

New York. Pergamon Press, 1958. 330p..

$1.5.00.)

°THE PL.\SMA IN .\ MAGNETIC
field: .•v SYMPOSIUM on
MAGNETOHYDRODYN.\MICS

Papers examining how magnetic

fields influence and are influenced b>

plasmas. Section one deals with sim-

plification of the orbit analysis of im-

portant configurations, while section

two deals with the instabilit>- occurring

at the interface between a plasma and

a magnetic field. The concluding sec-

tion deals with the transfer of energ>-

bet\\een a magnetic field and a plasma.

(Ed. by R. K. \\. Landshoff. Stan-

ford, Calif., Stanford Uni\ersit>- Press,

1958. 130iJ., $4.50.^

''.\IRCRAFT .\Nn MISSILE PROPULSION,

VOL. 2

This volume, which Ls the second in

a series of three, discusses tlie methods

for anahzing and determining the per-

formance characteristios of the gas-tur-

hine power plant, the turboprop en-

gine. the turlx>jet engine, the ramjet

engine. and the liquid propellant and

solid propellant rooket engines. Deriva-
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SPECIFY
the only

cement lining ixiside

With no lining at ali

Uniined steel
heoters are sub-

iect to corrosion

even under nor-

mal service.

With plastic lining

There is no known
plastic or phen-

olic lining thot

will withstand
temperatures re-

quired for hot
woter service.

With ordinary concrete lining

^ Plain steel plates

soon lose pro-

tection, due to

c r o c k i n g a n d

chipping. Cracks

creote localized

corrosive cell

spots.

exclusively for Storage W^ter Heaters..

P-K PRE-KRETE*
Every cement-lined storage woter heater

bearing the P-K name-plate is factory-lined

with Pre-Krete. Pre-Krete is completely utiiform,

Without weak spots or "holidays," because it is

thoroughiy blended in special P-K equipment. It forms a strong,

durable coating, thick, that prevents rust and corrosion, ond

provides high resistance to thermal shock. Pre-Krete will not chip, crack,

or fiake even at temperatures up to 900°F.

You get a comprehensive guarantee on every P-K Storage Water Heater

Every P-K Pre-Krete Lined

Storoge Woter Heater is fully lined

including monhole, cover plate

ond heating element nozzle.

Specify P-K Pre-Krete lined and you get a storage water heoter on which ali materiais and
workmanship are fully guaranteed to be first-class in every respect, and you have the P-K

assurance that every heater bearing its name will heat its rated capacity of water. For full

details, write for your copy of Catalog Number 19 to Patterson-Kelley, i903 Linton Street, East

Stroudsburg, Pennsylvania. 2

LiJ •

Canadian distributors for the Patterson-Kelley Co., Inc.

SARCO CANADA LIMITED
61 1 GERRARD STREET E., TORONTO 8, ONT.

Foctory at Claremont, Ontário * Branches in Principal Cities
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...theyVe natural partners!

Integrated Data Processing — IDP — is the

modern antornaiion method of mechanizing paper-

work. By a single typing, paperwork can be

integrated between locations through teletype.

Thus, with IDP and Bell Teletype you can
distribute data (orders, reports, etc.) across the

city or across the country through one simple

operation.

Moreover, this time-saving method is based on
today's modern "mechanical languages", so the

punch tape shown here can actuate many diíferent

types of business machines, increasing still further

the usefulness of IDP.
With maintenance service as close as your local

telephone office, Bell Teletype equipment is

your dependable Communications component of

IDP systems.

Consult Bell communication specialists on how
data processing can be integrated between offices,

factories and warehouses.

For the bookiet "BELL TELETYPE S Place In Your IDP

Program", write or phone (collect) to:

MONTREAL-

TORONTO

lOtiO University St.

Tel. UN 6-3911-

.393 Universitv Ave.
Tel. EM 8-3911-

Ext. 2981

-Ext. 21.^1

BELL TELEPHONE COIVIPANY OF CANADA

• LIBR.\RY NOTES

tions of the principal equations are ex-

plained in detail, and a large number
of exercise problems are included along

with the answers. A considerable num-
ber of references are included at the

end of each chapter. (M. J. Zucrow.

New York, Wiley, 1958. 636p., 813.00.

DESIGN OF Am CONDITIONING SYSTEMS

Intended as a companion volume to

the author's Design of Keating and
Ventilating Systems, the emphasis in

this book is on techniques of soKing
problems in air conditioning. Graph-
ical Solutions are given for many of the

equations, and the use of the graphs

will eliminate much calculation. The
book co\ers ps\clirometrics. the cooUng
load, solar energy, comfort le\'els, air

flow through ducts and fittings. the

noise problem and panei cooling design.

(F. W. Hutchinson. New York. Indus-

trial Press. 19.58. 336p., $7.00.

)

ELECTRIC FURNACES

The industrial applications of electric

furnaces are discussed in this \olunie

wliich commences with a brief descrip-

tion of the three types: are and in-

duction for high temperature; induction

and indirect resistance for low teni-

peratures; and high-frequency capaci-

tance heating and indirect-heat resist-

ance furnaces for non-metaUic materiais.

The industries considered include metal,

glass, pottery and plastics. This is a

most useful volume. (Ed. by C. A.

Otto. London, Newnes, 1958. 248p..

35/-.)

LINEAR PROGR.-VMMINC. FUNDAMENTAU*
AND .\PPHCATIONS

Intended priniarih' for managcnient.

this volume presents die fimdamentals

of linear programming and its applica-

tions in non-technical language. After

a brief introductory section. the setxjnd

section considers methods u.sed. includ-

ing two developed by the authors. and
a time-saving refinement, MODI, of an-

other of their methods. In the chapters

on applications, examples are taken

from actual case studies. There is a

useful bibliography, and the appendix

contains a matliematical description of

the Simplex Method, and a comparison

of the Simplex and Modi Methods. ( R.

O. Ferguson and L. F. Sargent. Toron-

to, McGraw-Hill, 1958. 342p., $10.00

*BEMESSUNGSVERF.\HREN, 16tH ED.

A manual of design procedures whioh

are in accordance \\ith the specifica-

tions and codes of the German Qnii-

mittee on Reinforced Concrete. It oo\ ors

exterior forces on stnictures. bending.

torsion, shear stresses, bond strcssos.

materiais, flat slabs, special reinforci^-

ments, and various special cases such

as roof slabs \\ith glass inserts. The
text is preceded hy a list of the per-

tinent German ( DIN ) standards. ( Bon-

no Loser, rev. by Helmut Lxiser. Bor-

lin, Wilhelm Ernst and Sohn, 195S

351p., 26 DM.)
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Sulphuric Acid Plani

for Sulphuric Acid Lfd.

at Adelaide in Austrália.

Jo SsihvsL CANADIAN INDUSTRY

Shaft winder head trame

and winding water house

af a Brifish Coal Mine.

;
^f^Simon-Carves and subsidiary comparíiés, T)esigneísv

Engineers and Contractors to World Industry for over

-;;three quarters of a century, have now established a

Canadian office.

" ';;Their services, employed in the construction of com-

plete plants, cover an exceptionally wide range of

industries including Mining, Coal, Iron and Steel,

Power Generation, Chemical and many others.

To cite one example, Simon-Carves have designed,

engineered and built, in the last quarter century. over

one hundred sulphuric acid and other chemical plants

in twenty-two different countries.

Their experience and advice is always available.

Write for illustrated brochure detailing engineering

activities of the Simon-Carves Companies to:

—

DESIGNERS, ENGINEERS and CONTRACTORS to

WORLD INDUSTRY

ENGINEERING SIMON-CARVES LTD 670 BAYVIEW AVE., TORONTO 17, ONT.

CABLES-SIMCAR-TORONTO

TELEPHONE HU. 7-3626
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LINK UP BRAHCHES
cjmt-tíy- cjmt wtk

P RIVATE

INTERESTED

ín IDP ?

At the heart of
Integrated Data Pro-

cessing is Private Wire
Teletype which provides

the interconnecting link

between ali standard

business automation
machines using common
language tape.

Your CP-CN representa-

tive will be glad to give

you a clear, simple ex-

planation of how o

custom-made com-
munication system will

fit in to your IDP

programme.

CP-CN Teletype service links

branches and Head Office . . .

brings supply points as near as

your Teletype . . . lets you expedite

orders and keep inventories low by
transmitting orders instantly and
accurately.

Private Wire Teletype can benefit your
business in these and scores of other ways.

Installations are custom-made to suit your
business . . . you have no capital outlay, no main-

tenance, no depreciation on this rented service.

For full information, please call your nearest tele-

graph office.

Línked With Western Union for Canodo-U.S.A. PW Service.

CANADIAN^W
PACIFIC

—

—

SERVICE

• LIBRARY NOTES

l^ONING EXPLOSn'ES

Intended both for students and tho^

engaged in mining and quarr>-ing, thií

volume commences with a brief review

of the history of explosives. The nerf

six chapters describe the characteristics,

composition and construction of blasting

explosives and accessories. The next

four chapters covers blasting in coll -

eries, metalliferous mines, quarries ar

opencast workings. The final chapte:

deal with the storage and transpwrt r f

explosives, and accident prevention. Tht

text is iUustrated with line drawingí

The authors have had considerable ex-

perience in the field. ( R. McAdani and

R. Westwater. London, Oliver and

Bovd, Toronto, Clarke. Irwin. 195S.

187p., $4.75.)

ELEMZNTABY RZINFORCED
CONCRETE DESIGN, 2nD ED.

This new edition includes a comprt-

hensive treatment of the load fact :

method of design permitted in the 19""

British Standard Code of Practíce on tl

structm-al use of reinforced concrete ii-

buildings. The Load Factor and Elastic

Theor>- methods of design are compared.

and chapters have been added deaUng
with retaining walls, prestressed con-

crete and beams of non-rectangular cross

section.

The text is intended primarily for stu- í

dents. The topics covered include gener..'

structural mechanics, slabs and bean;-

columns and their footings. stairca.vt^

and hollow tile floors. (W. Morgan
Toronto, Macmillan. 1958. 408p., S4.75

•pROGRESS Di SEMICONDUCTORS : VOL.

A selective review of current develo;

ments in tíie field of semiconductor^

that discusses tlie foUowing topics: tht

niagnetoresistivit> of germanium and

silicon: electronic conducti\it>- of siber

halide cr>stals; silicon junction diodcs

lifetime of excess carriers in seniicondu^ -

tors; chemical purification of gcnnaniuivi

and sihcon; scattering and drift mobilit>

of carriers in germanium; electronic pro-

cesses in cadmium sulphide. ( Edited b>

.\. F. Gibson and others. New York.

Wiley. 1958. 210p., $8.50.)

"rEFEREXCES on F.-VTIGUE

A list of references to articles pubhshed

in 1957 dealing with fatigue of stnic-

tures and materiais. References are s>

arranged diat sheets can be cut apa:

for filing according to an\- desired pl.i;

Brief abstracts are included when readíl\

available. ( Philadelphia, American So-

ciety for Testing Materials. 1958. 64p

(s.t.p. no. 9-1) S3.00.)

" report on ELEVATED-TEMPER.MT.TIE

PROPERTIES of CHROMn^M STEELS

.\ graphic sunimar\- of the elex^ated tem-

perature strength properties for chroin-

ium steels (12-27 per centl. It includev

data on tensile strength. vneld strength.

clongation. rupture. and creep properties.

Twent\-three allo\s are covered rang-

ing from 12 to 27 per oent chrominni

( Philadelphia, American Societ> for
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TORRINGTON NEEDLE BEARINGS
FEATURE:

full complement of retained roll-

ers

' unequalled radial load capacity

' low coefficient of starting and
running friction

' low unit cost

' long Service lite

' compactness and light weight
• runs directiy on hardened shafts

' permits use of larger and stiffer

shafts

Heres Why Torrington Needle Bearings

Provide Maximiim Radial Load Capacity

The Torrington Needle Bearing's full complement of small diameter rollers

provides the largest possible number of bearing contact lines in the load zone.

This feature gives Needle Bearings a higher radial load capacity than any

other bearing of comparable size. Precision rollers ensure smooth anti-friction

performance with low coefficient of starting and running friction, to match this

unequalled capacity. Rollers are positively retained by the turned-in lips of the

outer shell, permitting simple, economical installation and assembly.

Torrington experience spans twenty years in design and application of

Needle Bearings to equipment of ali types. This experience is at your disposa!

to help you secure the ultimate in performance built into every Torrington

Needle Bearing. The Torrington Company, Limited, 925 MUlwood Road,

Toronto 17, Ont., Canada.

TORRINGTON BEARINGS
District Officcs (iihI DiatrihKtors in Principal Cilies of United Stalcs and Canada

NEEDLE . SPHERICAL ROLLER • TAPERED ROLLER • CYLINDRICAL ROLLER • BALL • NEEDLE ROLLERS • THRUST
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HOT SPOT
in your plant?
Guard dip tanks, spray booths, record vaults against the danger

of fire! Guard them 24 hours a day with a Kidde fully-automatic

Carbon dioxide fire extinguishing system. Finest fire protection

on the market today, Kidde systems give you tiiese outstanding

features that come from more than thirty years' experience!

AU operating parts completely enclosed to guard against
fouling or accidental operation.

No clumsy triggering methods or falUng iveights.

Self-contained; no outside power needed.

Visual indicators to show if system has been operated.

Easy testing of all operating parts.

No parts to replace after operation or test.

Fast-acting, clean carbon dioxide does the job that no other

extinguishing agent can do: snuffs fire out in seconds, then van-

ishes into thin air. Won't harm valuable machinery, leaves no

mess to clean up. Write for Kidde's pressure operated carbon

dioxide fire extinguishing systems booklet today.

Walter Kidde & Company of Canada Ltd.

Montreal—Toronto—Vancouver

• LIBRARY NOTES

Testing Materials, 1958. 113p. (s.t.p.

no. 228) $4.25.)

°COASTAL ENGINEERING, PROCEEDINGS OF
THE SIXTH CONFERENCE, 1957

Papers dealing with wind, waves, and
wind tides, with considerable emphasis
on the hurricane; coastal sediment prob-
leins; coastal engineering problems;
coastal structures and related problems;
including breakwaters, wave absorbers,

and sea walls. The theoretical aspects

of the subject are covered as are spe-

ciííc problems in various localities.

( Richmond, Council on Wave Research,
' Engineering Foundation, University of

Califórnia, 1958, 896p.)

ON THE OLD UNES; LOCOMOTI\"ES
ROUND THE WORLD, 2nD ED.

The author's personal record of the trains

he has seen in thirty-seven countries.

His photographs are nearly all of steam
trains — he has httle use for the diesel

—and include coal buming, wood bum-
ing, narrow-gauge, wide-gauge, mountain
railroads. Mr. Allen is fascinated by his

subject, and so will his reader be. This

second edition includes more photographs
from Africa and México. (Peter Allen.

London. Cleaver-Hume, 1958. 190p.,

25/-.

)

STUDY OF SEVílRAL AEROTHERMOEL.\STlC
PROBLEMS OF AIRCRAFT STRUCTURES IN

HIGH-SPEED FLIGHT

The emphasis in tliese reports is on dy-
namic aeroelastic effects. The first sec-

tion deals widi temperature uitliin the

structure, and stress and stiffness anal>-

sis of structures with temperature gradi-

ents. The second section considers

I

aeroelastic phenomena, and discusses the

I
determination of frequenc\' response sur-

í face influences, flutter analysis, and panei

flutter. This is a thesis written for the

Eidgenossische Technische Hochschule in

Zurich. (J. C. Houbolt. Zurich, Lee-

mann, 1958. 108p., 12 Sw. Fr.)

"thermodvn.^vmic properties of
WATER AND STEAM, 6tH ED.

FoUowing preliminar)- material on the

association theor\' of real gases, super-

heated steam, and tlie thermodxnamic
relations for dry saturated steam and

j

boiling water, tables are gixen for the

j

tíiernuxKnamic properties of water and
steam up to pressure of 800-1000 ata
and temperatures of lOOO^C. In .setting

up the tables for the high temperatures,

the authors ha\e extrapolated certain

values from die experimental data a\ail-

;

able. The book is in four languages.

Enghsh, French, Russian and German.

{

printcd in adjoining colmnns. (M. P.
' \'ukalo\atch. Borhn,"VEB \"orlag Tech-

nik, 1958. 245p., 20 DM.

)

°CREATIVE THINKING

The major portion of the book is ctín-

cerned witli operational techniques of

Creative thinking, including group dis-

cussion methods and anahlical or me-
chanical techniques that groups ha\-e

found usi^ul in stimulating new ideas.
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Eye openers
Skí Blind River

Ruston diesel mines iocos cut hauiage costs and speed developnnent
In the Rio Tinto Uranium iVlines, in the Algoma Distríct of Ontário.

Eight at Milliken Lake. Five at Algom "Quirke" and three at

"Nordic". Ten at Northspan "Lake Nordic". Five at Pronto. These
Ruston mines Iocos are getting around fast, and for very good
reaSOnS. )^ Over forty Ruston underground diesel

They save money—a lot of money—on labor, fuel and mainte- /ocomofives are in serv/ce or on order

nance. They do more—they give a longer, more reliable service mines in the Ellioi Lake Area alone.

than any other Iocos ever made.

Proof? Drop a line to R. & H. Toronto or your nearest Ruston
Agent. They'll show you plenty!

diesel mines locomotives
IVlodels from 3^ to IO tons— for naked fiame and gassy workings.

RUSTON & HORNSBY LTD • TORONTO
DISTRIBUTORS

NEWFOUNDLAND: Steers Ltd., St, John's. NEW BRUNSWICK & NOVA SCOTIA: Atlantic Bridqe Cn. Ltd., Lunenhnro. M S. QUERFC A EA^TERN ONTARin- Ruston &
Hornsby Ltd., Toronto. WESTERN ONTÁRIO (LAKEHEAD): Northiand Machinery Supply Co. Ltd., Fort William. MANITOBA & SASKATCHEWAN: Mumford Medland Ltd
Winnipeg & Regina. ALBERTA: Federal Equipment (Western) Ltd., 13120-125th Avenue, Edmonton. BRITISH COLUUBIA: Walkem Machir ery & Equipment Ltd Vancouver'
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( specify ;

moRRison
GAUGES

for Complete Dependabilíty

Precision engineered Morrison Gauges give long, trouble-free

service under the most rugged operating conditions.

Individually calibrated to ensure pin-point accuracy, they
are completely protected from dust, vapour and moisture by
durable bronze, iron or phenol plastic cases. Diais are
distinctiy numbered for quick, easy reading. Morrison Gauges
are made of the finest components and assembled by the

most modern manufacturing methods. Whatever your gauge
reqoirement, be it for woter, steam, gas, oil, ommonia,
gasoline or hydraulic; for high or low pressure operation,

you will be sore of complete dependability when you
install a Morrison Gauge.

MORRISON'S policy is to give the ultimate in customer service.

To accomplish this, jobbers are carrying adequate inventories

of our various products in ali large centres throughout the

Dominion. To support our jobbers we have stocks of finished

parts and completed items in our main warehouse and
factory at 276 King Street West, Toronto. Ali MORRISON
products are packaged for easy identification.

Figure 4762 — with Bronze tube

and stainless steei movement.

Figure 4774 — with screwed-in monel

tube and stainless steeI movement.

You will find Canada's largest selection of Bourdon type Pressure,

Vocuum, Altitude and Compound Gauges at Morrison Brass distributors,

locoted in ali major centres from coast to coast.

Catalogue Available on Request

Distributors across Canada

• LIBRARY NOTES

Among those methods presented are the

Gordon technique and brainstorming.

The book concludes with descriptions of

programs used by various corporations.

(C. S. Whiting. New York, Reinhold,

1958. 168p., $3.95.)

c;as tubes

Another in the basic electronics series

issued by this pubhsher, this volume cov-

ers ionization in gases, gaseous rectifiers,

gas tube voltage regulators, thyratrons

and other types of gas tubes. The book
is intended to explain die fundamentais

of gas-tubes and their appHcations in

electronics. ( Ed. bv A. Schure. New
York, Rider, 1958. 72p., $1.50.)

Commencing witíi an explanation of the

four concepts of the nature of Ught, cor-

puscular, wave, electro-magnetic and
(luantiun, the book also covers in more
detail reflection, refraction, the wave
nature of light, the spectrum, both vis-

ible and invisible, optical instruments

and ilhunination. ( A. Efron. New York,

Rkler, 1958. 127p., S2.25.

)

FUNDAMENTALS OF TRANSISTORS, 2nD ED.

Tliis revised edition includes material on

the tlieon.-, construction and operation

of semiconductor devices such as sur-

face barrier, intrinsic, drift, avalanche

and spacistor tNpes. The topics covered

include semiconductor physics, the

grounded base transistor, the grounded

emitter and groimded collector transis-

tors, traiLsistor amplifiers and oscillators,

and transistors at high frequencies. Ref-

erences are included. (L. M. Krugman.

New York, Rider. 1958. 168p.. S3.50.)

BASIC PULSES

A very basic "picture book" introduc-

tion to pulses, requiring some knowledge

of electronics. It explains the composi-

tion, shaping technitiues, measurement.

generation and application of pulses, and

is suitable for students, technicians and

otiiers wishing to stiidy the subject at

home or in cíass. (Ir\ing Gottlieb. New
York, Rider, 1958. 175p., $3.50.)

•PUOCESS DYNANUCS

An examination of the characteristics

of processes under unsteady-state condi-

tions or in rcspon.se to periodic disturb-

ances. Tliose aspects treated include kine-

matics of materiais handling; fluids in

motion; forming, propulsion, and guid-

ance; thcrmal process dynamics; mass

transfer d\ namics; chemical proce^s d>-

namics, \ spccial fcature is the ooverage

gi%en to methods for oontroUing process

operatioiís involving moving filaments,

sheots and \\cbs. (D. P. Camplx^ll. New
York. Wilcy, 19.58. 316p., $10.50.1

"QUALITY VALVES 5INCE 1864"

,z^ moRRison brass
276 KING ST. W„ TORONTO, ONT.
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Re-iruroducing Pe'p & E<ldie
Regislered Trade Mark FE Pipe

Beauty by Sheila Bitting
Stage & TV Siar

Pete: "AH the nice girls Inve a sailor . .

Eddie : "Sailing, sailing, over the bounding main..,""

Sheila: "Get together boys, p-l-e-a-s-e! Try it the

tvay Plain End Vitrified Clay Pipe goes

together—just like that!"

USE

PLAIN END VITRIFIED CLAY PIPE

FITTINGS & COUPLINGS

No iirfiltration No exfiltration Root-Proof forever

Plain End Pipe from 4" te 24"

NATIONAL SEWER PIPE
Sa/ai Office
P.O. BOX 18,
OAKVILLE, ONT.

LIMITED

"STRONGER THAN THE BOLT'

C I N C H
EXPANSION
BOLT-
ANCHORS

CINCH Expansion Anchors are unsurpassed for fastening
bolts in concrete, sfone, or other sound materiais. They
are quickiy and easily ínstalled and provide a pernnanent
anchorage under all types of load conditions. Made for

3/16" to 3" diam. bolts. Full data, stress tobles etc. on
request.

Canadlan made by

CANADIAN CINCH ANCHORING SYSTEMS LIMITED

2095 MADISON AVE., MONTREAL, QUE.

Buy Canadian

because it'$ best

STEEL behínd all

industrial growth

'

for steel ín any form . .

.

MANITOBA BRIDGE AND
ENGINEERING WORKS LIMITED

WINNIPEG, MANITOBA.
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• BRIEFS

are Roy A. Nicholson Limited, Burling-

ton, Ont. and Lord and Burnham Com-
pany Liniitod, St. Catharincs, Ont. It is

cstimated that the tilm will last three

wintors and two summors on roof sur-

faces and five years on vertical exposures.

It lias becn designcd to withstand tem-

peratures ranging from -60 degrees to

200 dcgrccs Fahrenlieit.

Hexagon Bolls. — The Steel Company of

Canada, Ltd., Hamilton, Ont. has an-

nounced an important fastener industry

simplifícation. The standard square head
mathine bolt and cap screws are being

replaced in sizes 'A" through 1" diameter

and 6" and shorter with a hexagon head

and hexagon nut to be known as "Hexa-

gon Bolts".

It is claimed that the advantages are

improved quality, better appearance,

lighter weight, easier and faster work on

the assembly line. These new products

will also siniplify specifications and num-
ber of parts required for stock. For fur-

ther details write to the company.
DuPont Sales — DuPont Company of

Canada Limited has annoimced its sales

in 1958 amounted to $81,680,000, an in-

crease of 12 per cent over the previous

year.

Raílway Wage Agreement — Wage in-

creases totalling nearly 10 per cent are

incliided in the terms of a three-year

agreement reached between the Cana-
dian National Railways and 21,000 of its

employes represented by the Brotherhood

of Railway Trainmen. The agreement
calls for wage increases in four stages

and a number of rule changes. Tlie em-
ployes affected are trainmen, conductors,

baggagemen, brakemen, yardmasters,

yardiielpers, switch tenders and yard-

foremen.

Pirelli Expansion — Pirelli Cables, Con-
duits Limited has opened a new ware-

house in Montreal, which has doubled
the usable floor area to over 17,000 sq. ft.

This new warehouse is one of a chain ex-

tending from St. John's, Newfoundland
to Vancouver. In ali branches heavy wire

and cable stocks are kept on hand.

Oominion Bridge Change — Dominion
Bridge Company, Limited recently an-

nounced that owing to the widening
activities of its wholly-owned subsidiary,

Standard Iron & Engineering Works Ltd.,

that organization will now be known as

the "Edmonton Branch" of the parent
company.

Esab Opens Canadian Office — Esab, a

Swedish company, the founder of which,
Oscar Kjellberg, originated the electrode

and pioneered the craft of welding, has
opened a Canadian office at 1215 Greene
Avenue, Westmount, Montreal. There is

also a warehouse branch at 222 Front
Street East, Toronto. The name of the

Canadian company is Esab Are Rods
Limited and it will be under the direction

of Gustav Smith.

Water Resources. — The Ontário Water
Resources Commission has announced the

signing of preliminary agreement with
three Ontário municipalities in regard to

water and sewage projects.

Two agreements were signed with

Mitcliell whereby the Commission agrees

to undertake the construction of sanitary

sewage works as well as storm sewage
works. The sanitary sewage system will

involve the downtown residential and
commercial area and the first stage of a

sewage treatment plant.

An agreement with Leamington calls

for construction of a storm trunk sewer
system. In the township of Ancaster in

the County of Wentworth, the OWRC
will build water works for that township,

including an elevated tank with a capa-

city of 750,000 gallons.

Underwríters' List — Underwriters' La-
boratories of Canada, 7 Crouse Road,
Scarborough, Ont. has commenced dis-

tribution of its September 1958 list of

Inspected Appliances, Equipment and
Materials. This supersedes the Septem-
ber 1956 edition and ali supplements
thereto. The new list consists of 230
pages and is 20% larger than the previous

addition. For further information com-
municate with the Laboratories.

Construction Chemicals — A newly
formed company, Construction Chemi-
cals Limited, has been appointed On-
tário distributor for the Dewey and
Almy Chemical Division of W. R.

Grace & Co. of Canada Ltd. President

of the new concern will be Harold C.

Pearson of Toronto, formerly of West-
mount, Que. Mr. Pearson is retiring as

vice-president of the Canadian Dewey
and Almy division to form the new dis-

tributorship. He has had 45 years ex-

perience with Dewey and Almy.

Boiler Cleaner — Dow Chemical Com-
pany of Canada Limited has announced
the development of a new technique
for hydroxy apatite boiler scale removal.

It is claimed that the process developed
reduces downtime as much as 30 hours
for high make-up industrial boiler clean-

ings.

The new technique makes use of

chelating agents which are introduced

into the boiler solution as a water solu-

tion and circulated at low pressures mitil

the reaction is complete. For further

details write to the company.

House Movíng Equipment — Brantford

Coach and Body Limited, Brantford,

Ont. will be pleased to give further de-
tails of their equipment and method of

moving buildings.

Recently they moved a two-storey

triplex a distance of four city blocks

in a very short time without a hitch.

The house, measuring 50 ft. x 20 ft. x

26 ft. high and weighing 140 tons is,

it is believed, the first occasion on which
a Brantford Coach & Body designed

and built Walking Beam Trunion did

the job.

Write to the company for furtlier de-

tails.

Paper Company Changes Name — The
name of Mersey Paper Company Limited,

Liverpool, Nova Scotia, has been
changed to Bowater's Mersey Paper
Company Limited.

Bowater's Mersey, Nova Scotia's second
largest industry became a member of

the Bowater organization in 1956. Cur-

rent output is nearly 500 tons of news-
print a day from two machines.

INSTRUMENTATION,

FOOD INDUSTRY
(Continued from page 86)

thought it took at least nine years or

more to write-off his investment in

instruments.

General Comments

"Where processes are varied and
generally of an intermittent nature,

operations do not lend themselves to

complete automatic control", states

the manager of a large canning in-

dustry. "In many cases processes are

arranged for reversion to manual con-

trol where necessary. because of in-

strument failure, etc. With the com-
ing automation in packaging, more ac-

curate automatic temperature and
quality control will be required."

"During past years many processes

have been changed from batch t\pe

to continuous t>-pe of operation. The
advantages are obvious and not

achievable without many automatic

control instruments. Simple and re-

liable flow measuring instruments for

non-neutonian fluids are required. The
existing type is still too inaccurate.

too complicated and too expensive."

"In summary, the future of 'automa-

tion' in the food industiy depends
largely on further development of pro-

portioning controls. applied to a wide
\ariet\' and condition of food ingred-

ients. It depends on parallel further

de\elopment of automatic buílt-in

quality control checks and correcti\e

apparatus, and further improvement in

stvudiness and reliability of instin-

ments to avoid costly shut-downis of

long continuous lines."

"Future trends are to a degree \\ itli

US now", is the opinion expressed b\

a flour and cereal producer. "A
punched card can start a process.

operate it and shut it off when com-
plete; in other words, push-button

operation is today a reality. Without
instrumentation and automatic process

control of tlie food industr\- could not

remain ali\e in toda>"s competitive

market. Greatly increased use of in-

strumentation is predicted as the food

industrx' progresses to\N"ard more auto-

mation."

144 THE ENGINEERING JOURNAL—MARCH. 1959



THE ENGINEERING JOURNAL

Published hy The Engineering Institute of Canada 2050 Mansfield Street, Montreal 2, Quebec, Canada

Presídent: K. F. Tupper, m.e.i.c. Treasurer: T. W. Eadie, M.E.i.c. General Secretaryt Garnet T. Page, m.e.i.c

Editor: Garnet T. Page, m.e.i.c.

Assistant Editor: Margaret Griffin Associate Editor: J. Hance Legere, m.e.i.c. Assistant Editor (Production) ; John Cherer

Publication and Advertising Manager: E. J. Blandford

Adrertising Production Supervisor: Art Brown Circulation Supervisor: Helen MacLennan

Advertising Offices: Listed in advertisers' index

PUBLICATION COMMITTEE
Chairman: H. A. Mullins, m.e.i.c. Members: W. Bruce, m.e.i.c, W. H. Gauvín, m.e.i.c, R. E. J. Layton, m.e.i.c, D. W. R. McKinley, m.e.i.c.

APRIL 1959
vol. 42 no. 4

Meet the authors 5

Technical PaperS Quebec Labrador Tropospheric Scatter
Radio System D. J. McDonald, m.e.i.c, C. E. Frost, m.e.i.c. 43

Deas Island Tunnel (see Authors Page) 58

New Laboratories of the Pulp & Paper Research
Institute of Canada 72

The Free Piston Engine R. G. Fuller, m.e.i.c. 77

Design of a Functional Structure in or

on Rock A. V. Corlett, m.e.i.c, C. L. Emery, m.e.i.c. 86

Abstracts of 1959 Annual General Meeting papers 93

Instrumentation in Industry — Metal Fabricating Plants 97

Current EventS International News 99

Canadian Developments 101

Month to month 104

Progress Report on Confederation 104

Professional Affairs Obituaries 108

Personals 109

News of the Rranches 122

Library Notes 134

News of the Associations and the Corporation 146

Employment Employment Section 147

and Business Business and Industrial Briefs 154

Index to Advertisers last page

Cables: Enginst-Montreal

PRINTED IN TORONTO
Price $6.00 a year in Canada, British Posses-

•ions, United States and México, $7.50 a year

in Foreign Countries. Current issues, 75 cents

a copy, back issues from $1.00 per copy up.

To members and affiliates, 50 cents a copy,

$4.00 a year.—Authorized as seoond class mail'

Pott Office Department, Ottawa.

MEMBERSHIP

Indexed in The Engineering Index

The Engineering Institute of Canada sub-

scribes to the Fair Copying Declaration of the

Royai Society, and reprints of any portion of

this publication may be made provided that

exact reference thereto be quoted.

The Institute as a body is not responsible

either for the statements made or for the

opinions expressed in this publication.

(20,350 copies of this issue printed)

THE ENGINEERING JOURNAL—APRIL, 1959 3



"We had to reduce
our crushing costs!"

"We needed a crusher
tough abrasive matéria

one that would give max
productivity while keep

maintenance costs

to an absoluta minimu

"Thafs why we spec
a Hadfieids crushe

Hadfieids have been manufacturing rugged,
dependable crushing machinery for more than 50
years...crushers with these cost-cutting features:

Double toggle jaw design—materiais are reduced between

two renewable jaws.

Crushing jaws, cheek plafes and ofher renewable parts

made of Hadfieids "Era" manganese steei—the finest

material for resisting wearing action of hard stone and ores.

All-steeI solid or sectionolized frame.

Main frame bearings and pitman cap water-cooled to

prevenf overheating.

Centralized lubrication system provided for ali bearings—

greatly extends working lífe.

V-beIt or flot beit drive, according to size and requírements.

Fifteen sizes ronging from 10"x 6" to 72"x 48" opening,

and capacities from 3 to 310 tons (hard limestone) per hour.

Represenfed in Canada by

PEACOCK BROTHERS LIMITED
P.O. Box 1040, Montreal 3, Ooe.

Branches ; Sydney • Toronto • Sudbory

Winnipep • Edmcnfon • Colgary • Voocoov*r

"Pioneers in Steel since 1B72"
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MEET THE AUTHORS

C. E. Frost, M.E.i.c, regional buildings

engineer, eastern region, Bell Telephone

Company, (Çiiebec Lahrador Tropo-

spheric Scatter Radio System.)

Mr. Frost graduated from McGill Uni-

versity in 1931 with a degree in civil

engineering. He began to work for the

Bell Telephone Company in 1937 until

he joined the RCAF as a construction

engineering officer in 1942.

In 1945 he returned to the Bell Tele-

phone Company, and served as a member of the chief engin-

eer's staff, and two years later was appointed special studies

engineer. In 1951 Mr. Frost was appointed to the Regional

Buildings Engineer's staff as construction contract engineer

and was responsible for design and construction of structures

to operate the first tropospheric scatter system installed any-

where in the world.

D. J. McDonald, m.e.i.c, area radio

engineer, Toll Area, Bell Telephone

Company, (Çuebec Lahrador Tropo-

spheric Scatter Radio System).

Graduating from Queen's University

in 1926 with a B.Sc. Mr. McDonald
worked in various phases of transniis-

sion and radio engineering for the Bell

Telephone Company of Canada.
His was the responsibility for direc-

tion of radio systems in the engineer-

ing of the "Pole Vault" system in Newfoundland and Labrador.
Mr. McDonald is a member of the Corporation of Pro-

fessional Engineers of Quebec and the Instituto of Radio Engi-
neers.

C. L. Emery, m.e.i.c, lecturer Queen's University. (Design

of a Functional Structure in or on Rock.)

A graduate from Queen's University in 1936 (B.Sc.

(honours), mining engineering) he received his M.Sc. there

in 1958.

Mr. Emery has done mining, mílling and field work in

Ontário, British Columbia and Western United States. He has

had experience in consulting, teaching and administration in

high schools, technical institute and university.

At present he is doing consulting work in mining and struc-

tural design in Ontário.

Mr. Emery is a member of the Association of Professional

Engineers of Ontário, of the A.S.E.E. and of the Canadian

Institute of Mining and Metallurgy.

A. V. Corlett, m.e.i.c, Algoma Ore
Properties Professor in Mining Engin-

eering, Queen's University; and Head
of the Department of Mining Engineering.

(Design of a Functionivg Structure in

or on Rock.)

Professor Corlett received his B.Sc.

degree in mining and metallurgy from
Queen's University in 1922.

He has worked on oil well drilling in

S.W. Ontário and Portuguese West
Africa, on mining in Porcupine, on prospecting and explor-

ation in Ontário, Quebec and Newfoundland. In 1936 he was
mine manager in Western Quebec, and the Eastern Townships
of Quebec for Aldermac Copper Cori^oration, later manager of

the Nonnetal Mining Corporation. In 1958 he joined Queen's
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Fully tested by the modern facilities of

the C-G-E Power Transformer Works, Guelph,
Ontário, a 1500 KVA, 13.8 KV, 80°C rise,

open dry-type transformer stands ready for

one-package shipment to its site wfiere high
and low voltage switcligear can be quickiy

and conveniently connected.

TO WIDEN
THE

RANGE OF
APPLICATIOIN^

C.G.E.

INTRODUCES
A NEW
FULLY-

PROTECTIBLE
LINE OF

OPEN DRY-TYPE

TRANSFORMERS
Apparatus Department

CANADIAN GENERAL ELECTRIC
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QUEBEC-LABRADOR
TROPOSPHERIC SCATTER RADIO SYSTEM

D. J. McDonald, M.E,I.C., Area Radio Engineer

C. E. Frost, M.E.l.C, Buildings and Structures Engineer

Bell Telephone Company of Canada

Part 1. Communication Systems Engineering

GOOSE BAY is a large military

and civilian airport. It was servecl

by a network of government-owned
communication circuits for defence

purposes but commercial communica-
tion service available to the public

was limited to a single telegraph

channel. The Canadian and United

States Armed Services owned and
operated local telephone systems for

their own use, but service to the

pubhc was limited to lines important

to the military establishments. There

was urgent need for commercial tele-

phone sei^vice in Goose Bay, for long-

distance circuits, and for additional

defence circuits; it was important

that they be provided over routes

widely separated from the existing

government-owned systems.

Figure 1 is a map of the area

showing main centres requiring com-
munication facilities.

Schefferville, the northern terminus

of the Quebec North Shore and Lab-

rador Railway and the centre of the

Iron Ore Company of Canada's min-

ing operations, was given telephone

service by the Ungava Telephone

Company, an Iron Ore Company sub-

sidiary. Long-distance circuits from

Seven Islands were provided by a

carrier system operating on open
wire on the joint power and com-
munication pole line built along the

Quebec North Shore and Labrador

Railway. The new requirement was
for communication circuits for the

Mid-Canada Line and other defence

operations.

In addition to these established

communities, there is activity at

many other developing locations,

such as the power development at

Grand Falis on the Hamilton River,

and the mining operations near Wa-
bush Lake and Mount Reed. There
is also need for communication north

from Schefferville towards the Un-
gava Bay mining operations.

Planning Studies

The tropospheric scatter type of

radio system, with its ability to span

long distances between stations, is

ideally suited for use to places like

Goose Bay and Schefferville. Study

indicated that the logical route for

the facilities southward should be

through Seven Islands, then served

by Quebec Telephone. Negotiations

were opened with the Royai Cana-
dian Air Force concerning telephone

service in Goose Bay, and with Que-
bec Telephone regarding the broad

planning of the system.

The conclusions were that a central

office and telephone plant would be
installed in Goose Bay by the Bell

Telephone Company of Canada to

provide local service, and that long-

distance circuits to Rimouski and
Quebec would be provided by Bell

Telephone and Quebec Telephone,

each in its own territory. The con-

ventional ]ine-of~sight microwave
type of system would be used for

the long distance circuits from Que-
bec to Seven Islands, and the tropo-

spheric scatter type of radio system

from the vicinity of Seven Islands to

Goose Bay and Schefferville.

This paper is concerned with the

tropospheric scatter part of the over-

all project. For the rest, briefly, Len-

kurt 74A microwave equipment oper-

ating in the 6000 Mc/s. band was
selected for a 16-mile hop from the

scatter station at Trouble Mountain
to Seven Islands, and TD-2 micro-

wave equipment (4000 Mc/s. band)

for the part from Seven Islands back

to Rimouski and Quebec.

There are six radio stations in the

tropospheric scatter system. The sta-

tion at the Seven Islands end of the

system (Trouble Mountain) was in

Quebec Telephone territory and was
built and owned by them. The over-

all system was designed by the BeU
Telephone Company of Canada, who
acted as consultants to Quebec Tele-

phone for the Trouble Mountain

station.

Tropospheric Scatter Radio Propagation

The tropospheric scatter mode of

radio propagation has been treated

extensively in the technical joumals.

The mo.st comprehensive single

source of information is Proc. Insti-

tute of Radio Engineers, October

1955.

Radio signals in the upper VHF
and higher frequency bands can be

received at distances well beyond the

visible horizon with sufficient power
to provide reliable communication.

The received signal varies extensive-

ly, the fading being of two principal

types, fast and slow. The fast fading

is caused by multipath transmission,

and the rate of fading increases as

frequency or distance is increased.

Over short intervals of time the in-

stantaneous signal has appro.ximately

a Rayleigh distribution. For example,

a 20 db fade is expected about one

per cent of the time and a 30 db

fade for only 0.1 per cent of the

time. The slow fading, for which a

single cycle of variation may extend

over a period of several hours,' is

generally independent of frequency

and appears to be the result of

changes in the average refraction in

the ahnosphere. The \ariation in

hovuly median values follows a nor-

mal probability law in decibéis with

a standard deviation of about 8 db^.

In temperate latitudes the monthly

mean signal is substantialh' higher

in summer than in w inter. In the 750

to 1000 Mc/s. frequency band the

monthly mean signals for summer and
winter may be 10 db higher and

The installation of a tropospheric scatter radio system to provide telephone and

miscellaneous communication services to Schefferville and Goose Bay and to other

locations in Northern Quebec and Labrador was undertaken by the Bell Telephone

Company of Canada in association with Quebec Telephone. This paper is a report

of the engineering and construction of the project with particular emphasis on the

broad planning of the system and on the construction aspects. Part I deals with

the communication systems engineering aspects; Part II deals with the design and

construction of buildings, towers, roads, etc.
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lower respectively tlian the yearly

uiean signal.

The radio transmission loss on long

paths is highei" tlian the hne-of-sight

path loss for the same distance. This,

togethor w ith tlie wide fading range,

inakes it nec'essar\' to use high power
transinitters, high gain antennas, and
sensitive receivers to obtain reHable

commiinication.

The generally accepted theory of

tropospheric scatter propagation is

that radio energy from a transmittiiig

antenna is partly scattered by inho-

mogeneities in the lower atmosphere

or tropos^Dhere. Some of it is re-rad-

iated in ali directions, a small part

being back to the earth and in the

same direction as the original beam
from the transmitter. For a given anr

tenna system and radiated power, the

mean received power is dependent
on:

(1) The distance between the

transmitting and receiving stations.

(2) The angle to the horizon as

seen from each station, looking in

the direction of the path.

(3) The foreground clearance in

the immediate vicinity of the an-

tenna; that is, within the first few
miles.

Referring to Fig. 2, A and B are

the two stations and the antenna di-

rectional beam patterns are along the

lines AC and BC.
The propagation loss or radio

transmission loss increases with in-

creasing distance between points A
and B; this corresponds to increase

in the angle 6. Further analysis shows

that a positive horizon angle at either

or both stations is equivalent to fur-

ther increasing the value of 6 and
indicates why a positive horizon

angle increases the transmission loss

whereas a negative horizon angle re-

duces it.

Adequate ground clearance is re-

quired in the immediate foreground

of the antenna for it to estabHsh its

full directional beam pattern.

It was planned to use tropospheric

scatter radio equipment of the gen-

eral type already used on defence

projects in Northern Canada. Impor-

Fig. 1 Map of the area showing main centres requiring communication facilities.

tant characteristics are: (1) Operation

in the 750 to 980 Mc,'s frequency

band. (2) Transmitters available wáth

2 kw. or 10 kw. output. (3) Fre-

quency diversity receivers of the

combiner type. (4) Parabolic antennas

of up to 60 ft. reflector diameter. (5)

Assurance of handling up to 130

voice channels with the promise of

more.

System Planning Criteria

The planning of a communication

system such as this requires compH-
ance with certain criteria.

(1) Commmiication chaimels to

service points in the territory must
be by tenninal or repeater stations

at those points or, if located else-

where, by branch s\stems extended

to the service points.

(2) The system must provide the

number of channels required now
and must be capable of future ex-

pansion, preferabh' so that it can be
integrated with a larger-capacity

system if needed.

(3) The performance of the system

should be adequate for the ser\-ice to

be handled. In this case the require-

ments were to be the same as for

the continental long-distance circuits.

(4) Construction and operation

costs must be reasonable.

(5) Design and operation of the

system must comply wiíh regulations

of the Department of Transport,

which regulates radio stations in Can-

ada.

(6) Where defence circuits traverse

isolated regions, protection against

sabotage and enem\- action must be

considered. The small number of sta-

tions in a tropospheric scatter radio

system is an advantage.

Broad cost stiidies of tropospheric

scatter radio s\"stems and comparable

line - of - sight microwave systems

showed that the controlling factor is

usually the nature of the access to

the radio stations both for construc-

tion and for maintenance. If the sites

for a line-of-sight s\stem are access-

ible at reasonable cost from an es-

tablished highway. then, in general,

such a s> stem can be built and main-

tained at lower cost than a corres-

ponding tropo-scatter s\ stem. If access

is hy railwa\-, the answer is not so

clear because maintenance operatíons

depend greatly on the location

and mode of operation of the raiKva\-.

Where access to the íntermediate

stations of a line-of-sight system is

diffieult and costh , the scatter s\ s-

tem is usualh' cheaper to build and

operate.
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Fig. 2 Typical path profile: Tropospheric Scatter Radio System.

Radio Frequency Allocations

The radio equipment for this pro-

ject is designed to operate in the
frequency band from 755 Mc/s. to

980 Mc/s. This overlaps the upper
part of the UHF-TV broadcast band,
which extends from 470 Mc/s. to 890
Mc/s., and the industrial, scientific

and medicai band from 890 Mc/s.
to 940 Mc/s. Radio communication
Services in the latter band are not

protected against interference from
industrial, scientific and medicai
equipment. Control of interference

to TV reception is a vital factor. In-

ternational regulations require that

the stations do not interfere with re-

ception in other countries, and in this

case the United States is of prime
concern. In Canada, the stations are

under the jurisdiction of the Depart-
ment of Transport and control is ex-

ercised by issuing temporary radio

station licenses subject to non-inter-

ference.

It is essential to separate the fre-

quency assignments of the transmit-

ters and receivers, operating at a

particular station, by a substantial

amount. Typical values for the equip-
ment used in this project are 96
Mc/s. between the transmitter and
receiver at one end of a relay section

and 60 Mc/s. between the transmit-

ter in one direction at a relay station

and a receiver in the opposite direc-

tion at the same station. Because of

the long-range propagation charac-

teristics of the scatter mode, there

are restrictions on how many trans-

mitters in a multi-hop system may
use the same frequency. These fac-

tors limit the number of separate

Systems which may terminate at a

particular location or operate in a

given territory.

Final System Plan

In Canada, tropospheric scatter

systems in the 755 to 980 Mc/s.
band are attractive only in regions

of sparse population, remote from
the United States boundary and
where access to intermediate points

is difficult and costly.

The preliminary planning estab-

hshed that the facilities should be
tropospheric scatter from the vicinity

of Seven Islands to Schefferville and
Goose Bay and that the intermediate

stations between Seven Islands and
Schefferville should be close to the

Quebec, North Shore and Labrador
Railway. Still to be resolved were
the number and location of these in-

termediate stations and the site of

the station between the railway and
Goose Bay; for the latter, Grand Falis

on the Hamilton River was indicated

as suitable. British Newfoundland
Corporation Limited has done exten-

sive preparatory work on the develop-

ment of power at Grand Falis, where
there will eventually be a substantial

need for telephone service. For the

stations between Seven Islands and
Knob Lake, two basic plans were:

one intermediate station with 10 kw.
transmitters; and two intermediate

stations requiring only 2 kw. trans-

mitters. The latter plan was adopted,

though overall costs for each plan

were of the same order, mainly be-

cause:

(1) It is possible that the lower

power transmitter need only be par-

tially attended, and later unattended

for at least part of the year.

(2) Two intermediate stations per-

mit greater flexibility in establishing

branches to other service locations.

Site Selection

Site selection for a tropospheric

scatter radio system is complex, com-
prising office study of maps and
aerial photographs, field surveys, and
further office studies. Many combin-
ations were studied before reaching

a final selection from the possible

sites.

The prime criteria for the selection

of sites are:

(1) Suitability for radio transmis-

sion.

(2) Feasibility of extending com-
munication from terminais or other

service points.

(3) Suitability for construction and
maintenance of the radio station and
associated facilities.

(4) Year-round access to the site.

Trouble Mountain

This is the southern terminus of

the scatter system. The preferred lo-

cation would be close to Seven
Islands but the excessive positive

horizon angle over the hills to the

north made a site there impracticable.

Trouble Mountain is 16 miles west
of Seven Islands and closer to Clarke

City. It is also a relay station on the

TD-2 microwave system from Rimou-
ski to Seven Islands, and a terminal

station of the Lenkurt 74A micro-

wave sys'em between that point and
Seven Islands.

The elevation of Trouble Moun-
tain is 940 feet and the horizon angle

towards the Canatiche station to the

north is +18 minutes.

Canatiche

This site (elev. 2940 ft.) is 90.5

miles north of Trouble Mountain, 4
air-miles east of the Q, N.S. and L.

railway. The railway here is in the

Wacouna River valley and a suitable

site must be at least 1000 ft. higher.

The site chosen, from several, had
the best radio performance commen-
surate with access and construction

costs.

The horizon angles are -19 min-

utes south and -22 minutes north.

An unobstructed view in ali direc-

tions provides excellent potential for

branch radio systems to serve neigh-

bouring points.

Emeril

This site (elev. 2450 ft.) is 131.1

miles north of Canatiche, 5 air-miles

east of the Q, N.S. and L. railway.

It is the junction point for branches

towards Schefferville and Goose Bay.

The site had to be on a range of hills

east of the railway to obtain satisfac-

tory performance towards Goose Bay,

and was selected, from three possibil-

ities, on the basis of both radio per-

formance and cost.

The horizon angles are: -13 min.

towards Canatiche; -21 min. towards
Knob Lake; -13 min. towards Sona
Lake.

The horizon angle is favourable in

ali directions so this site lends itself

to branches to other points.

Knob Lake

The site (elev. 1900 ft.) is 3 miles

east of Schefferville and 118.4 miles

north of Emeril, in a commandiíig
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posilion over tlie relatively flat couii-

try to the south. A load to within a

few luindied feet of the site, to-

gether with favourable radio perfor-

mance, made it an obvious choice.

Horizon angle towards Emeril is -12

min.

Sona Laki-

The site (clcv. 1900 ft.) is 16 miles

east of Círaiid Falis aiid about 3 miles

east of the townsite which the British

Newfoundland Development Corpor-

ation proposes to build for the power
de\-elopment. It is on the highest

nearb\- hill, and is so much better in

radio performance than any other

readih-accessible point that it was
an obvious choice.

Horizon angles are -12 minutes to

the west and -10 minutes east. The
distance from Emeril is 97.0 miles.

Goose Bay

The site (elev. 825 ft.) is on a hill

6 aii-miles west of Goose Bay air-

port, and about 700 feet higher than

the flat land on which the airport and
town are built. A road to within

%-rnile of the site and the fact that

there was no other suitable site near-

by made the choice easy.

The horizon angle towards Sona

•fLake (137.4 miles) is -|-23 min.

TROPOSPHERIC SCATTER RADIO
SYSTEM

The radio equipment operates in

the frequency range 755 to 980 Mc/s.
It is a broad band FM system with

pre-.emphasis and de-emphasis partly

to equalize noise performance across

the base band.

The receivers are designed for

combiner-type diversity operation ar-

ranged for dual or quadruple diversity;

the latter is used in this project (Fig.

3). Two antennas installed at a ter-

minal are spaced 200 ft. apart to

provide effective space diversity. In

t^e transmitting direction, each an-

tenna is fed from a separate power
amplifier. One antenna is vertically

polarized; the other horizontally. In

the receiving direction, each antenna
picks up both horizontally and vertic-

ally polarized signals and transmits

them to four separate receivers. The
outputs of the four receivers are

combined, the baseband contribution

of each receiver being proportional

to the signal-to-noise ratio of the

incoming signal.

The terminal station has two trans-

mitters and four receivers in continu-

ous operation, arranged to provide

diversity. and standby protoction. If

one transmitter fails, diversity is

reduced from quadruple to the dual

type but the system is still in service.

If one receiver fails, diversity is again

reduced but service is not interrupted.

At a repeater station, the arrangement

is two terminais back to back.

The broad baseband extends from

12 kc/s. to 800 kc/s. and is flat

within ±1.5 db. An order wire base

band is available from 0.5 kc/s. to

12 kc/s.

The R. F. bandwidth of the receiver

and of the exciter stage of the trans-

mitter is 8 Mc/s. to the 3 db down
points and the corresponding band-

width for the power amplifiers is

6.0 Mc/s.

Intermodulation of a transmitter

and receiver together is such that,

when the system is loaded with uni-

form noise and fully deviated by noise

peaks, the ratio of the noise per unit

bandwidth being transmitted to that

created by intermodulation in a blank

space at any part of the baseband is

greater than 42 db.

Ali units are designed to operate

from either 120 volts single-phase or

208 volts 3-phase, four-wire, 60 cps.

supply.

Transmitter

The transmitter includes an exciter

stage and a 2 kw. or 10 kw. power
amplifier.

The exciter unit consists of a mod-
ulating unit and a frequency multi-

plier and amplifier unit. The latter

feeds into the 2 kw. or 10 kw. power
amplifier. One modulating unit caii

drive two multiplier-amplifier units

with the associated power amplifiers.

The baseband input is 75 ohms, un-

balanced, and the order wire input

is 600 ohms or 150 ohms, balanced.

The carrier frequency is crystal con-

trolled to within ±0.003%! The ex-

citer equipment is rack-mounted on

standard 19-inch racks.

The 2 kw. power amplifier em-
ploys a klystron and is aii'-cooled.

Power supplies, associated circuits,

and the klystron, are mounted in a

single cabinet, 5 feet wide, 3 ft. 3 in.

deep. and 7 ft. high. The amplifier is

designed for connection to a 50 ohm
line through a 3/4 inch coaxial cable

flange. The power load is approxi-

mately 9 kva. An air-cooled dummy
load is incorporated and a manual
coaxial switch is provided for con-

necting to either the dummy load or

the antenna.

The 10 kw. power amplifier is a

liquid-cooled unit, the cooling system

being separate from the radio equip-

ment. The power supplies, klystron,

and other amplifier apparatus are

mounted in cabinets installed side-

by-side to occup\ a space 14 ft. 6 in.

wide, 4 ft. deep, and 7 ft. high. The
output connection is similar to the

2 kw. amplifier. The power load is

approximately 40 kva. A liquid-cooled

dummy load is incorporated with a

manual coaxial switch to connect the

amplifier either to the load or to the

antenna.

Diversity Receiver

The diversity receiver unit com-
prises a conventional super hetero-

dyne receiver, a pre-selector filter

and a combiner unit. Four identical

diversit\' receivers are required for

quadruple diversity. The combiner

outputs are connected in parallel and
the contribution of each receiver to

the total output is at ali times pro-

portional to the signal-to-noise ratio

of the individual receiver.

The receiver, including the pre-

selector, has a noise figure better

than 8 db. The input impedance is

50 ohms' unbalanced for connection

to a coaxial hne, and the base band
output is 75 ohms. unbalanced. The
di\'ersit\' receivei~s are rack-mounted
on 19-inch racks.

A unit, incorporating a recording

meter, is provided at each receiver

installation for the obserx^ation and
recording of radio transmission. It

ma\" be connected to an\- one of Uie

foiu- recei\'ers.

Antennas and Feed Honis

High gain antennas are required

in tropospheric scatter s\stems. For
the frequency band used in this pro-

ject, the centre-fed pai-abolic reflec-

tor t\pe is most satisfactory. Dif-

ferent antenna gains were required

in the several relay sections and, as

large antennas are costh', three sizes

were proxided, the reflectors being

30, 45, and 60 ft. in diameter. The
reflector face of the 45-ft. and 60-

ft. sizes is a square with the coniers

removed, and the diameter referred

to is that of the inscribed circle. The
ratio of antenna diameter to focal

length of the parábola was kept con-

stant to permit nsing the .same fecd

horn design for the three sizes.

Expected gains of the antennas at

800 Mc s. are as follows:

Reflector Gain with Rc^pert

Diameter lo Isotropic

60 ft. 41 db
45 ft. 3S.5 db
30 ft. 3õ db

Further information on tho antenna

reflector and feed hom support is

gi\en later in the paper.

The quadruple di\ ersity plan calls

for connecting one transmitter and
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two receivers to each antenna. Each
feed horn must handle signals for a

transmitter and receiver on one polar-

ization, and for a receiver on the

other pplarization. To simplify the

filters necessary to separate the

transmitter and receiver connected to

the same feed horn, the vertically and
horizontally polarized signals should

be isolated as much as possible.

The feed horn is a square-aperture

waveguide horn to handle both hori-

zontally and vertically polarized sig-

nals. The signal of one polarization

is introduced by a waveguide feed

at the rear of the horn. The cross-

polarized signal, which is always a

receiver signal, is extracted by a sec-

ondary feed terminated in a 1%-m.

coaxial flange on the side of the

horn. The isolation betvveen signals

of the two polarizations exceeds 35
db.

The face of the horn is closed by
a fibre-glass window and the whole
unit can be pressurized. A 500-watt

heater is built into the rim of the

horn for de-icing.

Radio Frequency Transmissíon Lines

There are two radio frequency

transmission lines to each antenna

(Fig. 3). One is a common feeder for

the transmitter and one of the re-

ceivers. The other carries only a re-

ceiver signal. Two types of feeders

are used, waveguide and coaxial line.

The waveguide is WR975, a rectan-

gular type with a 9^ x 4/8 in. cross

section. The main runs are rigid, but

sections of flexible waveguide are in-

troduced at some of the corners to

allow tolerance during installation and
subsequent movement. The coaxial

line is either 1^ or 3/8 in. in diameter.

Rigid coaxial line is used to a lim-

ited extent inside the buildings. The
outdoor runs are ali styroflex. Both
the waveguide and the coaxial lines

are pressurized.

The WR975 waveguide will trans-

mit greater power than the 3Í8 in.

coaxial line and also introduces less

loss. In the 10 kw. transmitters,

waveguide is required to handle the

power in the transmitter feeder. The
feeders for the 2 kw. transmitters are

3/8 in. coaxial line, except at Sona
Lake where waveguide was specified

to avoid air transport of the heavy
reels for the coaxial line. The second-

ary receiver feeders are ali coaxial

line.

Branching Filters

A transmitter and a receiver are

connected to the common transmis-

sion line feeder through a branching

filter (Fig. 3). The filter, in associa-

tion with the receiver pre-selector

filter, must protect the receiver

against the high output power of the

transmitter, and it must pass both

the transmitter and receiver signals

without excess loss or other impair-

ment.

The filters consist of an assembly

of 3/8 in. coaxial line units silver-

soldered together. The common
feeder connects to the stem of a

"T". Shorted coaxial stubs are

bridged on each arm of the "T" and
are adjustable in length to control the

filter characteristics of the transmitter

and the receiver branches.

Frequency Plan

The selection of frequencies for a

multi-hop tropospheric scatter radio

system was discussed earlier. Among
other requirements, the frequency as-

signments must be compatible among
themselves at each radio station and
must also co-ordinate with the fre-

quencies at ali other stations where

Fig. 3 Tropospheric Scatter Radio System Terminal. Block diagram.
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the receiver power may be sufficient

to be a soiirce of iiiteiference.

The minimum frequency separa-

tioiís pennissible with the equipment
installed ín this pvoject are: 96 Mc/s.
betweeii the tiansinitter and receiver

frequencies in a common antenna;

60 Mc, s. between a transmitter and
a receiver operating back-to-back at

a reky station; 12 Mc/s. between
two transinitters or two receivers

operating back-to-back at a relay sta-

tion.

Figure 4 shows the frequencies

authorized for the project. In addi-

tion to the restrictions on frequen-

cies within the particular project, the

assignments must also co-ordinate

with ali other radio stations operating

in the vicinity. This was of particular

importance at Trouble Mountain and
Goose Bay where there are many
other radio installations.

There are four pairs of frequencies

extending from 755 Mc/s. to 887
Mc/s. for the five relay sections. One
pair of frequencies is assigned to the

two sections, Trouble Mountain to

Canatiche, and Sona Lake to Goose
Bay.

Multiplex Equipment

The tropospheric scatter radio

equipment transmits a broad base

band from 12 kc/s. to 800 kc/s. and
an order wúe base band from 0.5

kc/s. to 12 kc/s., each band being

available at ali terminais and relay

stations. The broad base band is sub-

divided into telephone channels on

a frequency division basis using K
and LI carrier equipment.

These types of multiplex were
chosen for a number of reasons.

(1) The transmission performance

objectives for the voice channels

Fig. 4 Frequency assignments: Quebec Labrador Tropospheric Scatter Radio System.
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were the same . as for long-haul cir-

cuits in the continental network

where K and L carrier are used ex-

tensively.

(2) It is proposed to superimpose

frequency shift carrier telegraph sys-

tems on the voice channels, thereby

requiring high stability in the carrier

frequency supplies. Provision is made
to stabilize the carrier suppUes at

the several stations by means of a

64 kc/s. pilot transmitted over the

system.

(3) LI carrier is used on the TD-2
part of the overall project, and it

facilitates the engineering and the

operation and maintenance to extend

the same type throughout.

The K carrier equipment provides

12 voice channels in the band from

12 kc/s. to 60 kc, s. The LI equip-

ment can handle 600 channels, so

only part of its capacity is used in

this application. In the LI equipment
the voice channels are arranged in

group banks of 12 channels each,

and combinations of 5 group banks

are put together to form super

groups.

Super group No. 1 and part of

super group No. 2 are being installed

initially. These occupy the frequency

bands from 68 to 308 kc/s. and from

312 to 552 kc /s.

The number of voice channels be-

ing installed initially in the several

sections are as showii in Table I.

Table I. Number of Voice Channels
Installed Initially

No. of

Section Voice Type of
Channels Multíplejr

Trouble Mt.
—Canatiche

Canatiche—Emeril
Emeril—Knob Lake
Emeril—Sona Lake

Sona Lake
—Goose Bav

108
108
36
60
12

60

LI
LI
LI
LI
K

LI

Only those channels necessar\' for

service at the relay stations are

brought downi to voice frequency.

Other channels are connected at car-

rier frequencx' to limit the number of

con\-ersions from voice to carrier fre-

quency and vice versa. \\'here a block

of 12 or less voice channels are ade-

quate, the K carrier equipment is

preferable to the LI equipment.

Initially, it is being installed only in

the section from Emeril to Sona Lake.

Additional multiplex channels will

be installed later. The criticai units,

limiting the maximum number of voice

channels, are the transmitter power

amplifiers in tlie radio equipment.

The specifications called for meeting

the performance objectives witli 132
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Table II. Path Data and Kadio Transmission Performance
Horizon Anlenna Horizon Antenna Long Term Long Term

Site Angle Size Site Angle Size Distance Mean Path Median Fading
min. ft. min. ft. Miles Loss—dh Margin—dh

Trouble Mountain + 18 45 Canatiche -19 45 90.5 186.3 35.2
Canatiche -22 45 Emeril -13 45 131.1 186.5 35.0
Emeril -21 45 Knob Lake -12 30 118.4 182.4 36.1

Emeril -13 45 Sona Lake -12 30 97.0 176.4 42.1

Sona Lake -10 60 Goose Bay +23 60 137.4 2C4.5 30.5

channels on the 2 kw. system and 72
channels on the 10 kw. system. It is

believed that realistic objectives are

200 and 100 channels for the 2 kw.
and 10 kw. systems, respectively.

System Performance

Table II is a summary of the radio

transmission data for each path in the

system. In the compilation of the data,

the following typical values were
used for the various characteristics.

Radio frequency:
800 Mc.

Antenna gains:

60 ft., 40 db above isotropic;

45 ft., 38 db; 30 ft., 35 db
above isotropic.

Feeder and filter loss

:

10 kw., 2 db; 2 kw., 4 db
Receiver noise figure:

8 db
Receiver LF. b^ndwidth:

8 Mc/s.

Primary Power Supply

The reliability of the primary power
supply is a criticai factor in the con-

tinuity of service of a communication
system. There was no suitable com-
mercial source of power at any of the

troposcatter stations built by the Bell

Telephone Company of Canada, so

provision had to be made to generate

primary power locally at each of them,

together with adequate standby. As
commercial power is available at the

Trouble Mountain station, it was ne-

cessary only to install a standby source.

Power is provided at the radio sta-

tions by diesel engine alternator sets

(Table III). Three sets are installed at

each s!:ation, any one of which will

handie the load. One set normally

carries the load, the second is avail-

able as emergency back-up, and the

third permits maintenance and repair

work without interfering with the

standby.

Normal operation of the engine

alternators and switchover to standby

is completely automatic. Remote
manual control is also available.

Alarms are provided for items such as

low oil pressure, low fuel pressure,

high water temperature, and over-

speed. The alíernator output is 208
volts, 3-phase, 4-wire and the normal
frequency is 60 cps. As some units in

the radio equipment are sensitivo to

variation in frequency, a monitor is

provided to originate an alarm if the

frequency varies.

Radio interference from the alterna-

tors and associated apparatus is con-

trolled by suppressors and shielded

vviring.

The electronic and domestic loads

are supplied from separate circuits,

protected individually. The circuits

may be supplied from different alter-

nators, but normally only one engine

alternator set is in operation.

Maintenance of the engines is to

be done at the stations. Expendable
spares will be kept at each station,

and larger spare parts will be stored

at one location for the system.

The emergency standby at the

Trouble Mountain station is a 60 kw.

diesel engine alternator set.

Communication for the Construction

Phase

The sites at Canatiche, Emeril, and
Sona Lake were not accessible from
any commercial communication facili-

ties. Goose Bay could be reached by
telegraph but the service was inade-

quate for the needs of the project.

Arrangements were made to serve

these locations by a combination of

teletype facilities and a private radio

telephone network. A teletype circuit

was set up from headquarters in

Montreal to the construction office in

Seven Islands. Private radio telephone

stations operating in the médium- and
high-frequency bands were estab-

lished at Seven Islands, Canatiche,

Emeril, Sona Lake, and Goose Bay.

The transmitters are 100 watts output

and ali stations are licensed for opera-

tion on the same frequencies, 2804

and 5390 kc/s. Communication is

point-to-point, messages being relayed

verbally at intermediate stations.

Local communication was needed

between lhe Canatiche and Emeril

sites and their respective railheads on

the Q.N.S. and L. Railway, and be-

tween Sona Lake station and the camp
site by the lake where aircraft land.

The Telephone Company's rural dis-

tribution wire laid on the ground or

fastened to trees was used for this

purpose and proved very satisfactory.

At Sona Lake, VHF radio was oper-

ated for a period between the lake

and the site, together with portable

radio sets in the vehicles travelling

between the two points, but it was
not found necessary to continue this.

Ali transport to Sona Lake is by
air and, to facilitate the operations,

an aeronautical beacon station was in-

stalled. Since this air transport is in

accordance with visual flight regula-

tions, the beacon station was not es-

sential, but its contribution to safety

and efficiency warranted the installa-

tion. Experience has shown it to be

verv helpful.

The beacon operates at a frequency

of 320 kc/s. and is adjusted for a

radiated power output of 25 watts.

Maintenance Procedures

Warning of improper operation and
means to carry out maintenance tests

and adjustments were prime objectives

in the design of the radio system and
associated facilities. Alarms report the

impairment of performance and the

failure of certain components. In some
instances, transfer to standby units is

automatic in addition to the alarm.

Test points allow checking operation

while the equipment is in service, and
units are readily removable for further

investigation and repair.

Two broad guides were followed in

planning for maintenance.

(1) Ali ordinary maintenance tests

and repaiis should be done without

interrupting service. Nonnally two
transmitters are in operation. If one
is disabled or out of service for main-
tenance, the other should be in opera-

tion. Diversity is reduced from quad-
ruple to the dual type but service is

not interrupted. Similarly, if one or

Table III. Diesel Engine-Alternalor Installations

Engine Rating, kw.
Station Initially Supercharged Alternator Rating,

kw.
Canatiche

)
Emeril 150 200 200
Goose Bay)
Knob Lake 100 — 100
Sona Lake 200 225 225
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two recei\ers are out of sei\ ice, it is

still possible to have dual diversity.

(2) It sliould be possible to carry

out ali lests and adjustments at a sta-

tíon witliout assistance from the ad-

jacent station. Where tests are made
in association with the adjacent sta-

tion, they are to confirni the correct-

ness of adjustnient rather than being

the condition for determining the ad-

justnient.

Test instrunients and other facilities

at e<\ch station enable the staff to

carr\- out ali work required to put the

system into service and to maintain it.

It is expectcd that many repairs to

units of equipment can be made
at the station, though some will re-

quire special tools or techniques and

will have to be returned to a central

repair depot.

One tool which is most useful both

in adjusting the radio equipment and

in locating trouble is the "loop test

set". It provides for extracting a signal

from the transmitter, translating it to

the receiver frequency, and feeding it

into the receiver which operates on

the same path. It facilitates adjusting

the transmitter deviation and the re-

ceiver output levei and also permits

making noise and intermodulation

tests on the equipment at a station.

The power amplifier klystron must
be replaced occasionally, and a spare

klystron caixiage is supplied together

with associated tuning coils and cavi-

ties. The defective one, together with

its carriage, is moved out on casters

and the spare substituted.

Essential instructions for operation

and adjustment of the many units

comprising the radio system, and for

the overall line-up and maintenance,

have been prepared in the form of

Bell System Pi^actices and have also

been useful in the training of staff.

Operating experience is needed to

establish standard maintenance pro-

cedures for equipment as complex as

the tropo-scatter system. Some of the

procedures are therefore temporary

and will be subject to review.

Initial Test and Line-up of the System

The initial test and line up of the

system will be carried out by the

plant department staff. However, an

engineer assigned to each station will

advise the plant staff during the whole
period. The system must be com-
pletely lined up in accordance with

the instructions at the beginning.

Otherwise, it is almost impossible to

adjust it properly afterwards.

At the time of writing, the installa-

tion of the electrical and electronic

equipment was practically complete

and testing was under way. The s\s-

tem has now been through a complete

lineup and break-in period and
handles commercial telephone service.

ment, but the story of the adaptation

of commonplace crafts and materiais

to meet an unusual situation.

The task involved the construction

of a system of five stations. The sys-

tem, spanning a distance of more than

five hundred air miles traversed

rugged northern terrain. The sites, ex-

cept at Knob Lake and Goose Bay,

were in totally uninhabited áreas, on
the summits of mountains to which
there was no established access.

The design programme could not

be undertaken prior to Januan." 1957.

The committed system ser\ice date

was June 1, 1958, a period with but

one summer season. This, combined
with the effects of latitude and alti-

tude, resulted in a construction season

free of frost and snow of less than
three months at ali sites. A substan-

tial part of this season would be taken

up, at least at the intermediate sta-

tions. constructing access roads from

the freight heads to the summits. over

which the necessarx" construction ma-
teriais could be transported.

Following the initial breakthrough,

fiuther time would be required to

transport camp materiais and to build

the main construction camps, before

starting work on the permanent struc-

tures.

The system schedule (Fig. 5^ de-

manded that the building áreas re-

quired for the housing of the elec-

tronic equipment at ali sites be com-
pleted, painted out, and dustfree hy
December Ist, 1957 to meet the start

of the installation and test programme.

The situation at Sona Lake was
further complicated by the fact that

this site is accessible only b\" air. Pre-

liminary estimates indicated that a

gross of 2,500 tons of constmction and

support materiais would be required

at each site. The importance of hold-

ing this tonnage to a minimum need
not be stressed.

The problem could not be resoK ed

by a massive approach, e\en if such

an approach were economicaUy fea-

sible. Overstaffing at the outset would

result in a disproportionate period

being spent constructing camp accom-

modation, so shortening the produc-

tive programme. The compact nature

of the plant and the limited area occur

pied \\ ould restrict the number of con-

current w ork parties. This would pre-

clude offsetting the overshortened con-

struction period by niereh" adding

workers.

Understaffing at the outset would

lead to productive staff being di\ erted

belatedh- from the permanent works

to construct camp acconiniodation for

reinforcements.

Part 11. Structural Design, Construction, and Transportation

P.A.RT II OF THIS p.vPER deals with the the Quebec-Labrador Tropospheric

design and execution of the structures, Scatter System. It is not the applica-

works and buildings, associated with tion of a recent engineering develop-

JAN. MAY.

Fig. 5 System schedule.

1957-
JUL.

1958

I I I

>
OCT. DEC. JAN. MAR.APR JUN.

-START OF
DESIGN.

COMPLETION
OF DESIGN.

CONTRACT AWARDEp
a START OF CONSTR^N.

END OF SUMMER OUTDOOR
CONSTRUCTION SEASON.

BUILDINGS READY '

FOR EQUIP'T INSTALL'N.

POWER READY.

ANTENNAS READY
FOR SERVICE.

SERVICE DATE.
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The optimum solution lay in the

mtegration of the design, constmc-

tion, and transportation concepts. In

iíeneral, this involved the need to

minimize weight commensurate vvith

structural adequacy, and leduction of

on-site labour by prefabrication, sim-

plification of detail, and similar

ineans. These ameliorating conditions

liad to be modeiated by the reahza-

tion that obvious advantages of pre-

labiication might be offset by less ob-

\ ious disadvantages of prefab assem-

hlies, difficult and expensive to trans-

port, or requiring the transportation of

small crews of speciaHst erectors or

assemblers. It required fuU exploita-

tion of work simplification and short

cuts to intermediate programme ob-

jectives provided in the design, even

if this meant digression from trade

habit. Finally, one had to recognize

the criticai but basically ancillary role

of transportation. The plan as visual-

ized must be of adequate capacity,

capable of immediate response to

change of job pace and organization-

ally susceptible to such demands. It

must have built-in deterrents to the

tendency of project transportation or-

ganizations to become autonomous
and to pursue their local efficiencies

to the overall cost of the project.

DESIGN
The principal structural compon-

ents required at each site were the

buildings, the parabolic antennas, and
the petroleum product storage facili-

ties. A basic building design consider-

ation in northern latitudes is whether
related facilities are to be grouped
under one roof, and closed in by one
building form, or whether an open
plan providing each separate facility

with its own building may prove more
advantageous.

In this instance four distinct main
áreas were: the radio equipment area,

the diesel generator power room, the

operators' living accommodation, and
the garage.

The electronic equipment floor area

requirement ranged from 1800 sq. ft.

at the terminal sites to 2500 sq. ft.

at the relay sites.

The power requirements also varied

from station to station, from 100 kw.
to 200 kw. However, the effect of

this on floor space tended to become
imperceptible.

With the electronic equipment and
power room áreas established, it was
now possible to turn to consideration

of the living accommodation áreas.

The resident operating crew was
set at seven, including the cook and
houseman for the isolated stations at

Emeril, Canatiche, and Sona Lake.

To this number would be added any

permanent personnel required to

operate the heating plant, water and
sewer facilities, the petroleum product

installation, and similar services. Such
personnel would increase the service

facility requirement with a commen-
surate increase in support labour. A
compact and highly mechanized plant

requiiing no additional personnel was
indicated to offset the increase of sup-

port costs once the minimum person,-

nel were exceeded.

A single roof design would eliminate

interbuilding corridors, essential in

such exposed locations; would sim-

plify the water and sewer systems;

and even more important, would pre-

sent the possibility of meeting ali

heating requirements by recovering

heat from the electronic equipment
and the diesel generators.

A single floor plan was developed.

Consideration of ali factors led to it

taking the form of a square U with

the electronic equipment housed in

one wing, the diesel generator room,

water storage, and garage in the

second wing, and the living accom-
modation area forming the base or

tying member (Fig. 6).

Previous experience at exposed

locations of comparable latitude had
established the need to design against

120 m.p.h. winds, 90 Ib. snow loads,

and a temperature range from 40°

to +90°F.
The system will be operated by

personnel drawn, in rotation, from the

Company's standing staff. These
people have predominantly urban

backgrounds, and provision must be

made against mental as well as physi-

cal discomforts of living on a moun-
tain top, confronted with the seem-

ingly endless and empty wastes of

the northland. This situation was met
by developing the interior of the liv-

ing accommodation wing along fam-

iliar and homelike Hnes. The basic

floor plan was built around the cus-

tomary living room, dining room, and
kitchen core with bedrooms arranged

bungalow-style along a central corri-

dor.

With the floor plan developed and

dimensioned, available prefabricated

buildings could be studied and a

choice made. A commercially-avail-

able stressed skin prefab was selected

for ali buildings required for the

system.

Building Foundations

The building foundation design

was controlled by the ver>' short con-

struction period available, the general

lack of suitable aggregate, the need

to hold weight down in view of the

high transport costs, and the fact that

ali the buildings were founded on

rock.

A free-standing wood post and

laminated beam foundation was used

under the equipment and living ac-

commodation áreas. The wing hous-

ing the generator room and garage

was set on a concreto perimeter \\al\.

A conventional reinforced concrete

structural slab and girder floor was
used in the diesel room. Individual

concrete piers were provided for each
generator unit. These piers were
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tounclrd oii rock, canied up through,
.11 ul lu-ld tiee of the floor slab on fill.

Floors

Laininated wood floors were used
in the equipment wing. The structure

was designed to meet a uniform dis-

tributed load of 150 Ib./sq. ft.

Principal factors contributing to the
choice of this form of foundation and
floor structure were:

(1) It is speedily erected of readily

a\ailable and transportable materiais.

(2) It does not require specialist

labour.

(3) ConstrucHon is relatively inde-

pendent of weather conditions.

(4) It can be held to minimum
dimensions and weight as any future
change in concentrated load can be
met readily, without interior disturb-
ance, by merely increasing the under-
pinning.

(5) It does not require the use of
any equipment other than hand tools.

(6) It has a "U" factor of ap-
proximately 0.1.

An insulated wood beam and ply-
vvood deck floor was used for the
living quarters. Ali lumber used in
the foundation and floor systems was
pressure-treated against rot. Its "U"
factor was computed as approximately
0.1.

As previously mentioned, concrete
slab floors were used in the diesel
generator-garage wing as the Schedule
permitted a few weeks additional time
for its construction. The advantages of
this stronger, more permanent and
fire-resistive constmction for this ap-
plication ontweighed the additional
cost and effort.

A four-thousand gallon reinforced
concrete water storage tank was
located in one corner of the diesel
room. Founded on rock, it was car-
ried uD through the slab to a height
of 3 ft. above floor levei. The tank
top formed a low mezzanine on which
the station supervisor's office was con^
structed. Also by this means an area
of the tank walls was exjDosed to the
warm diesel room atmosphere as a
precaution against freezing of the
stored water.

Interior Finish

In keeping with the design ap-

proach previously mentioned, selection

of materiais for the interior finishing

of the living accommodation wing was
limited to those commonly used in

médium range residential building.

The kitchen, partially open to view
from the dining area, is a slightly

oversize version of the familiar

planned kitchen encountered in such

residences. Although presided over by
a Professional cook, it has none of the

trappings usually associated with com-
mercial or institutional kitchens. In-

dividual colour schemes were devel-

oped for each room. Good quality

domestic furniture, in harmony with
the colour scheme, contributed to a

cheerful, familiar and homelike at-

mosphere. The use of colour was ex-

tended to the work áreas to offset

monotony. Windows were generously

proportioned and placed to take ad-

vantage of the vast outdoor panorama.
The Windows were designed with a

fixed sash and a permanently screened

and louvered full-width opening im-

mediately above the sill. This opening
was closed on the inner face with an
insulated gasketted hinged panei. This

panei, closed, provides an insulated

seal, and in its open or ventilating

position acts as a draft deflector.

The Windows, also designed by the

owners' staff, were readily fabricated.

They are draft free, do not require

additional screens or storm sash, and
remain frost free. This relieves the

sense of claustrophobia which might
otherwise be generated.

Conventional hardware was used
throughout except on the exterior

doors. These were fitted with bakelite

handles to prevent damp hands freez-

ing to them and shaped to provide a

good grip for heavily-mittened users.

Heating and Ventilating

With the building design fairl\' well

determined, maximum losses were
computed and found to be 415,000
B.t.u. per hour under the most severe

conditions expected. This, when com-
bined with the ventilation require-

ments and the heat loss occasioned

by drawing the diesel aspiration air

directly into the power room, totalled

less than the amount of heat which
could be recovered from the electronic

equipment and the diesel generators.

This confirmed the feasibility of heat-

ing entirely by recovered heat and the

practicality of a one-roof design. De-
tailed design on this basis could now
proceed.

Principal considerations in the de-

sign of the heating, cooling and ven-

tilating systems were:

(1) To provide adequate cooling

systems for the operating elements,

both mechanical and electrical.

(2) To ensure that individuality of

unit cooling systems be maintained

against the possibility of backup loss

by the failure of a common element

in the cooling system.

(3) To recover sufficient heat to

meet ali heating requirements.

Fig. 7 View of the antenna and feed

Horn structures.

(4) To provide adequate ventila-

tion.

To do this, two separate heat e.v

change plenum chambers were pro-

\ided near the equipment requiring

cooling; one in the power wing and
one in the equipment wing.

The electronic equipment uses

about 25"? of the energy input; the

difference is dissipated as heat. The
greatest energy loss associated with

this equipment is concentrated in the

klystron units. The 10-kw. output kly-

strons with their 40 kw. input utilize

both air and liquid cooling. The 2-kw.

output units are air cooled and dissi-

pate their heat direcíh- to the room.

The diesel generators provide the only

other source of heat and are liquid-

cooled.

The heat dissipated by the klystron

blower s\ stems is coUected by large

exhaust hoods co\-ering the area occu-

pied hy the khstrons. This heat is

ducted to a plenum chamber located

in tlie equipment wing heat exchange

room. Liquid cooling of the kh strons

is by circulating a 50-50 solution oí

eth> lene gh col and water through the

body and coUector of the klystron

tube to a heat exchange coil in the

plenum chamber. Each klvstron is

served hy a completeK separate pump,
piping, and heat exchange coil, and is

therefore independent of failure of its

neighbour.

The diesel generator liquid cooling

systems are similarly arranged. Each
unit is connected b\' a separate piping

s\ steni to indi\ idnal reniote radiators

located in a common plemnii chamber

at the end of the pow er room.
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With the heat largely concentrated

in the two plenum chambers, it could
be quite readily used or dissipated.

Four distinct duct systems were de-

veloped which permitted transfer of

heated air from the power room
plenum chamber to the power wing,

the garage and the hving quarters.

Use of the heat recovered from the

electronic equipment was hmited to

the heating of the equipment wing.

Ventilation of the power room is

provided in summer by manually-

operated propeller fans in the outside

walls discharging directly to atmo-
sphere. Power room comfort is main-
tained by these fans which provide 25
air changes per hour.

The equipment wing is ventilated in

summer by a series of modulating
dampers, bypasses, and thermostats

which introduce outside air into the

duct system, while exhausting the

heated air from the heat exchange to

outdoors. By this means equipment
room temperatures can be held to

within 12 degrees of outside ambient.

AU systems have humidifiers, smoke
alarms, and controls for automatic

heating and ventilation of the building

áreas as well as the cooling of the

electronic equipment and diesel gen-

erators.

AU sites are equipped with an auto-

matic fire detection system.

As the stations will be attended

continuously, fire-fighting will be

manual. Each wing is equipped with

portable CO2 extinguishers, supple-

mented by a bulk supply of CO2
stored in the garage in 50-lb. cylin-

ders. These cylinders are manifolded

together and fitted with a spray-

nozzled 150-ft. hose that can reach

ali parts of the building.

Survival Huts

The buildings were made as fire-

resistive as was economically feasible

under the difficult conditions. How-
ever, they are not fireproof. Survival

huts were built and equipped at each

of the remote locations to afford shel-

ter to a burnt-out crew until help

could arrive. These insulated huts, of

light wood and plywood construction,

are completely fitted out with heaters,

beds, cooking facilities, a small din-

ing area, emergency food storage, and
a small electrical generating set to

supply electric light and power to

operate an emergency radio.

In addition to their role as survival

huts, they will be used to accommo-
date visitors, road and building main-

tenance, transport crews or other per-

sonnel on site for short periods.

Sewers and Water

Insulated septic tanks were used to

dispose of sewage. The connecting

sewers were spiral wrapped with elec-

tric heating wires and insulated to

prevent freezing. These systems were

ali located in rock. Effluent disposal

beds were created from backfiU

blanketed with moss. The disposal

piping is not heated.

The rocky summits on which the

relay stations are located have no

readily available source of fresh water.

Small ponds occurred at Canatiche

and Sona Lake some 1500 ft. from the

station and about 75 ft. below the

summits. At Emeril a shallow well de-

veloped during construction at about

the same relative position gives prom-

ise of meeting the station needs.

The water is carried from pump
houses at the sources through elec-

trically-heated piping to the 4,000-

gaUon inside storage tank previously

mentioned. This piping is installed on

the surface in insulated troughs. Auto-

matic chlorination was incorporated in

ali systems.

Antennas

The next major structural com-

ponents to be considered were the

antennas. These were designed against

the following conditions. Wind 120

m.p.h. with 3 in. radial deposit of ice;

ambient temperature range -60 °F. to

100°F. plus sun effect. Maximum
permissible deviations under no-load

conditions were set at ±% in. over

the entire surface within the nominal

diameter as measured from the focal

point, but not to apply to small pro-

jections such as bolt heads.

It was further stipulated that maxi-

mum deflections be held to meet the

most severe of the following condi-

tions: (a) ± one inch to vertex with

100 m.p.h. wind and one inch radial

deposit of ice; (b) ± two inches to

lip with 120 m.p.h. wind with no ice.

Under maximum load conditions of

120 m.p.h. wind and 3 in. radial de-

posit of ice, maximum developed

stresses were not to exceed the elas-

tic limit.

Antennas of 60, 45, and 30 ft. dia-

meter were required. The 30 ft. size

was available with modifications as a

shelf item. The larger antennas re-

quired a different approach. Previous

experience had indicated the desir-

ability of designing large diameter an-

tennas, for use under the severe con-

ditions outlined, to transmit loads as

directly as possible to the founda-

tions. It is also considered advisable

to utilize standard steel sections, con-

ventional shop fabrication procedures,

and drive-bolted field connections.

Deflections of the antenna structure

are more readily controUed if the feed

horn is designed as a separate free-

standing structure.

The design was successfuUy devel-

oped along these hnes by Mr. Brian

Fig. 8 Another víew of the antenna and feed horn.
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R. Pony and his associates, Montreal

Consulting engineers, who also de-

signed the foundations for the an-

tennas.

The fact that the traces of planes

intersecting a paraboloid, and paral-

lel to its axis, are themselves para-

bolic and mathematically identical re-

gardless of their location on the para-

boloid, pemiitted the use of essen-

tiall>- duplicate vertical trusses. This

approach resulted in a satisfactory

structnre meeting ali requirements

and with the added virtue of great

simplicity (Fig. 7).

The rectilinear shape of the struc-

tnral backup also contributed to a

ready means of checking the accuracy

of the antenna surface in that it pro-

vided definite points to which the car-

tesian co-ordinates of surface check

points could be referred.

The antenna surfaces were fabri-

cated from 16-gauge galvanized steel

plate bolted to the frame with % in.

bolts on approximately 6 in. centres

(Fig. 8).

Due to the weight of the structures

and the multiple trusses, it was not

considered practieal to provide means
of altering the orientation of the an-

tenna. Nevertheless, ability to rotate

the beam within a moderate range

was desirable, not only to offset pos-

sible errors in orientation, but also to

select the position for optimum trans-

mission.

Fig. 9 Isometric view of feed horn tower.

-'5

>

The sweep required could be ac-

complished by varying the position of

the feed horn (Fig. 9) 12 in. left or

right of the horizontal axis, by tilting

the entire feed horn tower about its

base centre line. The base was pro-

vided with a simple jack screw and
hinge mechanism. In addition the feed

horn support was mounted on lead

screws by which it could be adjusted

±6 in. along the axis of the antenna,

with a similar arrangement for verti-

cal adjustment.

Antenna and Feed Horn Foundations

Ali the antennas would be founded

on rock. The foundations were in-

dividual concrete footings anchored

into the rock for each of the vertical

truss legs. The mass of these footings

was the minimum necessary to trans-

fer load from the anchor bolt assem-

bhes to the rock anchor system, as

bearing was not a controUing factor.

Fuel Supply

Since the power at ali sites is pro-

vided by diesel-driven units, this ne-

cessitates an adequate supply of diesel

fuel. Additionally there is the require-

ment for gasoline for vehicles and

other mechanical equipment.

Principal considerations in the de-

sign of the fuel supply systems were:

(1) type of fuel; (2) method of sup-

ply; (3) unloading facilities; (4) stor-

age facilities; (5) on-site pumping and

fuel handling facilities; (6) piping de-

sign.

Salient factors in the selection of

the fuel were a low pour-point and

low sulphur content. Type 1 Arctic

Diesel with a pour point of -45 ^F. and
maximum sulphur content of 1.09c

was selected.

A commercial supply of fuel is

avaílable at Knob Lake and Goose

Bay. Here no unloading facilities have

been provided. The obvious means of

supplying Canatiche and Emeril was

the Quebec North Shore and Labrador

Railway.

The trackside facilities are designed

to unload one to three 10,000-gal.

tank cars at one time without shunt-

ing or relocating the cars. A 25,000-

gal. storage tank at each siding

avoided the undesirable practice of

unloading directly from tank car to

tank truck and to overcome delay in

car unloadings due to interruption of

the truck haul.

The pumps are permanenth' piped

and so connected that by operation of

the valves they can be readily used

either to unload from rail or airborne

tankers or to load the tank vehicles

used to transport to the summits.

Three sizes of tanks with the fol-

lowing characteristics w^ere decided

upon.

(1) Field fabricated 25,000 Lg.

vertical tanks 20 ft. dia. by 12 ft. high.

(2) Prefabricated 5,000 Lg. hori-

zontal tanks 8 ft. dia. by 15 ft. 6 in.

long.

(3) Prefabricated 1,000 Lg. hori-

zontal tanks 4 ft. 8 in. dia. by 9 ft.

10 in. long.

Tank farms were provided at each

of the relay sites. These have a storage

capacity of approximately 125,000 gal.

per site, sufficient to carr\' the station

for a year with safet>".

To reduce maintenance, the pipe

layout was designed to provide ample
flexibility for ali pipe movements
without the use of flexible joints or

couplings, and to provide maximum
accessibility during inclement weather

consistent with acceptable and eco-

nomic piping practice. Precautions

taken to minimize the hazard of losses

due to pipe damage included the use

of vacuvmi breakers and foot valves.

Site Layouts

^^'ith the number and dimensions of

the major structural components de-

termined. it was possible to develop

the detailed site layouts. These were

required by the start of construction

as their relative positions are quite

important.

The electronic criteria relating to

the development of the site layout

stipulated:

(1) A separation of 200 ft. be-

tween the axis of antennas facing in

the same direction.

(2) The waveguides or styroflex

lead-ins for a pair of antennas to be

of the same length and not longer

than 300 ft. from their respective feed

horns to entr\- to the equipment build-

ing.

(3) Buildings and structures to be

kept clear of the antenna foreground

áreas co\ered by a horizontal angle

of 30"' to the left or right of the ver-

tical outer edges of the antenna re-

flectors.

In addition to the above, tlie loca-

tion of the approach roads and their

entrance to the site were go\ erned

hy the electrical characteristics of the

system.

To avoid signal interference b\-
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V chicle ignition systems, the approach
o K\ds had to traverse the aiea over-

iliot by the beams below a plane

tlii ough the lower rim of the antennas,

aud inclined at an angle 10° below
the horizontal.

Further, the roads were prohibited

from áreas in which the exposure to

radiations from the antennas vvould

exceed an intensity in excess of one
millivvatt/sq. cm. There are indica-

tions that higher exposures may prove
hannful to life.

The Canatiche and Emeríl station

sites were selected by office studies

during the winter of 1956-57. Field

information was limited to that pro-

cured by the siting party during brief

visits and was of reconnaissance sur-

vey order. Nevertheless, the develop-

ment of site plans could not be fur-

ther delayed.

An aerial inspection by light air-

craft flying at low altitude, was made
to select the most likely routes for

access roads to the Emeril and Cana-
tiche stations in early 1957. Various

possibilities were further investigated

by walking over the selected routes,

establishing traverses, securing some
spot leveis and notes on the topog-

raphy.

Rough contour plans were pre-

pared from this information, supple-

mented by data from maps and aerial

photographs, and the usual computa-
tions associated with the estimating

of road construction were made. As it

was anticipated that the work would
be done under a form of ownei--man-

aged cost-plus contract, it was con-

sidered that these methods would pro-

duce rèsults of adequate accuracy.

CONSTRUCTION
The individual stations differ

widely in ease of access and other

factors affecting the task involved in

their construction. Nevertheless, prog-

ress must be adjusted to overcome
these variations, so that ali reach the

same state by the first fixed dates in

the system schedule.

This frequently requires a distortion

of the normal sequence of work, and
contract arrangements must respect

this fact.

The purchase of materiais must be
coordinated to secure desired system

standardization, particularly of elec-

trical and mechanical items, without

undue resort to the closed specifica-

tion.

Overall policies relative to wages
and working conditions must avoid

differences between neighbouring

divisions of the work, which may
cause discontent and high labour turn-

over.

A Consolidated transportation con-

trol must be organized with facilities

available to ali elements, particularly

in áreas served only by chartered

transport facilities. If expensive job

delays are to be avoided, this trans-

portation setup must be under the

complete control of the organization

directly responsible for field progress.

The best types of contract for the

services of the various contractors

must be selected, and the degree of

direct control which the owner wishes

to retain must be determined and or-

ganized.

Although the programme required

that the system be ready for service

by June 1, 1958, necessary test and
lineup periods following the electronic

equipment installation established

secondary but criticai intermediate

points in the schedule. These required

that: (a) the equipment áreas be com-
pleted ready for the start of electronic

equipment installation by December
1, 1957; (b) the station power plants

be ready to deliver power at full oper-

ational levei by March 1, 1958; (c)

the antennas, feed horns, and wave-

guide installations be ready for full

operational test by April 15, 1958.

May Ist was the earliest date by
which the design programme could

be completed and specifications pre-

pared. From experience, July Ist was
the earliest date for major work on

the access roads following the spring

breakup, and contracts must be

awarded in time to start work by that

date. Materials to be ordered by the

general contractors must therefore be

limited to those readily available. Con-

sequently, ali elements which re-

quired specific manufacture were
listed from advance working drawings.

To this list were added any items

which were to be standard through-

out the system.

Materials so identified were pro-

cured directly by the owners and is-

sued to the job. They included the

building shells, the antennas, feed

horn towers and feed horns, wave-
guides, petroleum tanks, fans, motors,

and controls for the heating and ven-

tilating system.

The contracts for the erection of

the antennas and the fuel oil tanks

were arranged and administered

directly by the owners. Issue items

were listed in the tender calls to con-

struction contractors, who were re-

quired to carry out the quantity siu--

veys and purchase ali other materiais

necessary for the construction work.

By this division of work, materiais

were made available in time, the de-

sired degree of standardization was
achieved, and the talents of the gen-

eral contractor's staff were brought to

bear at the earliest opportunity.

General policies relative to on-site

pay and working conditions, devel-

oped to avoid disparity between sites,

were set out in the tender calls. It

was recognized that, if the labour re-

sponse proved inadequate, they would
have to be adjusted.

General Contract Arrangements

Unpredictable elements, which
might seriously affect cost, prohibited

the use of fixed price contracts. De-
tailed plans and specifications of the

structures involved were available in

time to tender. It was considered that

these, plus an approximate delinea-

tion of the on-site freight handling

and roadwork, provided sufficient in-

formation on which to base competi-

tive tenders on a cost plus fixed fee

basis. Competitive elements included

the fee, offsite overhead, and the

equipment rental rates. Responses

were well grouped and highly compe-
titive, confirming the feasibility of the

method of tendering. The invitations

to tender described fully the extent

of owner management under which
the work was to be executed.

Isolation pay or special incentive

pay other than that inherent in the

sixty-hour work week was not of-

fered. No difficulty was encountered

by the contractors when recruiting

labour, although it was found neces-

sary to offer a 70-hour week to steel

erectors. An extremely small propor-

tion rejected employment when in-

formed of the dry rule, but the em-
ployers considered that the job gained

more than it lost by these rejections.

Sona Lake

Sona Lake provided the only excep-

tion to the contract arrangements out-

lined above. The construction of this

station depended entirely on transpor-

tation by aircraft. The station is on a

mountain-top approximately four miles

from the shoreline of the lake. The
sin-rounding area is broken by ridges

interspersed with extensive swamps
and boulder fields. It is devoid of

eskers or other fortuitous deposits

suitable for the construction of a tem-
porary airstrip. The lake presents the

only feasible landing area.

The largest aniphibious aircraft

commercialh- available in Canada is

the Canso. The largest commercially
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a\ailable aircraft which can be
equipped with skis and landed on an
uiiprepaied area is the DC3, and
stucl\ indicated it would be feasible

to land this aircraft on the frozen

lake. With the equipment which could

be transported by DC3, an ice strip

capable of accommodating larger

froiglit planes, Hmited to wheeled
landings, might be developed on the

lake.

In view of the more economical

rates and greater bulk capacities of

the wheeled aircraft, which would
largely obviate dismantling the con-

struction equipment and diesel gener-

ators, it was decided to carry out an

advance winter airlift during the late

winter and spring of 1957.

A detailed plan for the construction

of the site was developed by the

owners from advance drawings and
data available from previous projects.

This included estimates of labour,

camp size, construction equipment,
fuel, diesel oil and gasoline require-

ment, food, camp supplies, and con-

struction materiais. In this instance,

and in the absence of plans and speci-

fications on which competitive tender-

ing could be based, a contract was
arranged with a selected contractor

on a cost plus basis.

An advance party made up largely

of contractors personnel under the

control of a Company transport fore-

man was sent to the site in early Feb-
ruary. A small camp was established

on shore at the proposed origin of the

access road. A radio beacon was in-

stalled and a freight marshalling area

cleared. A miniature bulldozer and
jeep left on site by a previous engi-

neering exploration party had been
purchased and were used to assist in

clearing a preliminary ice strip. Sup-
port of this partv was initially by the

ski-equipped DC3. With the snow
blanket removed, the ice thickness in-

creased steadily until by early March
the 34 in. required to land C46 air-

craft was reached. It was not expected
that the ice thickness would last be-

yond April Ist. A shortage of C46 air-

craft and mild weather which flooded

the airstrip, further reduced the trans-

portation by heavy aircraft. However,
with the assistance of the radio bea-

con and temporary strip lighting,

round the clock flying was possible

during good weather. The contrac-

tor's equipment, one of the permanent
diesel generators, muskeg tractors,

sections of the antennas, and fuel

tanks too large to be transported by
Canso were moved in first. With this

accomplished, the programme was as-

sured. However, heavy aircraft flying

was continued as late as possible to

take full advantage of the economies.

The entire air operation was car-

ried out with but one mishap. This

involved a C46 aircraft, carrying a

six-ton tractor, which landed on the

ice strip April 6:h with its under-

carriage up. The aircraft lost its pro-

pellers, air intakes, and other parts.

The tractor stayed put, testimony to

the efficiency of the transport group,

and the crew were unhurt. The air

operator was in a less happy position,

but the entire construction party

worked shift to jack the aircraft and
make ready for the salvage party. This

party arrived April 9th with necessary

replacement parts, and the aircraft

took off April 13, seven days after

the accident.

By April 28th the ice had thinned

until it would no longer support heavy
aircraft landings. However, contact

with the advance party was main-
tained with light ski-equipped aircraft

until May 22nd. From then to June
9th when the first water landing was
made, the advance party of twenty-

four men was isolated.

It had been hoped to establish a

winter tote road to the summit, trans-

port the freight on hand, and estab-

lish the main construction camp.
However, despite the use of muskeg
tractors, the attempt was abandoned.
Consequently the advance party

limited their efforts during the spring

period to improving the lake camp,
the marshalling area, building a motor
vehicle repair shelter, and generally

getting ready for the summer opera-

tion. By the time the snow was gone,

the Sona Lake programme was ad-
vanced sufficiently to keep pace with
the other stations and maintain

Schedule.

A total of 500 tons was moved in

during March and April. The heaviest

lift was a 6-ton tractor. Ali material

lifted during this operation was trans-

ported to Seven Islands by the north

shore route and flown in from there.

Access Roads

It was proposed to bring the per-

manent roads only to "carriageable"

grade of single pass width as their

use would be limited to the domestic

traffic of the permanent operating

crew of seven plus the annual trans-

portation of approximateh' 125,000

gal. of oil. The operational plan fur-

ther contemplated equipping the sta-

tions with muskeg tractors and trailers

to handle essential traffic during

spring breakup and in winter when
it might prove impractical to keep the

roads plowed. Nevertheless, the start

of transportation of materiais to the

summits, the establishment of con-

struction camps, and the start of work
on the stations proper could not be
delayed until the access roads had
been built. With about 12 weeks
available before severe winter weather

and 20 weeks before the electronic

equipment áreas must be ready for

the installation programme, it was
essential that tote roads be cut

through to the sites at the srunmits as

quickly as possible. Construction of

the permanent roads would be carried

on concurrently.

Summer Construction 1957

The tote roads \^'ere traversable

only by tracked vehicles. Stone boats

and heavy dut\' farm u-agons were
used as tows. However, platform-

equipped heavy duty loeging sleighs

proved the most sucessful tow over

the wet soil conditions encountered.

A D4 tractor or equivalent towing

such a sleigh could handle a sLx-ton

load over the tote roads at an average

speed of about two miles per hour.

Winching was resorted to when re-

quired to overcome the txpical sharp

pitch to the summit. The tote roads,

because of the high húmus overbur-

den and the light nature of the sub-

soil, cut through after relatively little

use. Corduro\ing crews were kept

busy continuously repairing the softer

spots, but eventually sections had to

be abandoned and bN-passing sections

made ready. The crews became expert

at anticipating such spots and usually

the b>pass was located, cleared. and

at least approaching readiness by the

time the worn out section became im-

passable to freight.

Rock excavation and drilling equip-

ment had been transported to the

summits at the earliest possible date

to prepare the foundation áreas. Xext.

aggregate for the foundations (500 to

700 tons per site) was hauled dis-

tances of from four to seven miles

At times aroimd-the-clock transport

was needed to keep sufficient mater-

iais ahead of the construction crews.

As the permanent roads advanced

and could be used the slower tracked-

vehicle haul was shortened.

With freight access and camps es-

tablished on site, an effort was made
to construct ali foundations practic-

ally concurrentK', as this was neces-

sary if the ooncrete w ork was to be

completed before cold w eather set in.

This work was dominated b\ the need

to achiex e an accurate orientation of
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rhe antennas and to maintain the rela-

rive positions of the other structures.

A relatively rainy summer hindered
hauling aggregates over the tote roads,

and the exterior concrete programme
vvas not achieved. However, by freeze-

up in early October ali major con-

crete work had been completed. Final

•iinall items such as pump bases and
^eptic tanks were poured by early

November. The usual devices of

neated aggregates, tarpaulins, and hot

a ir heaters provided ali the protection

required for this miscellaneous work.

No extensive heated hoarding was
needed.

The advance anticipated in the

t rection of the equipment wings with

timber foundations and floors was
realized.

The shells for the equipment wings

were fully erected, the buildings

closed in and interior work well in

hand by the time the foundation work
for the diesel wing was completed.

Results varied slightly from site to

site. However, by November Ist or

approximately two weeks after the

onset of severe winter weather, the

shells of ali buildings had been
erected and closed in. The equipment
wings at ali sites were completed
ready for the start of the electronic

equipment installation programme by
December 1, approximately twelve
weeks from the start of construction.

The bases for the petroleum tanks

had been made ready by the general

contractors concurrently with the early

foundation work and the steel plate

transported to the sites in readiness

for the erection crews. These tanks

were assembled by field welding in

the usual way. A travelling crew of

nine men started the tank erection

September lOth and completed the

task, including testing, by the end of

October. Associated pump, piping and
electrical work was carried out by the

general contractors.

Antenna Erection

The antenna erection crews were
brought in during October. Erection

was carried out concurrently at ali

sites. A typical erection crew com-
prised a foreman, a lead hand and ten

erectors. Ali steel had been laid out

on site before arrival of the erection

crews. A mechanical crane was availr

able at Goose Bay, but at ali other

sites a gin pole was used. Erection
was unavoidably over the period from
November undl mid-February. Some
of the winter's most severe weather
occurred during this period. Tempera-

tures dropped as low as -40 °F, strong

winds were fairly constant. Despite

this a seven-day work week was main-

tained by ali erection crews. The total

lost time due to weather was less than

2%, and there was not a single lost

time accident. The twenty antennas

required for the system with their as-

sociated feed horn towers weighed 840
tons and included 26,808 structural

members.

Construction of permanent roads

was retarded by freight moving over

them. Attempts to minimize this by
parallelling tote roads were generally

not feasible.

The construction of the Canatiche

road proved much easier than had
been anticipated. By the end of Aug-
ust a passable truck road had been
constructed to about half a mile from
the summit. Although the last half

mile was the toughest, the prospect of

easy truck access was tempting. It

was decided to complete the road and
let the construction materiais accu-

mulate at the rail side.

By September 23, with nine weeks
to complete the equipment building,

and the truck road still 2,000 feet

short, work on the permanent road
had to be suspended and toting re-

sumed. Round the clock shift work
was instituted to offset the time lost.

The "building ready" date was barely

met, with difficulty. This was the

only, apparently more logical, attempt

to build the access road first.

At Emeril, the ten miles of road
had been corduroyed and the base
laid by freezeup. However, about two
feet of gravei was required to bring

it to grade. It was expected that win-

ter conditions would stop the work,

but the gravei proved relatively dry

and workable for the required period.

The road built under these condi-

tions might well prove impassable

during the spring thaw but this did

not occur. It is not suggested that

winter is the best time to build roads

in comparable áreas, but in this in-

stance it proved practical.

The Sona Lake reconnaisance party

found evidence indicating extensive

gravei deposits, typical of this area.

Construction equipment was scaled to

meet this indication. However, it was
later discovered that the showing was
merely a minor pocket, and the entire

area traversed by the road was other-

wise devoid of gravei. A substantial

deposit, three miles across the lake,

could not be linked by road.

A raft was constructed from oil

drums and powered with outboard

motors. A 5-ton loader was trans-

ported across the lake to the gravei

deposit, and about 600 tons of aggre-

gate were ferried over during the

summer. This was sufficient for ali

concrete work. The access road was
corduroyed and ballasted with the

fine sand available until freighting

with tracked vehicles was possible.

The construction of the station pro-

ceeded on schedule.

An ice road was opened across the

lake during the following winter and
8000 yd. of gravei were hauled and
stockpiled. There were too few trucks

to carry on road construcion during

the winter, although no difficulty was
experienced handling the gravei.

The contractors' heavy equipment
was removed in April as the 1958
heavy airlift drew to a close. Distribu-

tion of gravei and final road grading

was carried out by a small work party

during the following summer, using

equipment permanently assigned to

the site for road maintenance.

At May 21, 1958, less than eleven

months after the start of construction,

the entire project was essentially com-
pleted; electronic equipment was in-

stalled and tested. The total force en-

gaged on the construction and trans-

portation work built up from zero in

earlv July 1957 to a peak of six hun-

dred (September 15th to October

15th), and then fell steadilv to four

hundred bv Januarv 15, 1958, when
an even sharper decline began. At
May 1958 less than one hundred were
engaged dismantling camps, removing
construction equipment, and clearing

up minor tasks. Ali intermediate dates

as well as the final dates of the con-

struction Schedule were met. Approxi-

mately 12.000 tons of material were
marshalled and transported to the sites

by rail, sea, and air. Air transpor^ation

cost over $600,000. Despite site-to-

site variations from estimated, the cost

of the construction and transportation

programme should aggregate approxi-

mately one per cent less than the

owners' original estimate.
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INTRODUCTION
/)(/ Per Hall, P.Eng., m.e.i.c

THE DEAS ISLAND Tunnel, a

four-lane veliicular traffic facility,

is now linder construction near Van-
couver for the British Columbia Toll

Highways and Bridges Authority. The
tunnel will provide a second, urgent-
ly needed, pennanent crossing of the
Fraser River and will form part of a

major new freeway-type radial high-

way emanating southward from Can-
ada's western seaport.

This crossing (Fig. 1) will open
the way for the southerly expansion
of the metropolitan area which, until

now, has been channelled to the east

between the two water barriers of

Burrard Inlet and the Fraser River.

It will augment the capacity of the

existing Pattullo Bridge at New
Westminster which has already be-

come overtaxed, and will replace the

present inadequate ferry service

operating to Ladner, B.C. Comple-
menting a new vehicular route the

crossing will open large áreas of

land for residential and industrial

development by offering fast, safe

transit into and out of Vancouver.
In 1903 the first permanent cross-

ing of the Fraser was established

with the construction of a combined
highway-railway bridge at New
Westminster. Then in 1912 a ferry

service was introduced at Ladner,
instead of the bridge requested by a

Delta Municipality citizens group.

By 1925 the New Westminster
crossing was inadequate for the traf-

fic requirements and the Govern-
ment toòk steps to ensure the future

development of routes. As a result

a private company undertook the

construction of a bridge at Deas
Island in 1933. This venture failed

in that same year, and it was not
until 1937 that the fii-st new cross-

ing, the Pattullo Bridge, opened to

replace the highway portion of the

New Westminster span.

By 1953, the Pattullo Bridge, pur-

ported to be capable of handling

3,000 vehicles an hour in one direc-

tion, was obviously near saturation.

At this time, studies were initiated

to determine the future need for

highways and crossings. The result-

ing report recognized the overtaxing

of existing facilities and the impera-
tive need for additional crossings of

the Fraser.

A subsequent study, prepared
jointly by Foundation of Canada En-
gineering Corporation Limited and
Christiani & Nielsen, recommended
the construction of a four-lane tun-

sel at Deas Island. This was based
on studies of possible locations at

Port Mann, Annacis Island, Tilbury

Island, and Deas Island, and on an
analysis of traffic growth and future

routes.

Physical Site Conditions

The area in which the tunnel is

located is extremely flat, low lying,

and bare of timber. It is protected

from flooding by 6-foot dykes run-

ning downstream from Annacis

Island to the mouth of the river.

Borings taken during preliminary

studies indicated the presence in

this area of a heterogeneous soil

consisting of sand, silt and clay, with

little uniformity of structure either

in occurrence or in degree of com-
pactness of the strata. The condi-

tions suggested the possibility of

considerable settlements for which
allowance would have to be made
in the design. However, a tunnel,

unlike a bridge, would not impose
any significant loads on the soil, and,

therefore, would be a more suitable

type of structure at this site.

The flow of the Fraser River.

varying from 21,000 cfs. to 536,000

cfs. as measured some 60 miles up-

stream of the tunnel site at Hope,
B.C., is markedh" effected by tidal

fluctuations in the Strait of Geórgia.

The tides and river discharge com-
bine to give a water levei range of

11 feet at the tunnel and a reversal

of flow ranging from 7 fps. down-
stream to 3 fps. upstream.

The cinrent in the river and the

great variation in discharge combined
with the nature of the bed material

accentuate the scour and fill action

normally observed in restricted chan-

nels at time of high water. In addi-

tion, material is transported in sus-

pension while a bed load is carried

along in the form of dunes.

A major consideration in the se-

lection of the t\pe and construction

of a crossing at this site was that of

providing adequate clearance for the

navigation of ocean shipping moxing
up the Fraser to New Westminster.

It was necessary to plan the cross-

ing to provide not only the size of

channel required at present, but also

that which might be necessan- at

some time in the future. Since the

channel in the Fraser must be main-

tained by extensiva dredging it was

also necessary to design the struc-

ture so as to avoid hannful changes

in the existing scour and fill pattern.

Comparative studies of a bridge

and a tunnel indicated that the t\m-

nel could be built so as to avoid

serious change in the hydraulic sec-

tion of the river or dangerous reac-

tion of the foundation soil.

In addition, the tminel oould be

built more economicalK" than a

bridge and, in requiring vehicles to

de\iate only 80 feet from the hori-

zontal as compared to 160 feet for

the bridge. would provide for more

economical passage of traffic.

As a result of the studies of traffic

needs, site conditions. and the rela-

tive merits of a bridge and a trninel.

it was recommended that a timnel

be constructed under the Fraser

River at Deas Island (see Fig. 8).

GENER.\L LAYOUT and
STRUCTURAL DESIGN
by T. Brtvndum-Xichcn. P.Ejií.

and H. R. Kivisild. D.Eug.

The approaches at both ends of the

tunnel are constructed as open

tioughs right out to the river banks

to reduce as much as possible the

length of the tininel proper. Between

each approach and the tunnel is a

ventilation building. This general ar-

rangenient was found to provide an

economical balance between the

costs of the structure and those of

the technical installations. The re-

duced length of closed tmuiel niade

possible b\ this 1a>out also affords
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a leduction in operating costs, as

neither ventilation nor daytime illu-

miiiation of the open appioaches is

required. Ali horizontal curves have
been avoided to make passage of ve-

hicles and inspection of traffic con-

ditions easier.

Figure 2 shows a cross-section of

the tunnel. There are four traffic

lanes, each 12 feet wide, with a ver-

tical clearance of 14 feet. The two-

lane roadway for northbound traffic

is separated from the southbound
roadway by a longitudinal partition

vvall, the sidas of which are sloped

to improve acoustics. A bituminous
road-surfacing has been chosen be-

cause of its smoothness, ease of re-

pair, and sound-damping qualities.

The two ventilation ducts, which run

the entire length of the tunnel, are

placed on the outer sides of the

roadway tubes.

The subaqueous part of the tunnel

consists of six precast reinforced con-

crete elements, each about 344 feet

long, 78 feet wide, 24 feet high and
weighing approximately 18,000 tons.

The elements are cast in a dry dock
excavated for the purpose near the

site and later floated out and sunk

in position in a trench dredged in

the river bottom.

The tunnel elements are water-

proofed with a 3/16 inch steel plate

under the bottom slab and a bitu-

minous membrane of the built-up

type on the walls and the roof, ex-

cept for a distance of 11 feet at

each end of the tunnel elements,

where a collar of 3/16 inch steel

plate is used to facilitate the com-
plete waterproofing of the tunnel at

the joint between the elements. Steel

plate waterproofing is also provided

within áreas of the roof where em-
bedded parts penetrate the mem-
brane.

The waterproofing membrane
(asphalt with glass fibre reinforcing)

is protected by a 4 inch thick layer

of reinforced concrete under the bot-

tom and on the top, and by 4 inch

wood planking on the walls.

When an element has been sunk

into its final position in the trench

and temporarily joined to the ele-

ment previously sunk, sand is jetted

between the element and the bottom

of the trench, and backfilled at both

sides of the tunnel element. The
river bottom is protected by means

of articulated reinforced concrete

mattresses covered by a layer of

stone and rock, and rock protection is

placed on top of the tunnel.

Approaches

Traffic requirements have deter-

mined the roadway geometry and

thus the basic dimensions for the

1,800 ft. long approach on the Lulu

Island side, which is shown on Fig.

3. The roadway drops 50 ft. over the

length of this approach.

Both approaches and access roads

are on extremely flat land, little de-

veloped and almost bare of timber.
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Fig. 2. Cross section of tunnel.

These factors favouied the adoption

of the deep open approaches, which
vvere designed as concrete troughs

(Fig. 3 and 4).

A central wall running between
the roadways for a distance of 420
ft. from the portais assists in ven-

tilating the tunnel. This wall pre-

vents the passage of vitiated air

from one tube of the tunnel to che

entrance of the other where it might
be sucked into the tunnel.

Aluminum louvres are placed

above the roadway for 310 feet in

front of each of the two tunnel en-

trances and for 186 feet at the exits.

By shading the roadway from direct

sunlight, these louvres provide a

transition, on sunny days, from bright

sunlight to the lower light intensity

in the tunnel.

Between each approach and the

tunnel proper, a ventilation building

provides a transition between the

open trough and the closed sub-

aqueous portions (Fig. 3 and 5).

Approach áreas on both sides are

a few feet above average river stage,

but below high water stages. Al-

though the north approach is behind
the river dyke system, additional

earth dykes encircle the approach
area on both sides.

These dykes protect the ap-
proaches against crests of waves and
surges and daily flood peaks. Under
normal conditions the water is re-

tained by the concrete walls of the
troughs. If these walls had been
built to retain maximum river stages,

sections would have had to be in-

creased considerably, with higher
overall cost.

The mild climate with shallow
maximum frost penetration depth
(2.5 feet in normal soils) permitted
the foundation of roadway troughs
directiy on the soil with bottom slab

thickness varying for structural rea-

sons only.

The troughs were designed as re-

inforced concrete sections. Two sec-

tions of approach structure were
evolved, one being the gravity type

trough used in the shallower parts

and lhe other being one with canti-

levered slabs extending into the earth

to provide safety against uplift. (Fig.

5.) At the deepest portion the side

walls are strutted.

Because of the heterogeneous na-

ture of the subsoil, with lenses of

sand, silt and clay, it was found ad-

visable to divide the approach struc-

ture into 30 foot and 46.5 foot units

connected by keys. The whole of the

outer surface of the structure is

waterproofed with an asphalt and
fibreglass membrane, and the joints

are provided with polyvinyl water-

stops.

Basic dimensions of the concrete

troughs give sufficient safety against

uplift and excessive deflections.

Since the trough dimensions are very

sensitive to changes in stability re-

quirements and soil properties, a

whole range of conditions was inves-

tigated, and sliding was studied

along various possible planes. Since

the tunnel is located in a zone 3

earthquake area, various combina-
tions of horizontal and vertical accel-

erations were considered. Because of

the possibility of sand quickening

under shock, a lowering of soil fric-

tion angle by vibration was taken

into account. The combinations used

were 0.21g with a friction angle of

30°, O.lg with a friction angle of

20°, and gravity acceleration only

with a friction angle of 15°.

As the main load in the structural

design of side walls, a pressure of

soil at rest combined with water to

the crest of the troughs was consider-

ed. Reversal of stresses was checked

by assuming only active soil pressure

and a lowered ground water levei.

The calculated reinforcing was

checked for forces acting during

earthquakes.

In the main troughs, shear rein-

forcing was eliminated by increasing

the thickness of the slabs. Longitu-

dinal reinforcing was pro\ided in

gravity sections on the basis of sub-

grade drag theory and in the heavily

reinforced units on the basis of the

minimum required to distribute

cracks as specified by building codes.

\'entilation Buildings

The ventilation buildings house the

main fans for the tunnel and the

necessary equipment for the control

of the ventilation, Hghting and
traffic.

As alread>' mentioned. it was con-

sidered necessary to divide the ap-

proach into relatively short units.

For the same reason the ventilation

buildings were made self-supporting

so that they act as dams founded on

slabs.

The walls on the river sides of the

ventilation buildings rel^ain earth and
water. These forces are carried dowii

to the base slabs by ihree longitu-

dinal internai partition walls and by
buttresses on the river side. These

frames act in the same way as the

buttresses of a buttress dam, al-

though in this case the\' are working

basicalh" in tension.

Tunnel Section

The structural desi^ni of the tmi-

nel section was made in accordance

with the National Building Code of

Canada.

The loads on the tunnel are: (a'

weight of tunnel; (b) water pressure

corresponding to hich water levei;

(c) rock fill and sand deposits on the

tunnel; (d) soil reaction; (et friction-

al forces, i.e. vertical forces on the

outer walls of the tunnel, caused b\

differential settlements of the giound

below and outside the tunnel; (ft
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i- iithquake loads.

For ordinary loads, items (a) to (e^

the allowable stresses were computed
III accordance wilh ihe National

Building Code of Canada.

The Hardy Cross moment distii-

!)ution method was adopted in the

inalysis of the cross-sections of the

piecast tunnel elements. A number
of cross-seciions were analysed, a

considerable number of load combin-

ations being considered for each. In

order to reduce the amount of cal-

culation required, certain unit load-

iiig cases were chosen, for which the

bending moments and normal forces

were calculated. Any load combina-

tion could then be calculated easily

by appropriately superposing the

effects of the unit loading cases

chosen.

The analysis proved that a uni-

form cross-section was anpropriate

for the entire length of the tunnel,

and that even the reinforcement

could be the same for ali cross-

sections, except for a few minor vari-

ations near the ends of the tunnel.

In the floating tunnel element,

bending moments occur in the longi-

tudinal direction. These were kept

within permissible limits by an ap-

propriate placing of the ballast and
did not, therefore, necessitate addi-

tional reinforcement.

Differential Settlements

According to the subsoil investiga-

tions, the layers directly below the

future tunnel bottom are mainly

compressible silt. The influence of

the settlements of these layers was
investigated. Undisturbed samples

were taken from the silt layers by
means of thin-walled tube samplers

and Oedometer tests were carried

out on the samples extracted.

As the weight of the iunnel and
backfill will be less than the weight

of the soil dredged from the trench,

the movement of the bottom of the

trench will correspond to rebound
when the trench is dredged, fol-

lowed by some compression after the

tunnel is placed. From the settlement

calculations, it was found that the

probable settlements would be 3 to

4 inches.

The tunnel was analysed as a beam
on elastic foundation, loaded with a

sinusoidal load having a maximum
corresponding to rock fill plus 20
feet of sand, and a minimum corres-

ponding to rock fill alone.

The tunnel structure was designed

to be capable of following possible

differential settlements without crack-

ing. This called for a shallow cross-

section, which was obtained by plac-
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Fig. 3. Layout of Lulu Island approach.

ing the ventilation ducts within the

height occupied by the roadway
tubes.

The backfill on boíh sides of the

tunnel represents a heavier loading

on the silt than does the tunnel
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piopt-r. Tliis inclucles ditterential set-

tloinents wliicli resiilt in vertical fric-

tioii foices betweeii the backfill and

the outei" walls, with conesponding

\-ertical shear stiesses also tians-

ferred thiough tlie soil above the

tunnel in the planes of the exterior

lateral faces of the tunnel. These

loads were taken into acconnt in the

stress analysis and were calculated

by equalizing the elastic deforma-

tions of the cross-section and the cor-

responding settlements of the silt.

Different distributions of the soil re-

action beneath the tunnel were con-

sidered, and for each case the ver-

tical friction forces and shear stresses

were calculated. It was found, how-
ever, that the deformations of the

cross-section and consequently also

the stresses in the tunnel were prac-

tically independent of the assumed
distribution of soil reaction.

Earthquake Resistant Design

The literature on earthquake re-

sistant design of buildings is mainly

confined to structures above ground
levei. Very little information is avail-

able on structures below ground

levei, and it is generally assumed
that these suffer less damage during

earthquakes than do structures above
ground.

Since the Deas Island Tunnel is

located in a zone .3 area, the effect

of earthquakes on tunnels was stud-

ied thoroughly.

The conventional design procedure

for structures exposed to earthquakes

is to apply a horizontal acceleration

to ali parts of the structure. The
acceleration of the masses of the dif-

ferent parts of the structure gives

corresponding horizontal forces. The
acceleration applied is often taken

as 10 per cent of the acceleration of

gravity but different values may be
specified. The National Building

Code of Canada specifies different

values depending on the site and
the type of structure.

By applying a horizontal accelera-

tion to the earth mass, shear stresses

will be set up in the soil. This

method of approach corresponds,

therefore, to shear waves transmitted

through the médium. It is obvioiís

that the shear stresses caused by ihe

horizontal acceleration cannot exceed

the shear strength of the soil, for if

they did a failure would take place

and the total energy of the earth-

quake would not be transmitted.

The maximum possible accelera-

tion of shear waves will depend upon
the shear strength of the médium
through which the wa\'es are trans-

mitted. The maximiun intensity ob-

served on light geological fomiations

is about 8 in the Modified Mercalli

Scale, corresponding to an acceler-

ation of 27 per cent of the acceler-

ation of gravity.

During earthquakes. the stress

changes take place so rapidly that

no water can escape from the pores

of the soil, which consists in this

case of rather fine sand. The stress

changes will result, therefore, in ex-

cessive pore pressures.

From theoretical considerations it

was found that shear waves with an

acceleration exceeding 21 per cent

of gravity would cause failure in the

soil. Thus the soil \\ ould not be cap-

able of transmitting stronger shear

waves.

The design was based, therefore,

on a maximum acceleration of 21

per cent of gravity. For this accel-

eration, shear forces equal to 21 per

cent of the ox erburden were assumed

to be transmitted to the roof of the

tunnel. In addition, an increase in

the soil pressme on the outer walls

of the tunnel, up to a value corres-

ponding to the pressure from a liquid

of the same densit> as that of the

sand, was assumed.

The tunnel was so desigiied for

this loading condition, corresponding

to the failure condition in the soil

layers. that the stresses excced

neither the \ ield point of the steel

nor the compressive strength of the

concrete.

Before it was finalK decidod to
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Fig. 5. Layout of ventilation buildings.

hase the design ou the above prin-

cipies, an attempt was made to ap-

I^roach the problem in one of the

tollowing two ways:

A theoretical study of haimonic

LOinpression waves through an elas-

tic medinm showed that the effect

of such waves corresponds to an in-

Liease in the soil pressuie on the

outer walls of the tnnnel, which was
111 accord with the coiresponding in-

eiease arrived at by the above con-

siderations based on shear waves.

Compression waves, however, do not

(.ause shear forces on the tunnel

(sidesway) and are consequently less

dangerous than shear waves.

The results of a large number of

earthquake tests on retaining walls

backfilled with sand were stndied.

According to these experimental

data, the increase in soil pressure on
the outer walls of the tunnel would
be smaller than the increase found
by the theoretical shear wave con-

siderations.

As a result it was found that the

shear wave theory led to the most
conservative design. Moreover, the

structural analysis proved that a de-

sign based on this theory would re-

quire only slightly greater quantities

of materiais than would be the case

were earthquake loading completely

neglected. Consequently, it was de-

cided to base the design on the shear

wave theory.

Safety Against Uplift

For the completed tunnel, the fac-

tor of safety against uplift, under
the most unfavourable conditions, is

1.16. Ali loads were checked during
the construction period in order to

reveal possible deviations from the

design assumptions. If the frictional

forces between the backfill and the

outer walls were taken into account,
the factor of safety against uplift

would be 1.28.

HYDRAULIC DESIGN
by H. R. Kivisild, D.Eng.

The CROSSING is about 6 miles from
the mouth of the Fraser River, .and

well within the tidal range which
extends some 50 miles farther up-
stream. Normal tidal range is about

6 to 8 feet outside flood periods.

Tidal currents are strong, reversing

the flow during low discharge

periods.

The river discharge is low during

the winter, averaging approximately

21,000 cfs at Hope, B.C., with a

minimum of 12,000 cfs. During the

spring freshet, a discharge of 536,-

000 cfs has been recorded at Hope.
A peak of 700,000 cfs is estimated

to have a frequency of once in 1,000

years. At the site, outflow from

various lakes between Hope and the

site increases the discharge. This in-

crease is again reduced by diversions

to the North and Middle Arms a few
miles upstream from the site.

During flood periods, river cur-

rents at the site are governed by dis-

charge; during the winter months
tides are the major cause of currents.

Definite current patterns were estab-

lished by velocity measurements and
related to predict favourable periods

for sinking operations.

The mildness of the climate pre-

cludes appreciable ice formation on

the lower reaches of the Fraser

River, except during the infrequent

periods of low temperature. Local ice

is not important, but ice floes from

upstream may be up to 100 feet in

diameter and a few feet thick.

Since the river current reverses

during winter months, some salt

water is carried upstream past the

site. The salt water, being denser

than fresh, takes the general forni

of a wedge, lifting the fresh water

as it progresses upstream. The den-

sity of water on some days has varied

from 1.00 at the surface to 1.02 at

the bed. Obviously, this wedge had
a special importance in planning

sinking operations.

River Regime
The current in the river, com-

bined with the nature of the bed
material, gives rise to considerable

scour and fill action. A portion of the

material is transported in suspension

while the bed load forms dunes along

the channel. These dunes have
reached an amplitude of 15 feet with

a length of 500 feet and ma>- move
downstream at a rate of up to 250
feet a day.

The river is constrained b\ dykes
and revetments. Thus the shores are

fixed. The only meandering is the

shifting of the talweg and river bed
contours from year to year.

Existing data on the river regime
were supplemented by periodic

soundings, bed load measurements,
and trial trenches in the river bed.

On the average the bed load samples

were made up of 10% coarse sand,

80% médium sand, and 10% fine sand.

Bed load was found to follow Schok-

litsch's law for sedimentation.

For a study of tunnel effects on

Fig. 6. Profile of tunnel showing navigation clearance.
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Fig. 7. Cross section of tunnel in place.

river resinie, future river channels

were estima*^ed. These depend on
various alternative river training

programmes.

A certain amount of dredging is

required to maintain definite depths

and vid hs and also to provide a

desirable course for any fairwav. In

addition to these corrective dredg-

ings, continuous or periodic excava-

tion of river bed material would be
reauired if the section of the river

with the planned fairvvavs gets out

of balance, and in the Fraser River

the amount of dredging rapidly be-

comes verv hiçrh.

Assuming the future characteristic

discharo^e to be thp same as at present,

the maximum stable depth from low
water will be about 28 feet for a 1400-

foot fairwa\' when the river is trained

to that width and 37 feet for a 700-

foot fairwav inside the larger chan-
nel. Navio^able depths are about 8
feet less than the average depths of

stable fairways given above because
of bed waves which reach 15 feet

in the lower Fraser River.

Navi^ation

At present, the main river traffic

of deen sea vessels past the site is

directed to the Port of New West-
minster, and amounts to some 400
vessels totalling about 2.5 million

gross tons. Present navigation clear-

ance is 22.5 feet below low water
over a width of 300 feet.

For fMhire naviqation, the Depart-
ment of Public Works has specified

considerablv larger clearances, which
have been followed in the design (Fig.

6). The .subaoueous tunnel is placed
at a levei to eive the following clear-

ances at minimum water surface ele-

vation over the tunnel for a future

channel: 31.5 feet over a width of

1,400 feet; 3R.5 feet over a width of

1.000 feet and 40.75 feet over a width
of 700 feet.

These estimated stable faii-ways fali

within the clearances at the tunnel.

The following clearances for naviga-
tion wilI be provided during various
tide phases:

River Clearances

Ord. Low Ord. High
Water Water

Tunnel Clearance

1400 ft. width 33 39
700 ft. width 42 48

Stable Channel
1400 ft. fairway 21 27

700 ft. fairway 30 36

The elevation of -f-3.5 feet GSC
adopted for ordinary high water is

reached practically daily for several

hours and is thus a safe figure for navi-

gation.

The Fraser River stable channels

are comparable to those of the maior

navigable tidal rivers in the world,

and the tunnel provides more than

these clearances.

River Bed Proteetion

The timnel and river bed upstream

and downstream of the tunnel are pro-

tected by an apron. Its main purpose

is to protect the tunnel itself against

undermining, but it also provides a

gradual guidance of river flow from

the natural river section to the wider
and shallower tunnel section and back

to the river section, almost elimin-

ating the effects of turbulence down-
stream.

Model tests showed that the depth

of talweg is only mildly increased by
the presence of the tunnel. On the

basis of these tests, the only protee-

tion required was against the natural

lowering of the river during flood

periods. The blanket adopted (Fig. 7)

was chosen because it could be placed

in the river bed with a minimum of

dredging and, as a flexible self-launch-

ing apron, would follow natural river

bed contours.

On top of the tunnel and for 50
feet on either side, 1500 Ib. stones are

placed in double layers as protective

armour over a double layer of 500
Ib. rock and 5 feet of gravei. The
heavy stones are required in this area

because of the heavy turbulence en-

countered. From 50 to 100 feet from

the tunnel the proteetion is made up
of 500 Ib. rock on a IV2 in. reinforced

concrete mat. The mat extends for 15

feet under the gravei at the turmel

for anchorage and prevents the armour
rock from sinking into the sand under

the action of turbulence and pressure

variations. At the extreme outside

edges, the mat is attached to concrete

anchor blocks, which also aided in the

sinking and launching of the mats.

Bank Proteetion

Near the tunnel the shore protee-

tion below water levei is basically the

same as the river bed proteetion de-

scribed above. Above water levei for

600 feet, centred at the tunnel, rock

armour on a gravei filter is used.

Farther away from the tunnel, present

guide banks are reinforced in some
places b\" dumping rock.

Model of Sinkinsi Operations

Hydraulic model tests were carried

out at the H\draulic Laboratory of

the Technical Uni\ersitv of Denmark
in order to determine the drag effects

on the tunnel element before, during.

and after sinking.

Results confirmed nrevious calcula-

tions and supplied the important in-

formation that downward forces exist

when the element is l3oating and up-

ward forces when it is near the bot-

tom.

Model Tests of <he Lavout

The final geometric layout of protec-

tive works ^^"as detemiined on the

basis of model tests which were car-

ried out in the Fraser River Model at

the University of British Columbia

under the direction of Professor E. S.

Pretious. These tests gave flow and

ri\ er bed conditions at the tunnel and

showed the effects of the tunnel on

the river regime.

The Fraser River Model has been
discussed elsewhere. In general, it

is a tidal, loose boundarv model treat-

ing the lower Fraser River up to 56

miles from the mouth. Horizontal

scale is 1:600 and vertical scale is

1:70.

The model bed for the n<^is Tsland

Tunnel erosion and sedimentation

tests was moulded in the timnel area

to 1955 pre-freshet soundings and
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elsewhere to 1954 pre-freshet sound-

ings. The hvdraulic regime for veri-

fication and for normal maximum oo-

erating conditions was the 1950

natural tide period with freshet dis-

charges. y^s an extre-ne case, a flood

with a discharge of 700,000 cfs at

Hooe was also imposed. River beds

with and without the tunnel were com-

pared in both condiHons mentioned.

The model test showed that the

blanket desien adopted, with armour

at river bed levei, gave the smallest

scour eífects for ali a^ernatives. Tests

indicated some local scour upstream

of the tunnel to a maximum depth of

15 feet in extreme conditions. Down-
stream the inflnence of the ttmnel was
small, althouph it appeared to in-

crease somewhat the tendency to

shoal alon<í thp north bank.

At Kirkland Island Nose, the bed
showed considerable scour, both with

and without the tunnel when the 1000
year flood conditions were imposed.

After erosion tests, flow pattems
were also studied. Fiows before and
after, both with and without tunnel,

were practically identical, the only

difference being a slieht separation

from the north shore downstream of

the tunnel. Discharge distribution be-

tween the Main Arm and Ladner
Reach was substantially unchanged.
The tests showed no measurable drop
of water surface elevation under any
conditions.

Model Tests of the Blanket

Preliminarv tests were run at the

University of Alberta by Professor T.

Blench, while the final series of hy-

draulic model tests to investigate the

structure of the protective blanket

was conducted under the direction of

Professor E. S. Pretious in a glass-

filled flume in the Hydraulics Labora-

torv of the University of British Col-

ômbia.

These flume tests could not be used

to determine flow pattems or the

effect of the tunnel on river leveis. In

the flume, the flow in the deepest

channel, which was the section mod-
elled, could not be redistributed

sideways when restricted by the tun-

nel. In practice, the mild slopes of the

blanket will redistribute the flow

with only minor turbulence losses.

Therefore, the more general phenom-
ena were tested in the Fraser River

Model, as alreadv described.

As a first result, a run at 600,000

cfs showed that the protection with

500 Ib. prototyoe weight was inade-

quate on top of the tunnel, and new
protection with a prototype weight of

1500 Ib. was substituted. It also be-

came evident that downstream blan-

kets could be shortened.

The blanket, as constructed, seemed
stable under the 1000 year flood of

700,000 cfs at Hope with water sur-

face at extreme low of 9 feet GSC at

the site. Near the timnel, 1500 Ib.

rocks were stable as were 500 Ib.

rocks at a greater distance from the

tunnel.

At some stages in the tests, sedi-

ment collected on the apron but the

shoals never rose above the crest of

the tunnel. Furthermore, the flow in

the tunnel area showed no harmful

eddies in any of the tests.

Field Observatíons

Soundings at the site showed that

the apron as built followed the design

quite closely and, therefore, the effect

on hydraulic conditions in the river

regime could be expected to be the

same as shown by model tests. This

was verified by a series of field

measurements.

During the construction of the pro-

tective apron, soundings were run at

short intervals, as many as two a

week towards the end of the construc-

tion period. The soundings showed

considerable variation from natural

conditions immediately after comple-

tion. The changes became less pro-

nounced gradually and after the

freshet the river bed was essentially

the same as in the year before the

placing of tunnel elements. The only

change was the actual area of the

tunnel mound.
Velocity measurements were carried

out along the tunnel centreline which

showed that the protection guides

the flow as designed. Velocities did

not increase except at the north bank

and, after completion of the blanket,

turbulence became negliqible.

Flow distribution studies between

the Main Arm and Ladner Reach

showed no deviation from previous

years.

As was expected from the model

tests, the tunnel was covered with silt

on the southem half. On the northem

half only the top of the tunnel is

bare. No instabilitv was observed any-

where on the blanket.

Relation of Studies ío Design

As shown above, the variations in

discharge, tides and water density

afi^ect the sinking procedures. How-
ever, a reliable method of forecasting

the eflí^ects was devised by a combina-

tion of site investigations and theoret-

ical studies.

Field measurements after construc-

tion showed that thorough hydraulic

model studies make a reliable design

of protective blankets possible.

LULU ItLÁND

Fig. 8. Layout of ventilatíon system.
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TECHNICAL
INSTALLATIONS
hy Á. T. Jcffrey, P.Eng.

The BASIC design lequiiement is the

pio\ision under ali anticipated con-

ditioiís. of safe, rapid passage of

\ehicular tiaffic from portal to portal.

Th is necessitates sufRcient ventilation

and lighting with adequate detecting

and operating controls to govern traf-

fie nio\ement and ventilation and
lighting programs under ali possible

conditions of carbon monoxide occur-

rence. fire, poor visibility, accident,

wind and light. Such control necessi-

tates the provision of the most reliable

sources of power available, with alter-

nati\"e emergency sources.

Ventilntion

Basie tunnel ventilation is provided

b>- four reversible fans, capable of

handling up to 1,000,000 cubic feet

of air a minute, which create the main
circulation of air in the semi-trans-

versal A entilating system indicated in

Fig. 5. The fans are located in the

two ventilation buildings. (Fig. 5)

Operation is controlled from a room in

the northem building either by the

automatic control system or manually

by a tunnel operator.

Duríng normal traffic conditions the

air movement in the tunnel is the

sum of the air movement caused by
the mechanical ventilation and the air

ílow induced by the traffic.

For the mechanical ventilation fresh

air is drawn into the tunnel through

the entrance portal and exhausted

laterally into the air passage over the

fírst half of the tunnel. In the second
half air is introduced into the tube

and leaves the tunnel at the exit por-

tal. The traffic air-flow velocity de-

pends on the intensity and speed of

the traffic.

As ali four fans are reversible, the

suction-pressvne ventilation will be
combined in case of fire so that smoke
and heat will be removed from that

part of the tunnel where cars are

held up by the fire.

No spare fans are installed in the

tunnel. When one fan is out of opera-

Fig. 9. Layout of construction site.

tion, for maintenance or any other

reasons, a damper, located in the ven-

tilation duct at the tunnel míd-point.

can be opened and the other fan

serving this duct can be used for ven-

tilation of the full length of the tube.

The normal operation of the ventil-

ation system is programmed by a

master clock system adjusted for a

7-day period and over-ridden by car-

bon monoxide analysis and visibility

indicators. The ventilation system ma%
also be controlled manually by the

operator. Fire ventilation is controlled

automatically hy the fire detectors.

Power
Under normal conditions, power is

supplied by the British Columbia El-

ectric Company at 12,500 volts from

the north side of the river. This is

stepped-do\\n to 480 volts, which is

the operating voltage for the tunnel

motors and lighting, at a 450 k\a-

substation at each ventilation build-

ing.

Should the normal power feeder

fail, an automatic tiansfer is effected

by means of interconnected oil cir-

cuit breakers at opposite ends of the

timnel to an alternate source of power
at the south end. Should this second

source also fail. the 150 kw. diesel

generator is automatically started and
put on the line. This will supply the

ventilation motors at reduced speed.

approximateh- half of the total tunnel

light, ali electric control circuits. and
ali the essential pumps.

During the 10 to 15 seconds it takes

for the diesel generator to start, pow er

is supplied to provide 12 k-w. at 440
\ olts, 60 c\ cles, for minimum lighting

requirements by means of a special

motor generator set. The set consists

of an A.C. generator. A.C. motor and
D.C. motor, ali on a common shaft.

Normalh- the A.C. motor drives the

A.C. generator. If power fails. the

D.C. motor, supplied from a set of

nickel-cadmium batteiies, takes over

well within 8 to 10 cxcles thus ensur-

ing no appreciable interniption of

lighting.

Due to the long runs through áreas

of var\-ing temperature, it was felt

that condensation would occur within

conduit runs. For this reason, it was
decided that ali power runs of 480
\olts and lower would be made in

TECK cable with a vin\l jacket o\ev

the armour to provide a maximum of

protection against deterioration both
of armour and of the rubber insula-

tion.

The lateral runs to equipment lo-

cated in the roof of the traffic section

of the tunnel, which are fairly short.
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lie rigid conduit embedded in the

t oncrete using RHRW insulated wire.

Control runs are made in multi-

coiiductor type T insulated wire with

i vinyl jacket over the bundled con-

(liictors.

Telephone wiring in the tunnel is

1)\ means of ALPETH type telephone

\\ ire with polyethylene insulation of

flie armour.

l.ighting

Lighting of the tunnel is normally

controlled by the programming clock.

Ill case of extraordinary outdoor light

iiitensity, this control will be over-

ndden by photo-cells mounted at the

tunnel entrance portal. The lighting

will thus always correspond to the

illumination on the approaches.

As this is an unlined tunnel with a

normal concreta surface finish, reflec-

tor type waterproof fixtures have been
used rather than some of the so-called

tunnel types, which are designed

primarily for tile-lined tunnels. Main
tunnel lighting is provided by 430 and
800 milliamp 2-lamp ííxtines.

Louvres over the tunnel approach
for approximately 310 feet in front

of the two entrances and 186 feet at

the exits, provides proper transition

between the leveis of daylight and in-

terior lighting. Immediately inside the

tunnel entrance portal, the lighting

levei is of the order of 85 foot-candles,

tapering oflF to approximately 10 foot-

candles about 700 feet from the portal

and 5 foot-candles in the remainder
of the tunnel. This is designed to en-

able the eye of the average driver

to adjust from the bright sunlight

condition normally occuning on the

highway to the relatively low levei

which is feasible in the tunnel. These
leveis and áreas of lighting provide

adequately for eye adaptation of a

driver travelling at 60 miles an hour.

Power for lighting is provided at

440 volts primary, and the varying

leveis of illumination are obtained by
automatically switching groups of

lights.

Consideration was given to high

voltage series circuits and alternative-

ly to 400-cycle high-frequency light-

ing. In view of the somevvhat lim-

ited length of this tunnel, it did not

appear desirable to use either of these

alternatives. The basic system is de-

signed so that appreciabh' higher

leveis of illumination can be obtained

in the future with the same fixtures,

by modification of lamps and trans-

formers, and by conversion to a 400-

cycle power supply.

Safety and Protective Measures
Safety and protective measures for

the operation of this tunnel were taken

care of in a number of ways.

Carbon monoxide content of the

air is continuously monitored at six

points in each tube. A carbon monox-
ide content of less than two parts in

10,000 parts of air is nonnal through-

out the tunnel. Any reading exceeding

this will start up the fans if they are

not operating, or increase them to

full speed if they are not already in

this position. The presence of smoke,

visible exhaust fumes or fog, which is

monitored continuously by visibility

meters located at four points in each

tube, will also result in an increase

of ventilation intensity.

In case of fire in the tunnel, the

control of the ventilation is taken over

by the fire detectors.

The exhaust fumes from vehicles

held up during periods of heavy traf-

fic flow can cause an appreciable rise

in the carbon monoxide content of

the tunnel air and a decrease in visi-

bility within a short time. However,
use of "stop engine" signs avoids any
appreciable increase in carbon mon-
oxide content.

Traffic Lights and Control

TrafRc flow in the tunnel is con-

trolled from the control room b\'

means of traffic lights spaced 150 feet

apart, which normally show a green

signal. At the entrances to the tun-

nel, key-operated buttons permit

group operation of the lights by police

or fire department. These switches

may be over-ridden from the control

room.

At the traffic signal positions there

are also portable carbon dioxide fire

extinguishers, telephones, and hose

racks equipped with fog nozzles, for

fire fighting purposes.

Suitable illuminated traffic direc-

tion signs, operated from tlie control

room, are provided at the approaches

to divert ali traffic into one tube if

the other tube is to be closed for re-

pairs.

Photo-electric overheight indicators

set at 13 ft. 8 in. above the road sur-

face (maximum tunnel clearance) will

be installed at the toll booths to sound

an alann if an "overheight" truck

.should pass.

A measure of traíBc control is also

provided by traffic recorders which

are essentially magnetic pick-ups em-

bedded in each lane at the tunnel

portais. The recorder signals are fed

to counters on the main control panei.

The number of cars in the tunnel is

approximately the difference in totais

between the entrance and exit coun-

ters.

Fire Protection

Fire protection is provided through-

out by means of a dry valve sprinkler

system and electrical fire detection

heads in the roof of the tunnel. The
activation of any fire detection head
will indicate, by means of an annun-
ciator system in the control room, the

presence of a fire within approxi-

mately 75 feet in any portion of the

tunnel. In addition, the removal of
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Fig. 11. Tunnel elements during construction.

oiie of the poi table carbon dioxide fire

extinguishers will indicate, by means
of a pilot light, that an abnonnal con-

di tion has occurred.

Telephones

Telephones connected to the con-

trol room are situated approximately

every 150 feet, next to the fire alarms

and fire extinguishers. These tele-

phones are available for use by the

general public or the tunnel operators.

Pilot lights on the main control panei

indicate vvhich telephone is in use. A
throw-over switch is incorporated in

the main switchboard so that at night,

when the tunnel operator is not nor-

mally present, ali telephones can be
connected to the nearest central fire

or police station.

Loudspeakers

Traffic within the tunnel may also

be controlled under emergency con-

ditions by a loudspeaker system oper-

ated from the main control room.
Speakers are located approximately
every 50 feet throughout the tunnel

so that communication with vehicle

operators is possible throughout the

trmnel.

Drainage

Drainage at the portais of the tun-

nel and at the mid-point is by suitable

pumps which can be operated at full

capacity by either the nonnal or the

diesel emergency power supply.

The road gutters in the approaches
and in the tunnel can be maintained
ice-free by means of buried heating
cables embedded in the upper asphalt

coadng and operated manually or by
thermostatic control at the discretion

of the tunnel operator.

Tunnel Maíntenance

The electrical and mechanical
equipment is located in the air ducts

paralleling the roadways where pos-

sible. The equipment mounted ín the

traffic tubes is of watertight construc-

tion since the walls and ceiling will

be washed down with water.

Two features of the control are

especially interesting. Use has been
made of various types of supervisory

circuits to indicate malfunction or

servicing requirements on automatic

equipment. For example, on the visi-

bility photocells high-sensitivity series

relays are used to close an auxiliary

contact and indicate lamp failure on
the main panei board rather than hav-

ing it show up as a false reading as

smoke or fog condition.

Extensive use is made of graphic

paneis in the master control room, and
ali traffic lights and traffic control

signs are indicated by suitably col-

oured pilot lights on the main control

panei. On the traffic control system an
innovation is the use of low-voltage

remote-control wiring for ali traffic

signal control. Some 60 traffic signals

require almost 120 miles of wire in

their operation and, with this system,

the majority of this wiring can now
be handled by No. 16 low-voltage

plastic-insulated bundled conductors.

CONSTRUCTION
PROCEDURES

hy O. H. Bentzen. P. Eng.

Construction of a tunnel hke the

Deas Island Tunnel is, in itself, an
undertaking somewhat out of the or-

dinary. Although for the major part

of the project conventional constmc-
tion methods were used, there are

several featiires which are unique and
others which are of more than com-
mon interest.

Construction of the Drydock
The first major operation vvas the

preparation of a dr>^dock for the con-

struction of the tunnel elements. Fig.

9 shows the layout of the construction

site. After a thorough investigation, it

was decided to build a dock large

enough to pennit construction of ali

six elements at the same time and to

minimize its distance from the tunnel

centreline, so as to keep small the

distance over w hich the elements had
to be transported. The floor of the

drydock was 633 ft. x 384 ft., an

area of about 243,000 sq. ft., while

total excavation amounted to 450,000

cubic > ards of material, maldng it one

of the biggest ever constructed in

Canada.
In constructing the dr>dock, the

contractor chose to use an h> draulic

cutter dredger instead of land equip-

ment to remove the silt and sand. This

tunied out to be a ver>" wise decision

since the wet groimd conditions en-

countered during the October, Novem-
ber, December. and Januar>' season

would have made the use of scrapers

and bulldozers impossible.

The general le\ el of Lulu Island is

around -|-3 ft. Geodetic Datrun
(CSC) while the high water of the

Fraser River rises as far as 6 ft to 7 ft.

CSC. For this reason, before the dred-

ger broke the existing ri\er d>ke
to gain access to the drxdock site, it

was necessary to build teniporar\-

dykes aroimd the area in order to pre-

vent flooding of the island. These
temporarx d> kes w ere built by means
of drag-lines with as many as nine

machines working at one time. The\
had a crown of about 10 ft. and a

base of 50 ft. The material used wa.-;

taken from the silt which overlies the

area to a depth of about 5 or 6 ft

Following the dredging and plug-

ging of tht^ passage to the river. the

exca\ation was dewatered, the fii"sl

part hy open pumping. Two 12-inch

pumps. each with a capacity pf 4200
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ípm, lowered the ground water to

—7 ft. GSC. After that, a ring of well-

l)oints was installed at —5 ft. GSC.
These wellpoints, spaced at 5 to 6

íoot intervals, were IV2 inches in diam-

eter and were connected to a 12-inch

header. The pairs of 12-inch pumps
hooked up to the system lowered the

ground water to approximately —21
ít. GSC. The banks were then sloped

to grade and the second ring of well-

points installed. This ring consisted

of 2-inch wellpoints also connected to

a 12-inch header. The length of the

risers on this ring was about 30 feet

in order to take advantage of an im-

pervious layer of soil lying about 35
feet down. The ground water was
lowered to approximately —31 ft. or

32 ft. GSC, leaving 7 to 8 feet of diy
sand above the water table. After the

ground water levei was stabilized, the

daily pumping amounted to about
5,000 gpm.

Construction of Approaches
The second major construction

undertaken wa^ that for the two ap-

proaches and the ventilation build-

ings. The dewatering problem for

these structures was a much greater

one than for the drydock. At the dry-

dock the ground water was lowered

barely 30 feet, whereas in the

approaches, the water table had to be

lowered about 60 feet. In addition,

the approach excavations were car-

ried right out to the river bank where-

as the drydock was some distance

back from the river. The contractor

for the drydock managed to keep the

excavations dry by using only the

lower ring of wellpoints and leaving

only part of the upper one in on the

river side as a precaution. However,
the contractor for the approaches was
faced with the necessity of putting in

four rings of well-points of which he

had to operate three at maximum.
The excavation of the Lulu Island

approach (Fig. 10) was carried out

by scrapers and bulldozers and the

sand depo.sited on the future dykes on
each side of the approach. For Deas
Island, the top 20 feet of soil was
removed by suction dredger, the de-

watering equipment installed and the

balance of the fill taken out by scrap-

ers and bulldozers.

The dewatering of the Deas Island

approach was carried out in a slíghtly

different manner to that of the Lulu
Island approach. Deep well pumps
were installed on the Deas Island side

in addition to the wellpoint system.

The contractor decided to use deep

wells because he had found indica-

tions from borings that a heavy layer

of médium and coarse sand existed

right down to approximately 100 feet

below the surface. These deep wells

were installed in the part of the ex-

cavation nearest the river and were

served by five 14-inch and five 12-

inch two-stage pumps.

As backfilling proceeded, after

completion of the construction, the

wellpoints from the dewatering sys-

tem were withdrawn and the ground

water was allowed to rise gradually.

Water also was pumped into the

approach striicture in order to main-

tain the same levei inside as outside

so as to prevent lifting of the struc-

ture during this period. As soon as the

water leveis had risen to their maxi-

mum, the dykes facing the river were

broken, at an appropriate stage of the

tide, in order to províde room for the

first tunnel element to be íloated in

and joined to the spout of the ventil-

ation building seen in Fig. 5.

Construction of Tunnel Elements

The tunnel elements were con-

structed in the drydock by conven-

tional methods, as has been mentioned

in the section on the general layout

and design of the tunnel. The ele-

Fig. 12. Floating rig.
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Fig. 13. Temporary foundation blocks. Fig. 14. Joint bet^veen tunnel elements.

ments are simply huge reinforced con-

crete boxes with temporary bulkheads

at each end. Fig. 11 shows the ele-

ments under construction in tlie dry-

dock.

Perhaps the most complex part of

the element construction is the exten-

sive waterproofing required, which
has been described under "General

Layout and Structural Design". The
contractor had a certain amount of

difíiculty with curling of the steel

plate forming the waterproofing of the

bottoni slab because of expansion and
contraction caused by temperature
variations. However, the contractor

encountered no other difficulties in

the fabrication of the elements.

After the elements had been com-
pleted, the drydock was flooded grad-

ually by stages in order to test the

watertightness of the concrete in the

structures.

As construction of the elements
and approaches neared completion,

preparations were made for excava-

tion of a trench in the river to receive

the elements as they were placed. As
has been indicated in the section on
Hydraulic Design, it had been estab-

lished by actual on-site tests, by
hydraulic laboratory tests, and by
theoretical studies, that a trench in

the river bottom could be kept open
long enough to permit the placing
of the elements without too great a

degree of silting. On the basis of the

assumptions which had been made in

the study of the excavation of a

trench, it was decided to dredge only

far enough in advance to permit of

the placing of two elements without
opening so much of the trench that

redredging would be necessary. The

assumptions were confirmed later by
actual full scale tests at the site.

As the placing of the 18,500-ton

tunnel elements had to be done to an

accuracy of Vs-inch, it was necessary

to design very special floating equip-

ment, special controls and special

hydraulic equipment as well as to

plan in detail the entire placing oper-

ation. An unusual feature is that there

is access to the tunnel element before,

during, and after the placing opera-

tion. In the normal procedure used

for the placing of elements for a trench

type tunnel this is not the case, and
access is had only from the completed
section of the structure when the tem-

porary bulkheads are removed. In

order to avoid delays in the executíon

of the complex placing operation and
as time for the construction was mn-
ning short, the special equipment and
procedures to be used in the placing

operation were designed by the en-

gineer. Figure 12 shows a plan and a

cross-section of the floating rig finalh'

evolved for use in the placing opera-

tion and indicates to some degree the

method of handling the element dur-

ing the placing.

Primarily, the floating and sinking

rig consists of foiu- heavy steel scows,

each 43 ft. x 150 ft., tied together

by four steel trusses, the end ones

supporting the heavy block and tackle

used in lowering the elements and the

central ones maintaining the proper

distance betvveen the scows. Winches
are placed on top of the sinking rig

scows, providing six drums for hold-

ing the entire rig in position, six

winches for holding the element in

the proper position, and foin^ 10-ton

electric winches used to control the

lowering of the element through fi\e-

sheaved blocks.

The tunnel elements are lowered by

admitting water to the ballast tanks

within the ventilation ducts and then

graduall>- slacking ofi on the support-

ing cables, pennitting the element to

sink gradualh', always bearing the

slope it will have in its final position.

Witíiin the elements themselves, t\\o

8-inch electric pumps were installed

and a complete piping system with

valves was designed to enable the

crew to fill or empt\- an>- ballast com-

paitment to provide buoyancy as re-

quired during the operation.

The final accurate lexelhng of the

element once it has reached the bot-

tom of the rivei- is accomplished b\

means of four 300-ton hydraulic jacks

installed in the bottom of the tunnel

element. The jacks. illustrated in Fig-

ure 13, are located approximately at

the fifth points of the element, the

two at one end of the element being

connected so as give an effective

three-point suppoit to the element

once it rests on the jacks. These jacks.

which are controUed from inside the

elements, operate 8-inch pistons which

project through the bottom of the

elements.

The temporarv connection of the

unit to the one preceding is accom-

plished hy means of a hook and e> c

arrangement in the end of the tunnel

unit, show n in Figure 14. The hook is

capable of exerting a force of 150

tons b\ means of tvvo hydraulic jacks

inside the element. It is connected to

the e\ e in the preceding element b>

hydraulic controls and. once in posi-

tion, pulls the elements together in

order to effect a temporarx" seal bo-
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Fig. 15. Preparations for sinking.

tween the reinforced concrete collars,

which form a temporary working

chamber between the units within

which workmen can complete the

joint by connecting up the walls in

both elements. One of the collars is

equipped with an inflatable rubber

gasket to ensure watertightness.

At the temporary jetty, for outfit-

ting the elements prior to sinking,

four concrete blocks, each 13 ft.

square x £¥2 feet deep, are suspended

beneath it in line with the hydraulic

jacks mentioned above. These blocks

act as temporary fonndations dnring

the final levelling of the element and
prior to the completion of the sand

foundation which is jetted beneath

the units. In addition, two access

shafts and measuring towers, ali elec-

trical equipment, and special survey

Instruments were mounted on the roof

of the element in preparation for the

sinking operation as indicated in Fig.

15. Electiical power was provided by
means of a diesel electric generator

unit installed on one of the scows

until such time as the element was in

approximately its final position when
a heavy armoured electrical cable was
run from the shore to provide power
for ali electrical equipment.

When ali preparations had been

made, the sinking unit was waiped
out into its approximate position over

the trench in the bottom of the river.

With the tunnel element only a few
feet from its final alignment, the sink-

ing operation began adding about 400

to 500 tons of water and gradually

slacking off the supporting cables.

When the element had reached the

bottom of the trench, it was aligned to

within an inch or an inch and a half of

its final resting place and the entire

weight was taken up on the four

hydraulic jacks resting on the tem-

porary foundation blocks which had

settled onto gravei pads previously

placed in the bottom of the trench.

At this point, between 1,000 and

1,500 tons of water ballast were

pumped into the element and it was
left in this position for twenty-four

hours in order to obtain first settle-

ment of the gravei pad fonndations

so that more accurate positioning

could be accomplished the following

day.

The next day most of the water

ballast was pumped out again nnd

the wmches picked up most of the

tunnel weight, leaving only about 10

to 15 tons to be supported on each

of the hydraulic jacks. This provided

a firm hold on the element but per-

mitted accurate alignment in a lateral

and longitudinal direction by means

of the cables strung from the element

to anchors in the river bottom. Ac-

curate vertical positioning was accom-
plished by means of the hydraulic

jacks so that in the end, the tunnel

unit was in position within Vs-inch of

its theoretical vertical and horizontal

position. The vertical positioning al-

lowed . for future settlement of the

gravei pads, which had been calcul-

ated prior to the placing of the ele-

ment.

At this point, the element had been

aligned longitudinally to leave be-

tween I inch and IV2 inches between

the face of the reinforced concrete

Collar on the previously-positioned

unit and the rubber gasket on the

face of the collar of the element

being placed. The gasket was brought

into contact with the face of the ad-

jacent concrete collar by means of

the 1.50-ton hydraulically-operated

hook, previously mentioned, which

was engaged with the eye in the other

element. As the full load was brought

to bear on this hook, a firm connec-

tion was established between the gas-

ket and the face of the element.

Once preliminary contact had been

made between the two concrete col-

lars, the water was bled from the

space between the two bulkheads. As

the water pressin'e inside the joint

chamber was released, the full hydro-

static pressine on the free end of

the element (about 3,000 tons) was
no longer counterbalanced and forced

the two units tightly together, effect-

ing a complete seal of the joint.

Sand Jetting

As soou as practicable after mak-

ing the temporary joint between the

elements, sand was jetted between the

river bed and the bottom of the unit.

It is necessar\' to give complete sup-

port to the element in order to pre-

vent the development of any extra-

ordinary stresses in the unit such as

would be caused by large void spaces

beneath it. The sand was jetted be-

neath the element by means of a

special gantry, pipe and nozzle

arrangement. Sand was drawn from

a scow moored near the jetting gantry,

mixed with water, pumped through

the pipe system and forced out

through the nozzle into place under

the element. From the 25 ft. pipe

extending under the element, it was
possible to jet sand under half the

element from either side in longi-

tudinal strips below the unit, the

gantry being moved and the nozzle

rotated as the work progressed to

pack solidly ali the space between

the element and the river bottom.

Once the sand-jetting had been

completed, the hydraulic jacks were

released from their load and the en-

tire weight of the element was car-

ried by the sand. Then started the

backfilling of the trench around the

element and the installation of exten-

sive protective works, as described in

the paper on hydrauhc studies and

bed protection.

After a reasonable time for settle-

ment of the timnel units, work started

on completion of the joint between

units. This was efl^^ected by joining up
and welding the steel plates fonning

the waterproofing at the joints, join-

ing and welding the reinforcing steel,

and completing the concrete for the

walls, floor and roof.

At the time of writing, ali tunnel

elements have been placed, the back-

filling and bed protection have been

completed, and the joints between the

elements have been finished. AU that

remains is the installation of the very

complex mechanical and electrical

equipment and controls required for

the operation of the tunnel. The timnel

will be read\ for opening in the

Spring of 1959.
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NEW LABORATORIES

of

THE PULP AND PAPER

RESEARCH INSTITUTE

OF CANADA

THE PULP AND PAPER Re-

search Institute of Canada is sup-

poited jointly by the Federal Govern-

ment, the pulp and paper industry,

and McGill University, in Montreal.

The two main functions of the Re-

search Institnte are to supplement the

research carried out by individual

companies in the industry, by acting

as a fundamental research centre, and

to train students whose advanced
work in science and engineering is

related to the industry. Research pro-

jects are carried out at the request of

members of the pulp and paper and
allied industries; facilities are avail-

able for non-routine tests and mea-
surements required by industry; and

a vast amount of technical and scien-

tific information is gathered and dis-

tributed on an international scale.

The present organization developed

from a branch of the Forest Products

Laboratories of Cianada, in 191.3, and

vvas housed in part of two old build-

ings at 3420 University Street, Mont-

real, at the south-east corner of the

McGill campus. It became a joint

enterprise in 1920, vvhen the research

activities of the Canadian Pulp and

Paper Association were linked with

McGill and the Government, and

soon outgrew its facilities. The old

buildings were deniolished in 1927

and the present bnilding on the same
site was officially opened in 1929.

The work continued to develop,

and during World War II included

extensive research for the Govern-

ment. In 1950, the program was
extended and the Research Institute

was reorganized as a non-profit Cor-

poration under Federal charter with

a board of directors and a full time

nianagement. Dr. Lincoln R. Thies-

meyer has been president, and a

director, since 1950. Subsequently,

financial support was ensured through

renewable contracts with sustaining

members of the pulp and paper

industry.

Soon after 1950 tlie operation had

extended into other buildings, and the

need for a larger, centralized head-

quarters was apparent. By 1955,

plans for a new centre were made,

and the Government had agreed to

buikl and equip the new facilities at

Pointe Claire, about 15 miles west of

Montreal. The bnilding was first

occupied late in 1957 and was offici-

ally opened 18th September, 1958.

The new bnilding, which is the

main subject of this article, is the

administrative headquarters of the

organization and houses most of the

research facilities of the Institute.

However, the original site in Montreal

is still in operation.

Work at McGill

In the Montreal Unixersity Street

bnilding, work continues on the post-

graduate student program, together

with some fundamental bench-t\TDe

research and chemical engineering

activity. The main librar\' is also situ-

ated there.

The Ph\sical Chemistr\ Division

has equipment for X-ray diffraction

measurements, radioactive counting,

light-scattering, for molecular weight

determination, a imique couette de-

vice for measiuing the flexibilit>' of

fibres, and equipment for the study of

macromolecules.

For the graduate research pro-

gram, facilities include radio-tracer

equipment for particle \elocit\ deter-

mination; a hot-wire anemometer for

gas-flow characterization; high-speed

cinephotographx ; and a pilot plant

for in\ estigation of flasli evaporation.

fluidization, and particle technolog\

.

Engineering Developmenf
One of the principal engineering

de\ elopments in recent \ ears has been

the Atomized Suspension Technique

for tieating waste fluids. which will

be dealt with in more detail later in

this article. Three pilot plant reac-

tors are installed in the NIcGill cam-

pus bnilding.

Comprehensix e modern equipment

is also available for \iscosit\- and

osmotic pressure determination. elec-

trophoresis, paper- and column-chro-

matographx . ultra - violet apparatus.

and so on.

The new Building

The new building at Pointe Claire

stands on a 90-acre tract of opcn land

owned by the Institute. Ccst of the

building and equipment, contribnted

by the Federal Gox ennnent. was two

and a quarter million dollars. and the

industrx has pro\ided apparatus and

equipment worth a further half-niil-

lion dollars.

Building Design
The building was designed with a

\ie\\ to the possibility of future ex-

72 THE ENGINEERING JOURNAL—APRIL, 19S»



pansion of any major section without
interfering with any other part. The
result is a structure of four two-storey

wings joined at right angles to one
another, with an adjoining single-

storey wing housing the service de-

partments. This arrangement allows

the main departments to be extended
vertically or horizontally, and the sur-

roiinding site is sufficienly large to

accommodate any expansion foreseen

at present.

The structural steel frame is fairly

conventional, and floors are of con-

crete slab construction, designed for

live loads of 100 pounds per square
foot in the laboratories and consider-

ably higher loads in the engineering
áreas.

The design of the foundations of

the administration and laboratory
wings is such that basements can be
added by knocking out temporary
walls at either end and removing the
backfill which was placed in the exca-
vation to prevent flooding. This plan
provides for an economical extension
of space if and when the municipaHty
installs stoiTn sewers.

Crawl space is provided beneath
the other wings, and utility services
are generally routed along corridors
where there is convenient access to

vertical service ducts.

The main electrical sub-station

consists of a bank of three õOOkva
transformers which reduce the 12,000
yolts supply to 600 volts. Distribu-
tion throughout the plant is at 550
volts, with inside dry type transform-
ers being used at convenient locations
for reduction to 110-220 volts. In a

number of locations duct-covered bvis

bars carry the 550 volts, and access
is through plug-in access doors. This
provides for a very flexible arrange-
ment, and enables the staff to carr>'

out extensive rearrangement of heavy
equipment with a minimum of disrup-
tion. Machines may be connected
directly to the bus bars, or inside

transformers may be plugged in to

give lower voltage where required.

Keating is by forced hot water,
which is circulated at 200-240 degrees
Fahrenheit. The present heating in-

stallation consists of two 200 h.p.

units for building heat and one 40
h.p. unit for domestic hot water.

Many of the process operations of
the Institute require steam, and it is

provided by a single 30 h.p. elec-

trode-type electric steam generator.

This unit allows considerable varia-

tion in pressure and demand, and was
chosen partly for its versatility in this

regard.

Conventional lightiiig is used

throughout the building, the three

main types being fhiorescent, incan-

descent and mercury-arc. The inten-

sity of lighting is good and lies in

the range of 40-50 Inmens at desk
levei.

The majority of the laboratory area

is force ventilated, with exhaust

through fume hoods on the roof. Of
special interest are two experimental

rooms, one of which provides for a

relative humidity range from 10% to

90% at 73 °F, and the other which
provides for a temperature range of

55 °F to 90°F at 50% relative humid-
ity. These experimental rooms are

serviced by unit air conditioners

located in a service room adjacent to

the laboratories.

The building is not equipped with

automatic sprinklers, but uses a var-

iety of commercial fire extinguishers

selected for their suitability in handl-

ing the many different types of fire

hazards which exist.

General Layout
The main entrance leads into the

administrative wing, with offices,

branch library, and printing and
duplicating shop on the first floor.

Above this are the executive offices,

drafting and editorial services, and a

woodlands research conference room.
The adjoining wing, at right angles,

contains facilities for the physics,

chemistry, and woodlands research

departments. Extending from the end
of this wing is a narrower one, lead-

ing to the services annex, and to

which is attached the fourth, and
shortest wing, housing the mechani-
cal engineering development depart-

ment, chemical pulping plant, refiner

deck and stock preparation room, and
the bleaching and small-scale pulping

laboratory.

The service wing contains the boil-

er plant, machine shop, stores, and
shops for pipefitting, sheet-metal

work, and wood-working. A consider-

able amount of equipment is designed

and built by the Research Institute,

and the machine shop is very well

equipped and capable of handling
work to very fine tolerances.

Fieids of Research
Briefly, the Research Institute is

capable of dealing with problems
affecting the pulp and paper industr>'

from tree growth and nutrition to

processing techniques and the devel-

opment of processing equipment.

This involves fundamental research,

which adds to the basic knowledge of

many subjects and may lead to future

developments, and current work on
practical problems such as the life of

Fig. 1. Twin Couette apparatus for

studying the hydrodynamic behaviour of
fibres in liquids, and the flexibility and
shear strength of wood pulp fibres.

paper machine wires, corrosion of

digesters, power consumption for

grinding processes, improvement of

pulping processes, and so on. Some
of these contributions to the opera-

tions of the industry will be discussed

later.

Chemical Pulping
Many advances have been made in

the chemical pulping field as the

result of work done at the Research

Institute. Much of the equipment of

this department was designed at the

Institute and includes four 2 cu. ft.

pilot-scale digesters with preheating

equipment and control of tempera-

ture, pressure, and pH. For prelim-

inary investigations the Institute de-

signed a microdigester which dupli-

cates pilot-scale experiments on a

small scale.

Pressure equipment includes two
types of bomb digester. In one, chips

are sealed in a heavy steel bomb
which is heated by oil; the other ver-

sion consists of a bomb which can be

rotated above gas jets.

The main laboratory-scale equipment

is completed by a bleaching plant and

a precision guillotine chipper.

Wood chips for experimental purposes

are stored in a special cold room and

are sealed in plastic bags to retain the

original moisture content.

Mechanical Engineering
The principal piece of equipment

used for research into mechanical

operations is a mill-scale 36-inch

Bauer double-disk refiner. With an

operating range of 600-1200 r.p.m..

the refiner has a variable-speed feed

belt and a capacity of 1-50 air-dr\

tons a day.

The department also has a Sprout-
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Fig. 2. 2 cu. ft. digesters used in pilot-scale studies of chemical pulping processes.

Waldion stainless steel Iaborator>

screon.

Physical Tcsting

Some inteiesting cíiiiipniciil has

been designed aiul iustalled lor pliysi-

cal testiiig and measuiemciit. An In-

stron tester is iised to mrasuie the

tensile strengh of fibres and cioss-

soctions of wood. These can also be

studied on a Vickers inveiled piojec-

tion micioscope, whích projects an

iniage of the material on to a laige

inspection screen.

Designed at the Institute, and

named after S. M. Cliapman who
developed them, are a smoothness

tester for measuring smoothness of

paper imder printing pressures, and
an electronic dirt eonnter. The latter

looks something like a lecord-player

turii-table and pickup; the paper

sample is monnted on the rotating

turntable and the 'pickup arm' has a

photo-electric device in the head
which scans the paper sample and
automatically counts the contained

specks of dirt.

Associated vvith this section is a

special laboratory in which various

controlled conditions of temperatnre

and humidity can be maintained.

Another important piece of e(i;iii3-

ment is a scanning electron miciros-

cope which operates at magnifications

up to 100,000 times. This is the first

commercial prototype of an instru-

ment developed at Cambridge U:ii-

versity for making electron photomic-

rographs of wood fibres and similar

materiais. The scanning principie pre-

vents the fibres from being burned
during exposure.

Other Equipmeiit
Among other specialized equip-

ment used in the laboratories are two
items which were originally develop-

ed by the Research Institute. A mico-

cuvette uses ultra-violet absorption

for the continuous measurement of

lignin and other organic material in

cooking liquors dm ing cliemical pulp-

ing. Also for use during cooking

cycles is a special reference electrode

with which continuous, high-temper-

ature measurement of lifiuor pH can

be made.
Photography and pliotomicrogapln

play a large part in the w ork of the

Institute, and various forms of equip-

ment are in use. The new photo-

graphic darkroom is comprehensively
equipped and incorporates accurate

temperatura control.

Wood-Chip Slurries

One of the current fields of inves-

tigation which may be of particular

interest to engineers is the hydraulic

transport of wood-chips through pipe-

lines, in the forni ot a slurr\ with

water.

This work is still in the earl\

stages, but a 528-ft. loop of 8-inch

aluminimi pipe has recently been in-

stalled, together with the associated

auxiliary pumping etiuipment. for the

study of this subject.

Atomized Suspensiun Tcchiiique
A development which proniises to

have far-reaching applications e\en
beyond the pulp and paper industr\

is knov\n as the Atomized Suspension

Technique (AST). This was developed

by Dr. W. H. Gauvin M.E.I.C., now
head of the chemical engineering

division of the Pulp and Paper Re-

search Institute of Canada.
The AST has emerged from an

original study of the possibility of

recovering sulphur from waste sul-

phite liquors made during a severe

sulphur shortage during 1951. There
is no longer a shortage of sulphur, but

the study has proved to be of great

significance, and the techniciue has

been patented.

Experimental Equipmeiit
There are three pilot-plant AST

reactors at the Research Institute

building in Montreal, ali of stainless

steel constrnction. One is 8 in. i.d. by
10 ft. liigh; one is 12 in. i.d. by 15 ft.

high; and the third, specialK' built

for sludge treatment, is 5 ft. i.d. by

7 ft. high.

The results of tinee pilot-scale

investigations ai'e l)riefl\ described

here.

Sulphite Waste—
The treatment of neutral sulphite

semi-chemical liquors, in the 8-in.

diameter reactor, ga\e a solid residue

of sodium carbonate and sodinm sul-

phãte, steam, and a mixtiue of gases.

particularK h\ drogen. carbon dioxide,

and methane. Results indicated that

the technique might form the basis

of a promising reco\er\ process.

Sanitary Sludges—
From in\estigations into sewage

sludges it was shown that these can

be destro\ ed rapidh and continuous-

1\ vmder atmospheric pressure. Low
capital and operating costs are fore-

seen. and maintenance should be

simple. Heating ma\ be electrical or

b\ oil. cit\" gas. natural gas, or even

waste flue gas. The first municipal-

scale plant has now been built at

Beaconsfield, Que., not far from tlie

Pointe Claire headquarters of the

Research Institute. For convenience,

this plant is designed for electrical

heating.

Refiner\ Effluents—

.\n aqueous refiner\ oil sludge was

processed in the 8-in. i-eactor to deter-

mine if it could be separated into

disj-Kisable or re-usable components.

Tlie products were steam. an essen-

tially inorganic residue, a gas of ex-

cellent calorific \ahie. and small

amounts ot oil.

Other Research .\pplicatioiis

The .\toniized Suspension Techni-

que is a particularly proniinent

example of the practical achievements

resulting from the work of the Pidp

and Paper Research Institute of

Canada. Tliougli there ma\ be no

other inuuediateh app.irent single

compar.ible ile\ elopment, the work of

the Institute o\er the years has had a

eonsiderable influence on the oi>era-

tions of the industry. In general this

has amounted to an iniprovement in

techniqucs and efficiencies of opera-
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tion which has helped to keep the

industry to the fore.

Woodlands Research
The growing and harvesting of

woods and the development of im-

proved species are regarded as a part

of the overall manufacturing industry.

Research into woodlands problems

must be related to possihle effects on

mill practice.

The Woodlands Research Division

is studying the nutrition of pulpwood
species in the new laboratories at

Pointe Claire, under controlled atmos-

pheric and other conditions.

One current project is to evaluate

a hybrid poplar grown by one of the

paper companies. In addition to

woodlands research the investigating

team is concerned with grinding,

chemical pulping, bleaching, physical

and chemical testing of pulp, and the

stvidy of fibre characteristics.

Wire Life Study
In 1956 an investigation was start-

ed at the Institute, at the request of

the newsprint industry, to find the

causes of the short life of paper ma-
chine wires, which may be as little

as four or five days. To study even

the most likely of the many possible

causes would be a long and costly

process for the industry.

A research team with varied train-

ing and experience studied the prob-

lem in several mills and were able to

select the most significant variables.

These are: the drag load of the wire

over the suction boxes; grit concen-

tration in the headbox stock; wire

speed, mesh, and length; and angle

of wrap of the wire on the wash roll.

Many of the findings can be applied

immediately by the mills, and if any
further research is indicated it can be
restricted to these six variables.

Digester Corrosion

An earlier study by the Institute,

in 1950, into the rapid corrosion of

alkaline digesters was also directed at

finding the principal causes from a

large number of possible variables.

The causes of both general surface

attack and the more serious rapid

local corrosion were found, and fur-

ther work has resulted in the develop-

ment of anodic protection against cor-

rosion. This technique is being stud-

ied commercially in a pulp mill, fol-

lowing preliminary trials, and a com-
mercial firm has been granted patent

rights with a view to marketing the

technique.

Power for Grinding
.Although the Canadian newsprint

industry, the largest supplier in the

world, is fortunate in having cheap

hydro-electric power and abundant

softwood supplies, great economies

could be achieved by only a small

saving in the vast amounts of power
required to produce groundwood, the

principal component in newsprint. It

is estimated that over 99 per cent of

the power used is wasted in the form

of heat.

The Institute has been engaged in

a study of the mechanism of fibre-

Fig. 3. A mill-scale 36-in. double-disc

refiner, part of the complement of equip-

ment for research in mechanical opera-

tions.

removal from wood by grinding. One
of the findings has been that some

deformation of the wood is necessai^

for fibre removal, but, at presént,

much grinding energy is needlessly

used in repeated deformation of thè

fibrous structure by the grits in the

stone. Further imderstanding of the

fundamental process of fibre removal

will doubtless produce results of

value to this important section of the

industry.

Pulpwood Holding Grounds
In 1952 the Institute was asked by

the industry to investigate the prob-

lem of the forces existing in pulp-

wood holding grounds. This work

has been under the supervision of

Prof. R. J. Kennedy, M.E.I.C., o£

Queen's University, Kingston, Ont.,

and the first phase of the project was:

covered by a report published in The
En^incerinp, Joiíinal { 1958, Januaiy,.

p. 58).

A siM\ e\ was made of installations:

and practice in eastern Canada, lead-

ing to a combined laboratory and

field investigation. Methods of calcu-

lating the total force exerted by the

water on the wood in a transverse

holding ground, and the division of

the force bet\\een the sjores and the

lioom system, were de\'eloped.

Fundamental Research

One of the most important func-

tions of the Institute is to act as

fundamental research centre for the

Canadian pulp and paper industry. In

this it supplements the various re-

search organisations of individual

companies.

Fundamental research is carried

Fig. 4. The Electronic Dirt Counter. Paper sample rotates on turntable, is scanned
photoelectrically, and dirt specks are counted electronically.
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oiit on a wide nuniber of fronts each

attfinpting to contiihute to a broad

background oí tlieoretical knowledge
froni which tlie \arioiis pioblems

arising in the manufacture of pulp

and paper can be attacked.

It would be impossible to list here

the multiplicity of fundamental pro-

jects currently active. A few well-

spaced examples, however, will give

an idea of the scope and variety of

the program and of the way in which
basic research is rehited to techno-

logical requirements.

Intensive investigations are being

conducted in the Physical Chemistry

Division into the hydrodynamic prop-

erties of pulp fibres in suspensions.

The tendency of these fibres to

flocculate results in unique flow char-

acteristics which were, imtil recently,

little understood, and which affect

strongly not only the behaviour of the

pulp throughout the entire paper-

making cycle, but the quality of the

finished sheet. Relating these funda-

mental properties to the propeities of

the sheet, can result in improved ma-
chine design and ultimately a better

product.

The lignin macromolecule is under-

going special study. This complex
and as yet imperfectly-understood

substance is the chemical binding

agent in wood, and further under-

standing of its coUoidal and poly-

moric properties will contribute not

only towards improved and more
economical chemical pulping pro-

cesses, but in the exploration of vari-

ous possibilities of commercial lignin

utilisation. Such basic studies of lig-

nin and its derivatives has already

suggested an increasing variety of

technological applications ' of it as a

dispersive alloid.

Related fundamental studies in the

Division of Wood Chemistry are con-

cerned chiefly with lignin's chemical

structure and behaviour, with special

regard to technical pulping and
bleaching processes. Current pulping

methods are so drastic that they de-

stroy about one-fifth of the usable

cellulose in the wood and reduce the

viscosity of the remainder. It has

been found in the laboratory that ex-

cellent pulp can be produced in a

few seconds, a finding that may lead,

after considerable development work,

to high speed continuous pulping on

a commercial scale.

Also having an important part in

the basic research program are fund-

amental studies in mechanical pulp-

ing. Investigations are being pushed
ahead into such fundamentais as

stress-relaxation, in wood, the mech-
anical response of fibres to impact,

energy loss during the defomiation of

a viscoelastic material—ali of which
have an important theoretical bearing

on the mechanícs of groundwood pro-

duction and which could lead to new
and more efficient mechanical pulp-

ing methods with higher output and

less energy consumption.

In chemical engineering, basic

studies are chiefly concerned with

the technology and fundamental pro-

perties of droplets, small particles and
finely-divided systems of various

Fig. 5. Pilot-scale reactor for study of

the .Atomized Suspension Technique for

chemical processing. newly-developed by
the Institute.

kinds. It was from research of this

kind that the Atomized Suspension

Technique described earlier was
evolved.

Some fundamental projects are car-

ried out at a staff levei, others by
McGill Uni\ersity gradua te students

working tow ard doctoral degrees.

Some are undertaken iii the study of

problems currently existing in the

industr\ , others although their poten-

tial range of industrial significance is

known, await direct application.

The pre-doctoral students partici-

pating in the basic research program
are directly supenised by Institute

scientífic staff members who hold

concurrent teaching posts at the Uni-

versity. Although most of the 250
who have so far participated have

been organic and phxsical chemists

with some chemical and mechanical

engineers, the Institute hopes to

broaden its area of co-operation with

the University to include a wider

variety of scientific disciplines such

as metalhngy. pure pliysics, biologv,

biochemistrv . and the new borderline

science of biophysics.

Conclusion
The position to w liich the Canadian

pulp and paper industrx has ad\ anc-

ed has been achieved through the

joint efforts of researchers and opev-

ators within that industry and in

others which supplx raw materiais

and eqviipment.

The part plaxed b\ the Pulp and

Paper Research Institute of Canada
is no small one, and it may well be

greater yet as the Institute operates

from its new headquarters and labor-

atories.

Fig. 6. Part of the well-equipped machine shop; an indispensable part of the
research establishment. The Institute designs and builds much of its own equipmenl.

76 THE ENGINEERING JOURNAL—APRIL



THE FREE PISTON ENGINE

R. G. Fuller M.E.I.C.

Engineering and Management Consiiltant

Peacock Brothers Limited, Ville Lasalle. Que.

BY DEFINITION, a free piston

engine is one in which the

movement of the pistons is controlled

by the combustion and gas pressures

instead of being confined to the lepe-

tition of a pre-determined motion

govemed by a mechanical hnkage.

The free piston principie is as old

as the gas engine and the first prac-

ticable engine developed by Barsanti

& Matteuci in 1859 was essentially a

free piston engine and was so de-

scribed by its inventors. This engine

was improved and put into com-
mercial production by Otto & Lang-
don, who exhibited the engine at the

1867 International Exposition in Paris.

In this engine the piston operated

in a vertical cylinder with the cylin-

tler head at the base. The expanding

products of combustion expelled the

piston up the open cylinder. The
stroke was limited only by gravity,

friction and atmospheric pressure and

the piston was returned to the firing

position by gravity, assisted by the

depression under the piston at maxi-

mum stroke and atmospheric pressure

acting on the upper side. The energy

in the falling piston was absorbed by
rotating a shaft.

A modern diesel pile-driver operates

on this same principie, but the energy

of the falling piston is transmitted

directly to the head of the pile sup-

porting the cylinder head.

The Htimphrei/ pump which was
developed in 1906 is also an internai

combustion free piston engine in

which a column of water is substi-

tnted for the piston.

There are several \\ ell knowu boiler

feed pumps and steam driven air com-

pressors which are free piston ma-
chines. Although ali these types are

true free piston engines in that the

stroke is im-confined by any mechani-
cal linkage, in each case they are

characterized by the use of only one
piston, which in the internai combus-
tion application is retumed by gravity.

The free piston engines which are

the subject of this paper are essentialh"

different from the foregoing in that

the piston is controlled and retumed
by gas or air pressure acting on the

end of the piston remote from the

combustion chamber. In practice this

type of engine invariably uses t\vo

pistons operating in opposition with

a common combustion chamber ii>ter-

posed between the two pisfaw crowns;

it has been the subject of commercial

de\ elopment since 1922.
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Early Dcvclopmcnt

The cli.'\i'l()pinont of gas generatois

cau be tiaced back to the early work
oii turbo-cliaiging by Dr. Buchi which
has resiiitcd in recent years hi the

íknolopnieiit of tlie compound cycle

in wliicli iiux'lianical power is taken

ofi both a crankshaft and an exhaust

gas turbine torming parts of the same
systcni.

The frec piston gasifier, hovvever,

ovves its origin to Pescara, who built

several t\'pes of free piston air com-
pressor in the 1920's, the gasifier being

a natural development from the free

piston compressor, and a 950 kw free

piston generating set was in operation

in 1939.

A prototype of the present 1250
GHP GS 34 miit was built in 1944,

has been under continuous develop-

ment since that time, and is now in

regular productioii in both France and
England.

In 1942 the Royai Navy initiated

development of a srnaller free piston

gasifier of higher speed. This work
was carried out at the Admiralty En-
gineering Laboratory in England, in

conjunction vvith Alan Muntz. The
latter have since continued the com-
mereial development of this machine
as the CS. 75.

An internai combustion engine can

be considered to be a heat engine

using air as the working médium,
which air is expanded under the action

of heat generated by the combustion
of fuel in a closed cylinder. In a con-

ventional engine the energy is con-

verted into useful mechanical work in

course of expansion by the movement
of a piston and linkages connected

thereto. The free piston gasifier util-

izes the same heat energy, derived

from the combustion of fuel to expand
air in a cylinder in a precisely similar

manner save that the process can be
carried out more efficiently at much
higher pressures. Instead of converting

the energy directly into mechanical

energy through pistons anl linkages,

the working fluid is ducted away
from the combustion part of the cycle

which takes place in the "gasifier" and
mechanical energy is extracted in a

separate process b\ expanding the

heated air and combustion products
through a turbine.

Logical Final Stage

The free piston gasifier turbine

engine has been over 30 years in

gestation largely due to the fact that

it is the logical final stage in the de-

velopment of the diesel engine, and
as such had to await until high pres-

sure turbo-charging and B.M.E.P.'s

revealed the limitations of conven-

tional crankshafts and bearings and
provided the necessary incentives for

their complete elimination.

Development has been broadly

upon two lines, residting in two basic

types of free piston gasifier:

—

(a) The outward compressing t\pe in

which the sca\enge air is com-
pressed during the oubvard firing

strokes of the diesel piston.

(b) The inward compressing t\pe in

which the scavenge air is com-
pressed during the inward or com-
pression strokes of the diesel pis-

ton.

Advanlages of the Inward Compressing
Principie

Although the outward compressing

type appears to oífer ad\ antages aris-

ing out of the phasing of the scavenge

air pressure with port opening, in

practice this is more than outweighed
by difficulties in disposing of surplus

heat and in assining adequate lubri-

cation.

Ali gasifiers presenth in commercial

production are therefore, based upon
the inwaixl compressing principie

which enables a \er\- siniple and

robust t\pe of construction to be

adopted.

This t\pe of free piston engine is

developed as a highh suiXMcharged.

horizontalh- opposed-piston. two-cycle

uniflow engine in which each of the

Fig. 2. Diagrammatic sketch of a free-piston gas generator and gas turbine, showing
pressure-volume diagrams of the engine, compressor and cushion cylinders. A) gas

generator; B) gas collector; C) gas turbine. 1) piston. 2) engine cylinder. 3) cushion
cylinder. 4) compressor cylinder. 5) suction valves. 6) delivery valves. 7) fuel

injector. 10) p-V diagram of engine cylinder. 11) p-V diagram of cushion cylinder.

12) p-V diagram of compressor cylinder.
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Fig. 3. Moving parts of GS. 34.

opposed pistons is rigidly connected

by means of a rod or trunk to a com-
pressor or cushion piston. The outer

faces of these cushion pistons operate

in closed chambers in which air is

compressed during the outward or fir-

ing stroke of the diesel pistons, and

the energy stored in the compressed

air serves as a spring and returns the

piston assembly to the íiring position

to complete the cycle. The inner faces

of the cushion pistons function as

scavenge pumps and compress air into

the engine case surrounding the diesel

cylinder.

Designed for Maximum Efficiency

It will be seen from this that the

load-carrying bearings which are a

limiting feature in the development

of the conventional reciprocating

diesel engine, are eliminated in the

free piston engine and combustion

conditions can therefore, be designed

for maximum efRcienc\ . The only

mechanical linkage between the pis-

tons is a synchronizing mechanism
designed to keep the tvvo pistons in

step vvith each other. This mechanism
also drives the fuel pump and other

auxiliaries.

There are two basic classes of such

free piston engines in production:

(a) Air Compressors in which the

diesel cylinder is either naturally as-

pirated, or carries a very nominal

degree of supercharge, the exhaust

being either direct to atmosphere or

against the modest back pressure of

an elementary form of gas turbine

arranged to drive the auxiliaries.

In the Pescara and Mackay com-

pressors one of the two diesel pistons

is connected to a compressor piston

by means of a piston rod, the outer

face of the compressor piston being

arranged to deliver compressed air

for the operation of pneumatic tools,

etc. The inner face acts as a scavenge

pump delivering air through valves

into the engine case, from where it

passes through scavenge ports into

the diesel cylinder. The other diesel

piston is connected to a cushion pis-

ton which operates inside a closed

cushion cylinder; this serves to bal-

ance the forces ac-ting on the opposite

piston and to assist the return of the

combined piston assemblies to the

inner dead point position after each

firing stroke.

This machine is thus non-symmetri-

cal, and unlike the free piston gasifier,

is not perfectly balanceei, the syn-

chronizing linkage being designed to

transmit the out-of-balance output.

The out-of-balance is in fact neg-

ligible when compared with conven-

tional machines, and the machine is

vibrationless in operation.

(b) The other class of free piston

engine is the Gas Generator, or gas-

ifier, which is of symmetrical con-

struction, each diesel piston being

rigidly connected to a cushion piston,

as already described, and the entire

output of the compressor cylinders

is delivered to the diesel cylinder at a

relatively high pressure. The air then

undergoes a normal but highly super-

charged diesel cycle, with combustion

partly at constant volume and partly

at constant pressure. The hot products

of combustion are then discharged at

a pressure slightly lower than that of

the incoming air into a manifold con-

necting the gasifier to an exhaust tur-

bine; the latter is the true prime

mover.

The free piston gasifier is a logical

development of the compound, turbo-

charged diesel cycle and is thus a very

highly supercharged diesel engine. It

replaces the compressor and combus-
tion chamber of a conventional open
cycle gas turbine, and operates at a

much higher compression ratio and

thermal efficiency than is ever likely

to be obtained with an axial flow

rotary compressor, or than can be
usefully employed in a crankshaft

engine.

Gas Thermal Efficiency

The free piston engine operates at

a high thermal efficiency, the latter

being defined as the work done per

pound of gas delivered when ex-

panded isentropically to atmosphere,

divided by the heat input in the fuel

for each pound of gas delivered. This

gas thermal efficiency at tlie present

stage of development is between 42

and 43V2%, depending on the size of

machine, and this, multiplied by the

turbine and ducting efficiency, gives

the brake thermal efficiency of the

gasifier turbine combination, which is

comparable with good diesel effici-

encies, and nearly double that to be

expected from a simple open-cycle

gas turbine.

The Mechanical Features of free

piston engines are characterized by a

basically simple structure of generally

cylindrical form, a feature which ap-

plies both to the main body of the

engine and to the piston assemblies.

Details of the two sizes of gasifier

presently in production are shown in

table I. The larger unit is designated

as the GS.34 gasifier and is shown in

section in Fig. 1.

Gas Load on Piston Crown

It will be seen from Fig. 2 that the

loads produced by the gas pressures

in the various cyhnders are taken in a

direct manner both in the body of the

engine and by the piston assemblies.

The gas load on the diesel piston

crown is transmitted axially along a

cylindrical trunk to the compressor

piston, is absorbed by the inertia of

the pistons themselves, and does not

have to be transmitted through the

body of the engine. Only the radial

pressure loading in the combustion

space has to be resisted by a hoop

stress in the central zone of the diesel

cylinder liner, which can be met by

a very simple design. The outward

momentum of the moving parts is

taken by the cushion head, and as

the cushion cylinder has a low ratio

of maximum to minimum pressure,

the maximum load to be transmitted
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thiough the boch- froni one end of the

fiigine to the other is lelatively low.

The pistons are of geneially sym-
inetiical design as díctated by the gas

loading on the piston crouii. There
being no w iist pin or bosses, none of

the cleaiance or expansion problems
nonnalh' associated therewith can

arise. Siinilarly ali loading is axial;

tluMe is no iniposed side-thrust and
the piston does not have to function

as a cross-head as in the case of a con-

ventional trunk piston engine. There

being no crankcase, the danger of

crankcase explosions is eliminated and
the possibility of blow-by is minim-

ized. As operating diesel engineers

will know, amongst the main prob-

lems with modern highly stressed

diesels are loading on the cylinder

head stndding and joints, and between

the piston skirt and liner; the latter

can be aggravated by the oil film

breaking dovvn due to the blow-by of

small particles of carbon from the

combnstion space, or particles ílung

from the crankcase oil. These prob-

lems are largely eliminated in the free

piston design.

Synchronizing Gear

There are the minimum number of

constraints on the moving parts of a

free piston machine. Each piston as-

sembiy, sliding in its respective cylin-

der is maintained in step with the

other piston assembly by one set of

synchronizing rods only. This synchro-

nizing gear can take the fonn either

of a lazy-tongs tyi>e of linkage as on

the GS.34, a rack and pinion as on

the CS.75, or a rocking lever and con-

necting rods as in the DAC com-

pressor.

Engine cylinder bore
Comp. cylinder bore
Overall length

Weight
Stroke at continuous max. rating (C.M.R.)
Xo. of o.scillations at C.M.R
Mean piston speed
Gas temp. at C.M.R
Gas pre.ssure at C.M.R
Mas.s flow of gas
Gas h.p. at C.M.R
Thermal efíiciency into gas
Specific fuel consumption
V'olume compression ratio at C.M.R
Compi'ession pressure

Max. cylinder pressure

Heat to jacket cooilng water
Heat to piston cooling oil

As has already been indicated, the

synchronizing linkage is not required

to transmit any load on a perfectly

symmetrical engine other than that

necessary to drive the fuel injection

pump or other auxiliary equipment.

The synchronizing linkage is there-

fore, made quite light not only to

avoid a direct addition to the weight

of the moving parts, but also because

the compressor pistons themselves

must be designed to carry the inertia

loading produced by the synchroniz-

ing gear.

The moving parts of a 1250 GHP
GS.34 gasifier are shown assembled

in their firing position in Fig. 3.

The symmetrical construction of

these engines makes them particularly

insensitive to thermal distortions

through rapid changes of load, and
they can put on load from cold very

rapidly. No energy is stored in the

machine between cycles which there-

fore stops immediately fuel is cut

ofí, and no damage can result from

the dissipation of energy stored in

rotating masses as is the case in con-

ventional engines.

There is no vibration due to the

reciprocating parts as the masses are

made as nearly identical as is required

and are in static and dynamic balance.

The engines run with a remarkable

absence of vibration and require vir-

tually no foundations other than those

required to support the actual static

weight.

Care must, however, be taken that

no extraneous vibrations are intro-

duced by gas pulsations in the intake

and delivery ducts of the machine.

This can be achieved by correct de-

GS.34 CS.75
in. 13.4 7.5

in. 35.4 20.75

ft. 13.75 7.5

tons 8 2.25

in. 2 X 17.4 2 x 9.8

cycles/min. 570 1,100

ft./min. 1,650 1,650

deg. C. 437 460
Ib. per sq. in. 42.5 50
Ib. sec. 8.8 2.65

1,250 420

% 43 42
Ib. gas li.p. hr. 0.320 0.325

9.1 8.1

Ib. per sq. in. 1,000 1,000

Ib. per sq. in. 1,700 2,000

% heat input 14 17

% heat input 5 5

sign in the light of present day know-
ledge of gas dviiamics and acoustical

engineering.

The diesel cylinder discharges into

a gas collector which smoothes the gas

pulsations in the turbine manifold to

a low value. The pressure variations

in this ga-s collector at fuU load are

of the order of plus and minus 4

Ibs. sq. in. on a mean pressure of

about 45 Ibs./sq. iji. The mean pres-

sure wave has a fundamental fre-

quency of about 10 cycles per second

for the GS.34 and 18 cycles for the

CS.75, and these frequencíes are low

enough not to constitute any hazard

to the tinbine blades the natural fre-

quency of which, even in the first

stage of a large turbine, is of the

order of 1000 cycles per second.

Dephasing

A more constant rate of gas &o\\

can be obtained in multiple installa-

tions b\- coupling gasifiers in pairs

with a phase displacement of 180".

This is achie\-ed by coupling the

cushion ends of the two machines

through a dephasing valve which con-

sists essentially of a diííerential piston

connected across the cushions which

activates a \'alve, arranged in such a

manner that cushion pressure is in-

creased or decreased as necessarv" to

keep the pistons displaced by half a

cycle. In such a case, the engine cases

would also be connected together in

order to damp out cyclic fluctuations

in scavenge air pressure.

A turbine constit\ites an excellent

silencer. and no other provision is re-

quired to silence the exhaust. The air

intake casings around each compres-

sor c\linder eífectively silence the in-

duction noise and reduce the air pul-

sations. The general levei of noise

produced by a free piston engine is

somewhat less than that of a diesel

engine of the same size and speed.

and there is a notable absence of high

frequencN clatter arising from \alve

gear, etc. The noise levei adjacent to

free piston gasifiers has been measin-ed

at 95 decibéis.

Characteristics

The characteristics of a free piston

gas generator of the t\pe under con-

sideration are showii in Fig. 4. The

curves, refer to the GS.34 but can be

applied to the CS.75 b\ multiphing

the sjjeed by 1.8 and dix iding the gas

flow and power outputs by 3.

The speed of oscillation of a free

piston cMigine is not an independent

\ariable as it is on a crankshaft en-

gine. and is principalK deterniined

in- tlie niass of the moving parts and

Present ratings of free-piston engines consisting of one gas-generator coupled to a

turbine, with reduction gearing, are 1,000 shaft h.p. for the GS. 34 gas-generator, and
350 shaft h.p. for the CS. 75 gas-generator.

*The output of a gas-generator is u-sually expressed as "Gas h.p." This is dofined as

the power available from an adiabatic expansion of the gas down to atmospheric

pressure.

Table I-Technical Data of CS. 75 and GS. 34 Gas Generators

Two types of free-piston gas-generator aie at present available the GS. 34 of 1,250

gas h.p.* and the CS. 75 of 420 gas h.p. Their leading dimensions are given below:

—
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Fig. 4. Characterístics of GS. 34 gasifier.

the gas delivery pressure, and only to

a secondary extent by other opeiating

conditions such as the load and length

of stroke.

The motion of the pistons is ana-

logous to that of a weight on the end
of a spring. In each case the frequency

is determined by the eíFectíve stiífness

of the restoring force. In the fiee

piston engine, this stiífness is deter-

mined by the gas pressure in the vari-

ous cyhnders and it has an approxi-

mately constant value at any gas de-

livery pressure and increases with it.

As the frequency is proportional to

the square root of the stiífness, the

extreme range of speed from no load

to full load is limited to less than two

to one. This is because the stiífness

due to the gas pressure varies over a

range of less than four to one, which

is approximately the range of the

absolute pressure of gas delivery.

Power Output

Basically, the power output is con-

trolled by adjusting the fuel admitted

which has the effect of varying the

stroke, thereby altering the mass ílow

of gas. In the normal arrangement

where a gasifier supplies a turbine,

any increase in gas ílow results in an

increase of delivery pressure since the

turbine behaves substantially as an

orifice of constant area. At the same
time the gas delivery temperature

rises because of the increased work of

compression.

The power output is proportional

to the mass gas flow, the absolute

temperature and the isentropic drop

ratio, the latter increasing with the

pressure ratio. Thus the combined
effect of the three dependent vari-

ables is that the power varies over a

wide range for quite a small change
of stroke. For example, a drop in

power of 75% from 100% to 25% is

produced by a reduction in stroke of

only about 20%. This effect is en-

hanced by the relatively large clear-

ance volume in the compressor cylin-

der, which means that the percentage

change in the delivery is greater than

the percentage change in the rate of

stroke.

Recirculation

The minimum permissible stroke is

govemed by the necessity of uncover-

ing the scavenge ports, and which, in

tum, determines the amount of fuel

required when idling. This is compen-
sated for and the part load perform-

ance and fuel consumption improved,

by a system of "recirculation" whereby
hot, compressed air from the engine

case is fed back to the compressor

intake. This has the effect of reducing
the compression ratio and increasing

the clearance volumes in the compres-
sor ends, thereby reducing both the

compressor deliveries and the cushion

pressures, and which in turn slows

down the speed of oscillation and re-

duces the mass gas flow to closely

match the requirements of the tm-
bine characterístics at part loads.

A by-pass valve may be also con-

nected to pass some of the scavenge
air direct from the engine case to the

gas collector at low loads when there

is more air available than is required

to scavenge the diesel cylinder. This

reduces the pressure drop across the

diesel cylinder ports and reduces the

pumping losses, which is reflected in

further fuel economies. The mass gas

flow can also be matched to turbine

demand at light loads by throttling

the compressor intakes.

A gas blow-oíf is provided to en-

able the gasiíier to idle against a

stopped turbine and to facilitate the

starting up of gas generators in mul-

tiple installations, whilst others are

already running on load.

The blow-oíf valve is customarily

combined with a stop valve used to

isolate the gasifier from the common
manifold used in a multiple installa-

tion. This combination valve may be

directly operated by the turbine ac-

tuated governor, and in the case of

an electric generating set, an over-

riding servo valve may be directly

operated by the main circuit breaker,

which would take charge in the event

of a sudden loss of load.

Stability

Stability is a function of the mean
cushion pressure, which must be ad-

justed to suit the actual working pres-
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sure at the turbine stop \'alve in order

to maintaiu suitable compiession pres-

siues in the diesel c\'linder. The en-

gine case pi essuie niay be regarded as

eonstant for any given load whereas
tlie air in the cushion cylinder is

eompressed to several atmospheres

and expanded again in coiuse of each
stroke. Thus for one part of tlie in-

w ard end of tlie stroke the cushion

pressure is below that of the engine

case whilst at tlie other it is above
engine case pressure. Thus it is always

possible to transfer air from the

cushion cylinders to the engine case

during one part of each stroke or

from the engine case to the cushions

during the other part of the stroke.

Advantage is taken of this to auto-

matically adjust cushion pressures by
the use of a stabilizing valve between
the balance pipe joining the cushions

and the engine case. A spring-loaded

differential piston, sensitive to the

pressure differential between the

cushion balance pipe and the engine

case, is arranged to operate a piston

valve which transfers air in either dir-

ection as required to compensate for

changes in engine case pressure;

which pressure is in turn controlled

by the load demand on the turbines.

Fuel Injection

Fuel injection has to nieet con-

ditions peculiar to the free piston

engine in that injection takes place

over a period which includes inner

dead centre when the pistons and ali

parts connected to theni are stationary

and there is no energy to continue the

cycle other than that to be obtained
from the combustion of fuel. Fuel in-

jection in the GS.34 is, therefore,

affected by means of an accumulator
operated pump whereby fuel is meter-

ed and stored under pressure in a

chamber which is vented to the injec-

tors at a pre-arranged time, controlled

by the delivery pressure, just before

the inner dead jooint is reached. The
fuel is expelled through the injectors

by air pressure acting on the accumu-
lator chamber. The injection operation

is a function of the air pressure, fuel

quantity and nozzle area, and is en-

tirely independent of the pistons once
the cycle has been commenced. The
type of accumulator pump used in the

GS.34 is illustrated in Fig. 5. Higher
speed machines such as the DAG Air

Gompressor can use conventional in-

jection pumps with mechanical delay.

Gontrols are very simple and are

centralized in a single hand wheel,

the operation of which starts the set,

governs its operation and shuts it

dow n.

Initial movement of the wheel to

the starting position admits air under
pressure to a small, pneumatic cylin-

der which moves the pistons apart to

their outer dead points. A "shot" of air

is then admitted to the cushion cylin-

ders, which serves to throw the two
pistons together at full operating

speed, raising the temperature of the

entrapped air until the combustion
of fuel causes the pistons to move
apart and the machine is operating.

Gontrol of the set is then taken over

by the hydraulic governing system

operated by the power turbine ener-

gized by the gasifier. The air require-

ment for starting is very modest and

of the order of 10 to 12 cubic feet.

The gasifier is stopped by cutting

off the supply of fuel, either by means
of the governor or by movement of the

control wheel. Fuel may also be cut

off by a simple mechanical over-stroke

trip which is operated from the link-

age in the event of the O.D.P. ex-

ceeding a safe limit, and by an over-

speed trip on the turbine shaft con-

nected to the same device. In tlie

case of Marine applications of a type

utilizing a unidirectional turbine with

variable pitch propellers a siiigle con-

trol can be arranged to co-oixlinate

turbine output with propeller pitch.

Performance and Economic
Considerations

As has alreudy been indicated, the

thermal eíRciency of converting fuel

into gas is high, and is approximately

43% for the gas conditions which are

now customaiy.

Losses are involved in converting the

gas energy into mechanical energy,

and typical figures are 1^2% to 2%

for pipe friction losses, etc, in the

manifolding, and 1M% to 3% in the

reduction gear, if used.

Turbine efficiencies vary with

type and efficiencies of the order

of 87% to better than 89% are

obtainable with multistage axial íiow

turbines. Such efficiencies make pos-

sible an overall fuel consuniption on

heavy fuel better than .4 Ibs./SHP

/hour. Economies in weight and
space, can hv ohtaimd hy using small

lightweight tuihines running at speeds

of the order of 30,000 RPM and up-

ward and for some applications simple

radial inwards flow turbines have ad-

N antages. Fig. 6 shows a 200 kw D.G.

Marine anxiliar\ generator driven b\

a liigh-specd tliree stage axial flow

turl)ine operating at 29,000 RPM and

energized by a GS.75 gasifier.

The conversion losses are largeU*

compensated for by a reduction of

other losses. In a con\entional engine.

Fig. 5. Fuel accumulator pump (scale

1:5). 1) metering pump. 2) suction

connection. .3 ) control rack. 4 ) non-

retum vah e. 5 ) accumulator plunger.

6 ) air pressure plunger. 7 ) deliver>

valve. 8) fuel injection pipe. 9) safety

valve.

as much as 25% of the mechanical

power generated ma\" be lost in oxer-

coming friction. rather more than half

of this being accounted for by bear-

ing friction and windage, which is en-

tireh eliminated in the free piston

engine. According to tests carried out

at the Technical Hochschule in Zurich

(Eiclielberg) the friction losses in a

free piston engine amount to oiil>

9.3*? of the effective turbine output.

Comparable Heat Losses

The lieat loss to the water jackets

in a coinentional engine can amount

to 25? and an additional 6% or 7'í

may be lost through the lubricating

oil. The heat losses in a comparable

free piston engine approximate 19*.

made up of 14% to the water jacket

and 5't to the piston cooling oil.

It will be appai-ent from the fore-

goiíig that the overall efficiencx of

the gasifier and turbine is comparable

w itli that of a inodern high efficiencx

diesel engine operating at a thermal

efficiencx of the order of 37?.

The gasifier and turbine enjoy sex -

eral adxantages, particularlx" tlit

abilitx to hinn a xerx" xxide range of
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fuels, and in fact, the gasifier can be

operated on anything froin residual

fuel and bunker "C" to kerosene and
gasoline, the power output being dir-

ectly proportional to the calorific value

of the fuel used.

The gas in the manifold before the

turbine stop valve contains approxi-

mately 80% unbumed air, and advan-

tage of this can be taken to burn

additional fuel before the turbine,

which has the eífect of raising the gas

temperature and increasing the mech-
anical output by some 40%. This fea-

ture can be usefully employed to

temporarily increase the power output

to meet peak loadings in certain ap-

plications, as for instance, traction, at

the expense of a temporary reduction

in thermal efficiency. The higher tem-

perature leveis will, however, neces-

sitate a more expensive type of turbine

blading.

The free piston engine and turbine

being vibrationless, do not require

massive foundations and the units,

being comparatively siuall, do not call

for heavy structural members or

gantrycranes for maintenance pin-

poses.

The power weight ratio and volume
area occupied by an installation of

given power compares favourabh
with other types of prime mover, and
the fact that the gasifiers do not have

to be in any particular alignment with

the output shaft has advantages, par-

ticularly for marine propulsion and

locomotive installations.

The cooling water requirement is

low and is of the order of 7 gallons

per installed horsepower per hour.

The possibility of recovering heat

from the turbine exhaust is of interest

in some applications, as for instance,

in the case of Heat pumps for space

heating, and for the generation of hot

water or steam.

Maintenance

Maintenance is very low due to the

small number of moving parts and
compares very favourably with other

types of prime mover. Due to the use

of low teinperatures and pressures

there is no corrosion or gummy de-

posit on the turbine blades, thus

lengthening the time between inspec-

tiou and overhauls. Based on actual

experience with native labour in

Tunisia the turbine section of a free

piston installation need not be in-

spected under 25,000 hoius running

and no maintenance has l)een found

necessary in this period.

The moving parts are fewer and
lighter than in corresponding diesel

installations and there are no crank-

shafts or cam operated valves, load

carrying bearings etc, and fewer and
simpler pistoiís and rings.

Maximum maintenance weight to

be handled on a GS.34 gasifier is only

550 Ibs. for withdrawal of the piston

assembly.

No additional head-room is required

to facilitate dismantling and 3 ft. 6 ins.

clear space at each end is sufficient to

permit the drawing of the pistons etc.

No valve grinding or fitting is neces-

sary with free piston arrangement,

and there are no tappets to adjust.

Complete stripping and rebuilding

of a gasifier can be done by six men
in one day, and ordinary service by
two men in five hours. By providing

standby gasifiers ali maintenance and
inspection work can be carried out in

day shifts thus dispensing with night

work.

Liner wear is more evenly spaced

over both the circumference and

length of the wall than is the case

with a conventional engine and no

characteristic ridge is formed above

the limit of travei of the top ring;

neither is there the same tendency

for bores to wear oval, there being

an absence of the side thrust which

is imposed by the angularity of the

connecting rod in a conventional

machine. The efi^ect of heat transfer

is also spread over a larger area of

the liner wall due to the greater rate

of the acceleration of a free piston

compared with one confined by mech-

anical linkage. As has been shown,

due to the absence of stored energy,

the free piston engine is inherently

non-destructive and ofFers advantages

in unattended installations or where

supervision is limited.

Rating

The rating of the free piston engine

can be separated into the rating of

the gasifier itself and of the complete

gasifier-turbine set.

The gasifier rating is primarily a mat-

ter of the maximum loading of the

diesel pistons for good endurance, the

limit set on the piston stroke in re-

lation to the outer mechanical limit

of its travei, and the maximum per-

missable engine-case temperature.

The present continuous rating of

the GS.34 is 1250 GHP but outputs

of well over 1500 GHP have been

sustained for considerable periods on

test, so that the CMR may be con-

sidered to be conseivative.

Two conditions can be considered

for the derating of complete gasifiers

'

turbine sets viz:

—

(a) with an "adjusted" turbine, the

nozzle area of which is designed to

suit site conditions.

(b) with a "fixed" turbine, the nozzle

area of which is designed for other

than site conditions of ambient and

altitude.

The derating for an "adjusted" tur-

bine is only about one-fifth for tem-

perature and one-half for barometer,

as compared with the derating for a

conventional diesel engine.

Applications

Applications ha\e covered a wide

range and considerable experience has

now been obtained in continuous op-

eration both in central electricit\

stations and with Marine propulsion

units.

Over 300,000 GHP of gasifiers are

either in operation or in course of

production. and an impressive number

Fig. 6. 200 Kw.D.C. Marine auxiliary generator driven by a high speed turbine

and energized by a CS. 75 gasifier.
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of oi>erating houis have been accumu-
lated.

Electrícal Applications

Of tlic (>\istin!í electrical applica-

tious, a 1200 k.w. installation has

been ninniiig at Rlieims since Decem-
ber 1951. A similar installation at

Mctla(íui. in Tnnisia, has been running

since 1953, operating 24 hours a day,

buining residnal fuel, and has now
run something over 25,000 hours. The
tnrbine was first inspected after 12,-

000 hours, and the blades and bear-

ings were found to be in excellent

condition,—and the very light deposit

on the blades was found to be easily

removed and confirms that no cor-

rosion cr deposition troubles should

be experienced even when running on

cheap fuels.

A 600 k.w. set was installed at the

Cerveceria Modelo, Cuba, in 1953.

A 6000 k.w. installation was made at

Cherbourg for the Electricity de
France in 1955, and a similar instal-

lation at Tours.

A 3000 k.w. installation was made at

Ajaccio, Corsica, in 1955.

During 1956 two 1500 k.w. sets were
installed in Noumea and a further

1500 k.w. set for Companie des Phos-

phates de Gafea, at Redeyef, Tunisia.

A 1500 k.w. set was installed in Lome
(Senegal) two 3600 k.w. sets at Aug-
usta, Corsica, and two 1500 k.w. sets

for a cement Company at Chekka,
Syria, a 4000 k.w. set for Egypt, and
a further set for Pointe-Noire, Camer-
oons.

In addition the following sets are

known to be on order and in course

of manufacture.

2—4000 k.w. sets for Sicily.

1—1500 k.w. set for England.
6—6000 k.w. sets for Singapore.

2—3000 k.w. sets for Malaya.
2—6000 k.w. sets for Finland.

2—3,000 k.w. sets for Malaya.

It will be noted that many of these

installations have been operating in

remote parts of the world where they

are maintained by native labour, and
operating experience has been so satis-

factory that in many cases repeat

orders have been received, which
would confirm that maintenance is

low and well within the capacity of

comparatively unskilled personnel.

The foregoing covers generating

sets in regular commercial operation,

and in addition, a number of sets have
been supplied for experimental pur-

poses.

Marine Applications

The largest number of marine in-

stallations are under the French flag,

where the French Navy adopted a

free piston gasifier turbine installation

as standard for a class of fast mine-

sweeper, which was íirst laid down in

1953 and now consists of 21 ships.

The free piston propulsion system

being free of vibration does not trans-

niit any significant signal through a

ship's hull plating to the sea which
makes it particularly suitable for this

. application.

The 1100 ton coasters Cantenac

and Meris,nac, in regular service since

1953 and 1954 respectively, have been
in continuons operation and have

achieved the best record for regularity

of their fleet, with phenomenally low
maintenance. It is particularly note-

worthy that these ships are popular

with both the deck ofiBcers, due to

ease of manoeuvering and reliability,

and with the engine room staff, due
to ease of maintenance and acceptable

engine-room conditions—to the extent

that transfer is resisted to other ships

in the fleet with conventional engine-

rooms.

A 6000 SHP installation has been

made in the converted liberty ship

William Patteison by General Motors.

This ship is in regular ocean service

and has completed several transatlan-

tic crossings. The weight of the pro-

pelling machinery and auxiliaríes is

385.4 tons as against 463.8 for the

original machinery of only 2500 SHP.
Auxiliaries account for nearlv 140

tons. Average speed on trials was
16.7 knots with six gasifiers, 15.4

with five and 12.3 with four operat-

ing. Final operating costs for this

ship have not yet been made avail-

able but corrected fuel consumption

for ali Services is understood to better

.510 Ibs/shp/hr as against .494

Ibs/shp/hr for the sister ship with

geared diesels. The Patterson uses

commercially available bunker "C"
and no special processing is required

other than centrifuging.

The 1,350 ton 15 knot deep sea

trawler Sagitta has now been 270 days

at sea since being commissioned in

January 1958. She is equipped with

two GS.34 gasifiers feeding a 2000
SHP 8000 RPM imidirectional tin-

bine driving a C.P. propeller through

reduction gears. Fuel Consumption
has averaged 7.2 tons per day using

heavy oil. Two sister ships have since

been ordered.

The T. V. Morar of 9,200 ton dead-

weight capacity and 2,500 SHP has

been in regular service since the be-

ginning of the year and has attracted

much favourable comment from ship

owners and others who have sailed in

her.

The T. V. Morar is the first British

vessel built specifically for free piston

propulsion and her engine room is the

first ali British built marine installation

of this type. The installation consists

of three GS.34 gasifiers feeding a re-

versing turbine running at 5250 RPM
and driving through reduction gears

to a propeller at 115 RPM.
The ship is an ore carrier and is

built to the maximum dimensions con-

sidered to be suitable for a vessel call-

ing regularly at Port Talbot. The
weight of the whole machinerv is only

410 tons as against a total of 630 tons

for the diesel sister ship which gives

an increase in deadweight of about

200 tons. The use of free piston ma-
chinery could have pennitted a reduc-

tion in engine-room length of ten

frame spaces, but the vessel being an

ore carrier, it was found to be un-

necessar\ to make use of more than

five. These five frame spaces give an

increase in bale capacity of 12,411

cu. ft. over the sister ship and also

allov\' an increase on 309 tons in water

ballast capacity.

The T. V. Morar has a designed

service speed of 11 knots. The fuel

consumption of the MK II turbine in-

tended for this vessel is 0.42 Ibs. per

SHP/hr using heavy fuel of 1.500

seconds viscpsity. On trials, speeds of

12^2 knots were achieved on three

gasifiers and 9^2 knots on two gasi-

fiers with the third shut down.

Under construction are installations

for a cargo ship of 2000 SHP for

France, Fenwick &: Co. Ltd., 4000

SHP for a dry cargo vessel building

for Bolton Steamship Co. Ltd., a 4000

SHP installation for a cargo liner for

British índia Steamship Co. Ltd., and

a 7000 SHP propulsion set for a new
cargo liner building for Crest Ship-

ping Co. Ltd.

Two 16,000 SHP installations are

under construction for French vessels

and seven 4000 SHP installations are

being built for USSR and a 3,000

SHP installation is being built for a

Whale Catcher in HoUand.

In addition to these, a number of

marine auxiliaries of 200 k.w. incor-

porating CS.75 gasifiers are being in-

stalled in ships in England.

Industrial Applications

In addition to the above applica-

tions, gasifier tiubine installations

have shown themselves to be suitable

for other duties such as pmnping
water and compressing gas. and a

pumping installation has been in
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operation in a Paris waterworks since

1955.

A free piston turbo compressor is

particularly suitable for heat pump
applications as the turbine can be

designed for direct coupling at the

most eflBcient compressor speed and
ali the heat can be recovered.

As a result of a survey of the most
suitable power source, free piston

gasifiers were selected for the 13,000

SHP gas compression plant in the new
I.C.I. Synthetics Plant at Wilton, Eng-
land. This installation consists of 13

GS.34 gasifiers feeding into a com-
mon ring supplying 6 turbo-compres-

sors. A GS.34 Tmbo-compressor is to

be installed in Austrália.

Rail Traction

The ability to burn cheap, residual

fuels, coupled with the favourable

torque characteristics of the turbine

makes the gasifier turbine power unit

very suitable for traction applications.

A 1000 HP locomotive incorporat-

ing a single GS.34 gasifier was built

by Renault and has been in regular

mainline service since 1952. The
gasifier and turbine of this locomotive

are carried on the main frame and
the drive is transmitted to the axles

by means of a gearbox and carden

shafts. This particular locomotive has

been burning a light furnace oil with

a viscosity of 85 seconds Redwood at

100°F. and shows an appreciable

economy against a diesel locomotive

running on gas oil; this is accentuated

by the fact that gas oil is taxed in

France, as in some Canadian prov-

inces, whereas furnace oil is not.

This locomotive has run well over

125,000 miles in normal operation and
the experience gained has been used

to design free piston gasifier loco-

motives of 2000 HP which are also

built by Renault. A 2000 HP loco-

motive is also under development by
General Motors in the United States

and 3,000 BHP locomotives are being

built in U.S.S.R. as a result of satis-

factory operating experience with

Free Piston Gasifiers.

It would appear that the low tem-

perature and pressure to which the

connecting ducting between the gasi-

fier and turbine is subjected would
lend itself to the design of a loco-

motive in which small, high speed

turbines were mounted on the power
trucks, where they could be directly

connected to the axles through suit-

able gearing, as in a traction motor,

the turbines being supplied fram gas-

ifiers mounted on the main frame.

The CS.75 gasifier would appear
to be particularly suitable for this

application as their short length would
enable them to be mounted trans-

versely across the chassis and multiple

units could be installed to deliver

3600 HP or more. Such an arrange-

ment would facilitate maintenance by
the replacement of individual gasifier

units in rotation, with serviced units,

and would greatly reduce the time

during which the locomotive was out

of service for maintenance purposes.

Automotive Applications

The gasifier turbine is also suitable

for automotive applications, and at

least four companies have small units

in the range 100 HP to 250 HP
imder development which would be

suitable for powering commercial ve-

hicles and possibly private automo-
biles.

The low temperature gas turbine

has special advantages in multi-

wheel drives where differentials can

be dispensed with and for the steer-

ing of tracked vehicles. The turbine

performs a similar function to a torque

converter and for most applications

variable speed transmissions can be
dispensed with, and the turbines can
also be designed to give up to 60%
reverse torque which may also be

used for braking purposes.

General

Applications to date have followed

conventional lines, but the character-

istics of the gasifier turbine unit lend

themselves to applications where me-
chanical power is required to be taken

from shafts at relatively high rota-

tional speeds.

Turbine speeds can be matched to

those of highly eíRcient rotary com-
pressors for the delivery of process

gas etc. An interesting application is

the driving of a compressor associated

with a heat pump which would also

enable the heat content of the exhaust

gas to be recovered. Other applica-

tions are the driving of high frequency

generators in association with elec-

tronic apparatus, high frequency elec-

tric funiaces etc.

The quick staiting feature oflFers

interesting possibilities of designing

large no-break mains failure standby

sets of a type where the turbine rotor

would substitiite for the no-break fly-

wheel.

In addition to straight gasifier tur-

bine applications, there are attractive

possibilities to be had from mixed
cycle installations in which gasifiers

are associated with steam installations.

The exhaust discharged from the

gasifier-turbine contains approximately
80% of unbumed air, which can be

used under a boiler as preheated fur-

nace air. This has the efiFect of raising

the overall steam plant efficiency and
the combined efficiency of a gasifier

and steam plant can approach 33%.

Such a combined cycle is of particular

interest in Marine installations, as it

enables a reduction to be made in

boiler size, and enables the eaming
capacity of a vessel to be increased.

Conclusions

The free piston engine combines the

advantages of the high thermal ef-

ficiency of the diesel engine with the

torque characteristics of the gas tur-

bine; it also eliminates most of the

disadvantages associated with these

types of prime mover.

The free piston engine is now out

of the development stage and is firmly

established, particularly in the fields

of industrial power generation and
marine propulsion, and its applications

in these fields are expanding rapidly,

particularly in the unit range from

1000 to 16,000 H.P.

The application of the free piston

engine to road and rail traction is not

yet out of the development stage, but

the operating characteristics of this

engine are such that it must become
firmly established in this field also.

The free piston engine has numer-

ous advantages over other prime

movers for certain applications, and

these include reliability and ease of

maintenance with relatively unskilled

labour, the elimination of vibration

and resulting saving in foundations

and stmctural supporting members,

as for instance in ships, light unit

weight and bulk, which lends itself

to trans-shipment by air, and mainten-

ance without heavy lifting tackle. The
ability to burn a very wide range of

fuels which includes residual oil, the

ability to deliver a stalled torque, and

the ability to deliver power at high

rotational speeds suited for direct

coupling to turbo-compressors, high

frequency electrical generating ap-

paratus etc.

Further improvements may be an-

ticipated in specific output, the fuel

consumption at light loads, and on

widening the range of applications.

particularly by the development of

small lightweight gasifiers suitable for

automotive applications.

The author acknowledges the use

of Information made available by
Société Industrielle Général et Méca-
nique Appliquée, Alan Muntz and
Co. Ltd., The Free Piston Engine
Company Limited, and the many
earlier pubhcations which have made
this paper possible.
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DESIGN OF A FUNCTIONAL STRUCTURE
IN OR ON ROCK

A. V. Corlett, M.E.I.C., Algoma Ore Properties Professor in Mining Engineering.

C. L. Emery, M.E.I.C., Lecturer, Queerís University.

Ko num Ls an Ilaiul, intirc of Itselfe

John Donne; circa 1625

THE SCIENCE and ait of engin-
eering has been divided and sub-

divided continuously since sappeis
first moved from military engineering
into civilian service. The specialist in

each branch finally diseovers that his
problems are not uniqne, bnt consti-
tute the problems of engineers in

other branches, so now a coalescence
of engineering knovviedge for the
design and construction of the major
projects is necessary. Civihzation has
reached a stage where it appears that
men may again have to go under-
ground and live as cavemen. The
design and construction of under-
ground excavations for the housing of
power plants, warehousing, factories,
bomb-proof record storage, and the
accommodation of people as a civil

defence project falis in the field of the
civil engineer.

This paper is intended to point out
the interdependence of civil engin-
eers, geological engineers, and mining
engineers in the design of these
underground structures. The mining
engineer, if he has any unique qnali-
fications, is learned in the construc-
tion and support of míderground
excavations. He is inclined to take a
pessimistic view of ground support
surrounding underground excavations
because he is seldom asked to work
except in rocks that have been sub-
jected to the tremendous geological
disturbances which have brought
about most orebodies.

The mining engineer is accustomed
to working with stresses beyond those
employed by most engineers and if
he has learned nothing else he does
know that there is no such material as
solid rock." There is a parallelism
between structural members used by
other engineers, and their counter-
parts used in structures underground.
The mining engineer however de-
velops his structures within a stressed
mass. The behaviour of rock as a
structural material is examined, in
this paper, in relation to the stresses
to which it is subjected in the peri-
pheries of underground workings.

The intention is to demonstra te the
unique knowledge which is stock-in-

trade for the mining engineer and its

usefulness to reveal and either utilize

or neutralize factors that affect the
design of underground excavations.

Foundations, open excavations, and
closed excavations are considered.

Structural Elements in Excavations

The most obvious structural mem-
ber in an excavation is the beam or
arch overhead. The next feature
observed would be the side walls,

which may be considered as analo-

gous to either pillars or abutments.
The design problem at once apparent
is that there is only one free face to

the arch or to the abutment. The
thickness is not revealed by observa-
tion. The other elements entering into

underground structures are struts, or

an assembly of contiguous struts that

may be considered to form plates or
slabs. These are usually measurable in

dimensions because usually they are
of different material from the primary
material in which the excavation is

being made. A dyke is an example of

this structural element.

Physícal Characteristícs of Rock

There can be no intelligent design
unless the physical characteristics of
the materiais entering the design are
known. Rock is made up of mineral
crystals or amorphous material, which
may be crypto-crystalline. It is a
material similar to concrete in íhat
there are particles having varied
physical constants in a matrix of other
materiais also having varied physical
constants. The standard tests that
have been devised for other construc-
tion materiais are parelleled for the
testing of rock specimens. The
U.S.B.M. (United States Bureau of
Mines) has designed and published a
series of standard tests for rock speci-

mens. ' These are bulk tests. The data
obtained refer to the average behav-
iour of the assemblage of minerais in

the test piece which represents the
rock under test. The tests are designed
to be made on drill core whicli is the
easiest and the most common way to

get samples of the rock u hich wiíl be

involved in the construction. The
orientation which the drill core had in

the parent rock is important, though
not included in the above reference.

Standard Tests. A length of drill

core showing no visible defects is

examined sonically to determine the

velocity of sound, longitudinally and
transversely, in the diamond drill core.

The sonic measurements, and the

density of the rock give a \'alue for

Young's modulus, shear modulus or

modulus of rigidity, the damping
capacity, and the derived function,

Poisson's ratio. These characteristics

are determined under conditions of

no applied stress. Density is an

important factor in these determina-

tions and it w ill change with changes

in the bulk modulus. The values

obtained by sonic tests, appl\' only to

the conditions of no stress and will be

different for different degrees of

stressing. They only ser\'e to compare
the characteristics in the unstressed

State.

The strength in compression is

measured by preparing a suitable

cylinder of rock from a piece of dia-

mond drill core and compressing it to

failure. Auxiliary measurements at

this time may include the use of

strain gauges to find the axial and the

lateral strains to give new measure-

ments for the moduli and Poisson's

ratio. The strength in tension is diffi-

cult to learn because apparatus to test

the strength in tension is difficult to

devise. A measure of the strength in

shear is made by a transverse fracture

test \\hich determines the modulus
of rupture, a characteristic ha\ing

a value somewhere between the

strength in shear and the strength in

tension. The U.S.B.M.^ specifies other

tests having to do with hardness and
abrasion resistance, but these do not

appear to have an\- conncction with

support of underground excavations.

Time Effect. Laborator\- stiidies

not prescribed by fhe U.S.B.M.' have

been made of stress-strain-time rela-

tionships. This introduces the phe-

nomenon of creep and plastio defor-

mation. Most rocks whcn compre-ssed

rapidly and released from prossvue
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Fig. 1. Photoelastic studies showing the stress fields around openings.

lapidly show a straight liiie stiess-

strain relationship and the strain is

lecovered. If the stress is applied
slowly or is maintained at any levei on
most rocks there will be increased

strain. If the stress is released quickly
at the end of an elapsed time the

stress-strain relationship will be nearly
linear and nearly parallel to the line

showing the rapid application of

stress. Much of the residual strain

remaining at the conclusion of the

unloading cycle will be recovered at

a rate decreasing with time. Whether
ali strain will be recovered with suffi-

cient time or not depends on the

behaviour of the rock minerais when
stressed.

Behaviour When Stressed. It has

already been stated that rocks are

made up of an assemblage of minerais

with varying physical characteristics.

When the rock is stressed some min-

erais behave as elastic (Hooke solid)

bodies, and others as plastic bodies

(St. Venant solid), and others as vis-

cous (Newtonian liquid) bodies. When
the stress is first applied the elastic

bodies behave elastically, and plastic

bodies behave elastically up to the

point where they, the plastic bodies,

yield plastically, and the viscous por-

tions behave elastically for a small

amount of strain then proceed to flow

to accommodate the pressure.

When the specimen is destressed

the elastic particles are restrained

from immediate recovery of strain by

the surrounding viscous matrix and

the plastically deformed particles

remain plastically deformed. Stress

bringing about a reversal of the vis-

cous flow and arising from the elastic

qualities of the Hooke's bodies is

resisted by the viscous matrix but it

yields and there is a slow recovery of

the strain in the elastic bodies with

the consequent readjustment of the

viscous matrix. Eventually ali the

elastic strain will be recovered but

the plastic deformation will not be

recovered. These phenomena are

shown in Charts 1 and 2.

Stresses Around Openings

The distribution of stresses around

openings must be known to permit

proper design to accommodate them.

YIELD in unlts of 0,0001 inch per inch of lenfTth
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Tliese stresses aiound several stand-

ard shaped openings liave been stud-

ied by niany matheniaticians and
ph>'.sicists in a manner leferred to

heie as the classical treatment.

Classical Treatment. The first shape
exaniined is the circle. Most books on
mechanics of materiais or behavionr
of materiais under stress, or theory of

elasticity derive formulae to show the

stress condition aronnd openings of

various shapes. Under conditions of

unilateral compression the circle will

display a tensile, tangential stress

equal to the applied field at the dia-

meter marked in the direction of the

field of stress and at the diameter nor-

mal to the field of stress there will be a

compressive, tangential stress of three

times the applied field. The isotropic

stresses are calculated by adding the

effects of a unilateral field acting at

right angles to the first field. The
result is a uniform tangential com-
pressive stress around the circumfer-

ence and equal to twice the applied

field.

Similar calculations are made for

other shapes and the results of such
calculations are shown in Chart 3,

which is from R. I. 4192; Duvall.^

The mathematical treatment is

supplemented by photo-elastic studies

to show the stress fields around open-
ings to confirm the mathematical find-

ings and to examine fields about
openings too irregular for reasonable
mathematical analysis. The photo-
elastic findings check the mathemati-
cal findings and the stress fields

about different openings are shown in

Fig. 1.

Pragmatic Treatment. The classical

treatment describes the stress distri-

bution around an opening in material

that is isotropic. Rocks are aeolotro-

pic, and controlled stress fields are
not available. There are two types of

stress to be considered in the field of

an excavation in rock, and a third

type which is a combination of the
two. The first is superincumbent
weight, and the second is orogenic
stress.

Superincumbent Weight. The rock

in which an excavation is to be made
will be stressed and strained to a

degree permitted by the Young's
modulus and Poisson's ratio of the

rock involved. An element of the rock
at depth would be in a condition

analogous to an apparatus consisting

of a cube having movable diaphragms
as boundaries and equipped with
tensed springs pressing outward
against each of the cube faces (dia-

phragms). The degree of strain in the

springs would be a function of the

weight carried above the elemental

cube. Dash pots, to prevent instan-

taneous release of strain, must be

added to the system. When the

balance attained by the system in the

elemental cube is disturbed by an
excavation ali the strain due to the

superincumbent weight acts as if it

were concentrated in the elemental

cube, and is a function of that weight.

The elastic strain in the springs will

be recovered as rapidly as w ill be

permitted by the restraint of the dash

pots which serve to simulate the vis-

cous flow action of the matrix of the

elastic particles of rock. There will

be a release of upward stress and the

superincumbent prism of overKing

rock would seem to have no support.

Support will be provided by contact

between the walls of the prism and
the surrounding rock in a manne;
analogous to the behavionr of gran-

ular material in a deep bin wliere

the floor of the bin only has to sup-

port a small are of the granular

material. The rest of the weight is

carried by the wall of the bin as

may be seen b\ Jansens fonnula,

sometimes called Ketchuni s formula.

The vertical pressure V in a deep
bin is

V = |1 - ,-ÍC..,7í
j

Am
where /i represents any height at

which V is detennined. It is tlie onh

variable and f-Kn'i</R a decaying

function that rapidh' approaches zero

with increases in /), and V becomes

constant with respect to h.

It is establislied that the roof (back)

of an excavation will onl\- be defomi-

ed in good time b\ the recovery of

the elastic strain which was brought

about b> the superincumbent weight,

Once the deformation has accommo-
dated this elasticity the distanco lo

the surfaoe lias no offect. Tho sup-
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port wUl be supplied as a beam, but

because rock is always weak in ten-

sion and usually has actual or poten-

tial discontinuities, the suppoit is

provided by an arch described by

Evans^, as the voussoir beam. The

abutments, at the ends of the beam,

will be stressed to accommodate the

weight of the intradosal material and

the horizontal stress that is already

there, from Poisson's ratio for the

rock, in the undisturbed ground. This

stress will be in a direction controlled

by the magnitude of these two com-

ponents, and applied at the corners of

the opening. The walls of the exca-

vation may be considered to extend as

the walls of the prism to the surface

and, as pointed out above, will carry

the superincumbent load. Conse-

quently at the corners of the excava-

tion the ordinary field of stress is

increased by having to carry the stress

from over the opening and the hori-

zontal stress formerly in the rock. The
application of stresses of different

magnitudes and directions will either

Fig. 2. Successful application of rock bolt.s.

produce a failure in shear at the cor-

ners or be accommodated by an

adjustment at the corners of the exca-

vation to bring the various stresses in

balance. The wall of the excavation

will be acting as a plate with a body

weight equal to the normal vertical

Chart 3

stress field and an imposed load equal

to the load over the excavation. These

features have been analysed by

Emery.* A similar reaction will take

place in the floor section of the exca-

vation.

Orogenic Stresses. Probably no

rocks with a geological history in the

earths crust have remained undis-

turbed since they were established.

They have been subjected to warping

and folding and to carrying great

weights of superimposed rock. Some
authorities estimate that as much as

24 miles of rock have been worn off

parts of the Precambrian Shield in

Canada. The phenomenon that gives

the best appreciation of the extent of

the sb'esses involved in crustal defor-

mation is probably the reverse fault

where the pressure being relieved by

lateral thrust has been sufficient to

shear the formations and slide one

side of the shear over the other with

a consequent lifting of ali the rock

above the member. Prior to the rup-

ture by a thrust fault a horizontal seg-

ment of the earth's crust must be con-

sidered as a plate in a high state of

stress, and an excavation in this plate

will permit a rapid release of some of

the elastic strain and some with a

slower rate that will decrease with

time. This stress may often be greater

than the stress applied by the super-

incumbent load above the excavation.

The process of accommodating the

stress built into the rock will be the

same as that of superincumbent stress.

Combined Stresses. A proper com-

bination of superincumbent load stress

and orogenic stress can result in a

stronger structural member than either

one would alone. Furthermore the

resultant of the two stresses will

always be greater than either princi-

pal stress. Morrison and Coates'*

examined the stress conditions in St.

Venant solids and demonstrated tliat
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shear is resisted by the magnitude of

the secondary stress involved in tlie

shear. The beani over an opening

inay behave as the prestressed con-

crete beains used in constrnction do.

The result woiild be firnier, stronger,

w ali boundaries for an excavation than

it eitlier one of the stress sonrces

operated alone.

Tlie plnsieal characteristies that

resist failure range from conipression,

tlie strongest, through shear which is

Interniediate, to tension which is the

weakest. Rock is aeolotropic in its

stnicture bnt in addition it is seldom
eontinuons. It may be interrnpted by
bedding planes or by faults, \\'h;ch

are obvious, or slips which are dis-

continnities in the rock. They may be

microseopie in size or may not l)e

developed, and the weakness would
oiil\- be a place where a slip could

occur under stress. These vveaknesses

may have any orientation, and iiiter-

secting planes. The result is that no
rock design shonld a.ssign any lesis-

tance in tension to a rock. It is nsu-

ally safe to assign compressive

strength and the most likeh type of

failure is in shear. Three types of

failure ma>' be recognized—fracture

failure, plastic failure, and explosiva

failure.

Fracture Failure. This type of fail-

ure is most apt to be seen in rocks

haviíig high elastic moduli when they

are compared to the compressive
strength. It is not eonfined to the

elastic bodies in the rock assembly.

The viscous matrix components will

fail in brittle fracture if the stress-

strain rate is faster than can be
accommodated by the rheology of the

rock. The plastic failure is a failvne

in shear between small sub-divisions

of the failing body. The result is a

permanent set that is not recovered

when the rock is destressed. The
explosive failure is the release of

stored up strain energy that occurs

when stresses are concentrated in a

part of the rock mass that is unable

to accommodate them. The failure

may be on a small scale, where brittle

components of the rock fracture

explosively to yield microseisims, or

where the whole rock fails at once

and produces rock bnrsts. There are

several ways in whicli this energy

may be concentrated in one portion

of the rock mass. One manner that is

eas\' to visualize is where a rock

member with high moduli character-

isties is under stress when sin"rounded

by rocks with much lower moduli.

The stress will be concentrated in the

strong member which will carry it as

a strut up to the point where violent

failiue takes place. This can work as

well during destressing periods as

dmiiig stressing periods. There \\ill

be a similar differential stress set up
when the rock is being destressed and
a crack may start. Recognition of the

phenomenon of a crack tip being pro-

pagated through different types of

rocks, fed by the strain energy of the

rock so relieved, is recognized in the

Third Theory of Comminution b\'

Bond." If the crack reaches the sm-
face before it fades, spalling takes

place.

One or ali of these types of failure

may be found in any type of \\ orking

here considered, foundations, open
excavations, and closed excavations.

Open Excavations. This term refers

to openings in the surface which ma\

be formed by stripping or digging.

Foundations. The most obvious

cause of rock failure under founda-

tions is the existence of either a weak
clay, or shale, bed concealed below
an apparenth' strong bed at surface.

Under the ueight of the foundation

or under the different hydrodynamics
induced b\ the existence of the struc-

ture the clay or shale or other weak
bed will shrink or heave according to

the Controls available. This will result

in an adjustment in the foundation

and damage either by cracking or

shifting in the structure. A second

form of failure that may occur is due
to warping of the bedded foundation

rocks, or the presence of two types of

rock formation with boundaries that

are not parallel to the foundation

plane. The two rocks will not have
identical ph\sical characteristies, and
because of the var>"ing thickness of

one o\'er the other there wiU be dif-

ferential strains under identical pres-

sures. These may be sufficient to

cause cracks in the building. The
stresses resulting from tlie application

of a wall on a plane, in this case the

surface of the rock, are examined in

the Theory of Elasticity" and in other

books on elasticity. A third, less

obvious, source of failure is one that

would result from the distiubance of

the eqinlibrimn existing on the upper
side of a formation acting as a strut or

plate in stress. The forces a\ailable

in such a formation were exhibited in

a marked way at the Mamioraton
Mine, Marmora, Ontário, while the

limestone was being stripped from

o\er the orebody. At a depth well

w ithin the range of the height of

main structures the differential pres-

sure between the wall rocks and the

pit bottom, w here the superincumbent
weight had been removed, permitted

a condition ot differential stress so

that there w ere great upheavals in the

floor of the pit. The pit was approxi-

inate]\ 2400 feet bv ISOO feet in area.

Tlie area which was affected was a

parabolic-like section at the north en<l

ot the pit haxing its focus on the

centre line of the pit w ith the distanci^

from the focus to the vertex being

ipproximateK 300 feet. There were
tw o distiuct uphea\ als w hich occurrcd

appro\iniatel\ .300 feet apart. The
apex of the uphea\al reached an ele-

\ ation of approximatt^K" 15 feet alxi\ o

the elexation of the pit floor. "'^

The conditions may have Ihhmi

.iggiavated b\ differential stresses set

up as described above, when the

elevation of the pit-bottom was

approaehing that of the underhing

ore.

Fig. .'3. An e.vainple of effective guniting at the Mclnt>re mine.
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Fig. 4. Result of side pressure against a concrete lining in a small opening.

^ailure in Open Excavations

The Marmoraton pit-floor failure is

one type of failure. The most hkely

source of failure is in the walls of the

excavation. Bedding planes, faults,

and slips may have such an attitude

that the walls will slide into the exca-

vation. The other forces at work to

bring about wall failure are those that

every engineer has observed around
an earth excavation. The phenonienon
is e.xtensively observed in soil mechan-
ics. The difference between the

behaviour of rock and soil is a func-

tion of the internai friction. If the

rock, as a result of occurrences in its

geological history, is minutel>- frac-

tured or has incipient minute frac-

tures it will behave as a soil. These
fractures may result from man-made
weakness. An example is the rock

slide at Turtle Mountain, B.C.

Failure in Closed Excavatiom. The
behaviour of rock in closed excava-

tions is the usual field of investigation

and control for the mining engineer.

Rock is not an isotropic body and it is

not subjected to isotropic stresses. If

rock was isotropic, continuous, and
subjected to isotropic stresses, no
e.xcavation would fail if the cover was
thicker than the span of the opening.

It has been pointed out previously

that rock is aeolotropic and subjected

to differential stresses. The elastic

behaviour of rock makes it subject to

failure in shear, and the shear planes

will approximate 45° in direction to

the applied force. The aeolotropic

nature of the rock makes it improb-
able that this will be the only control.

To a degree the failure, bit by bit, of

the rock will result in a granular mass
which is best analysed for failure in a

manner analogous to the analysis used
by engineers in soil mechanics. The
rock is considered as fragments of

elastic bodies subject to interface

movement, which is restricted by the

magnitude of the stress normal to the

plane of incipient movement, and by
the cohesion between the particles.

This phase of rock mechanics is the

subject of the paper b\' Morrison and
Coates.^ The evidences of failure by
this agency are spalling, slabbing, and
crushing.

Some rocks are sufficiently weak in

shear to fail as plastic bodies and
their failure is evidenced by a squeez-

ing in of the walls surrounding an

excavation. When this happens to an

advanced degree the walls of the

excavation will close the opening.

Support in Rock Structures

Rock may be supported in several

ways. The first is to erect a frame-

work against the walls and roof of the

excavation to keep loosened rock from
falling into the opening. The loosened

rock takes up more space than rock in

place so, at a reasonable height above
the framework, support will be main-

tained against the unbroken back and
an effective supporting arch niain-

tained. Fracturing from elastic failure

will be limited to a small amount of

broken rock lying above the frame
support.

Mining engineers have long recog-

nized that the only satisfactory sup-

port for rock is rock, and the objec-

tive of another method of support is

to make the rock self-sustaining by
preventing the initial movement
between rock components. The most

recent practice in rock support

involves the use of rock bolts which
are anchored well behind the surface

of the excavation and maintained in

high tension. It is pointed out above

that when a rock yields elastically the

components are restrained from rela-

tive motion by the normal component
of the pressure at the face of the

potential slip. This is reinforced by

the cohesion of the rock particles. The
purpose of rock bolting is to increase

this pressiue normal to the slip planes

that, if allowed to develop, would
reach the surface of the excavation

and result in a loosened rock. One
phase of this manner of correction is

analysed by Corlett.^

Another manner in which effective

rock bolting improves the structural

qualities of the walls in a rock exca-

vation is hy increasing the magnitude
of the secondary stress which may
prevent failiue in the manner estab-

lished by Morrison and Coates."^ The

failure between the adjacent rock

particles is brought about by the ratio

between the two principal stresses

acting on the rock. If one of these,

the stiess in the direction of the rock

bolt, is the lesser stress and it is

increased by the bolt tension the ratio

will be small enough to prevent fail-

ure. A third effect of the rock bolts is

when the wall bovmdary of the exca-

vation is in a condition of stability

brought about by the proper balance

of two directional stresses and it is

behaving as a prestressed beam. The
rock líolts will resist the tendenc\' to

destress by expansion into the open-

ing and the prestressed condition will

be maintained. It is clear that the

maintenance of a high stress in rock

bolts is needed to make them effec-

tive in any other manner than as a

substitute for posts. Figure 2 shows a

successful application of rock bolts.

The structure in the foregroimd shows

support by a framework.

The application of concrete as

gunite is a third method used by min-

ing engineers to preserve the walls of

excavations. It is not widely used but

has been used successfulK imder con-

ditions that would make its successful

application seem improbable. The
giniite must be applied carefully on a

thoroughly cleaned and scaled surface

so it can form a bond with undis-

turbcd rock. The result is that frac-

tures are prevented from starting at

the surface of the rock. An early

description of extensive guniting was
from the Mcintyre Mine b>' Keeley''^

and that gunite is still operating

effecfiveK twenty-five vears later

(Fig. 3).
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Phistic Faihirc. Plastic failiiie re-

sultiug iii a rock that continues to

> idd jx-iinanently undcr piessure can,

as pointed out above, conipletely fill

an opening. Wlien the plasticity is

snfficiontlv' developed it would seem

tliat tho onl>- way the opening conld

he kept open would be to design a

lining to resist isotropic pressures

eijual to tile weight of the supeiin-

cunibent rocks as one would design a

pressure vessel to be submerged. Fig-

ure 4 shows the result of side pressure

against a concrete lining in a small

opening. The design of the lining

resisted the vertical pressure more
effectively than it did the side pres-

sure. The method of placing the con-

crete made this probable.

Rocks that have plastic tendencies

and fail plastically have been success-

fnlly held with gunite. Figure 5 is the

picture of an excavation maintained

in a yielding rock. The twisted col-

umns have not nioved relative to the

gunited surface, which is undisturbed.

The deformation of the columns was
caused by the upheaval of the floor,

which was not protected by gunite.

A similar excavation in similar rock,

made as a hoist room, held in an
equally satisfactory fashion in the

back, but the hoist was continually

getting out of line because of the

heaving in the floor. There may be,

in addition to preventing initial move-
ment in the rock, an added protection

against the hydrodynamic action of

water getting into the rock, or air get-

ting into the rock, and causing the

formation of new minerais requiring

greater volume.

Policy or experience may dictate

the use of massive concrete linings to

maintain underground openings. Such
linings must always be placed tightly

against fresh undisturbed rock to be
most effective. They have the dis-

advantage of requiring a larger exca-

vation than would be needed for thin

linings such as gunite, and the stress

in the wall and roof members behaves

as stress in such members behaves

anywhere. It increases with the square

of the span and in many underground
designs one finds the span greatly

increased, with the accompanying
increase of stresses to be accommo-
dated, and the strong rock which was
taken out is replaced by concrete

which is a much lesser structural

material.

Explosive Failuie. Explosive fail-

ure, referred to usually as rock bursts

in metal mines or bumps in coal

mines, often produces an amount of

energy that cannot be resisted by
artificial supports or by rock weak-

ened by excavations. The only remedy
available is to locate the excavation so

it will not induce dangerous accumu-
lations of strain energy in small

bodies of rock. Great depth or wide
openings are not needed to permit

rock bursts. The>- have been known
at shallow depths as a result of the

inherent stresses built into the rocks

during their geological history.

CONCLUSIONS

Any excavation should be sited and
designed only after a thorough exam-
ination of the proposed location by
engineers and geologists. The field of

the geologist would be a study of the

lithology and geological history of the

location area to determine the rock

types and the extent of the tectonic

forces involved. The geological stud\-

would invohe surface examination

and diamond drilling.

Diamond drill cores from the

vicinity of a proposed excavation

must be available to the designing

engineer and proper teamwork
between him and the geologist should

provide some cores useful to both.

Drill cores for the engineer must have

definable orientations. He should

determine the physical characteristics

of the rocks. using the drill core as

samples. He, if he has a proper back-

ground in rheologN' and structural

engineering, can determine how the

rocks will behave under the stresses

imposed b> the excavation. These

factors will control the proper orien-

tation, the permissable size, and the

ground support needed, that will

enter into the design.
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Precast Concrete as an Aid to Winter Construction

A. W. Smith and C. R. Crocker
Placing concrete in winter is difficult, may be extra costly

and be delayed. Studies, since 1954, by N.R.C. Division of

Building Research inckide feasibihty of using precast con-

crete to meet Canadian conditions. Results are reported in

the paper. Precast concrete is widely used in Europe, ahnost

exclusively in Rússia, for commercial, industrial, and resi-

dential building. Northern countries are of special interest,

with climates similar to many parts of Canada. Technical

literature search was supplemented by visits to precast con-

crete manufacturers, consulting engineers, architects, builders,

laboratories, in U.K., U.S. A., and Canada. Future for pre-

cast concrete appears to be good, once accepted. One
problem: difficulty of joining structural precast members at

low temperatures.

Littoral Drift in Lake Ontário Harbours
R. J. Kennedy and A. Brebner

Depth in many Lake Ontário harbours is maintained by
annual dredging. At Cobourg, Ont., annual cost is over

$50,000. Problem may increase greatly with larger seaway
traffic. Movement of material by wave action along the

shore (littoral drift) is a world-wide problem, but funda-

mental knowledge is lacking and particular solutions may
not apply elsewhere. Since early 1958 a N.R.C. Associate

Committee, with members from Dept. of Public Works,
N.R.C., and Queen's University, have studied the problem.

The paper deals with the continuing collection of field

data: wind and wave records, rate of change of underwater
contours, characteristics of beacli material and its point

of origin. A parallel fundamental laboratory study is intended

to relate wave characteristics to the transport capacity for

any given material.

The Humber Sewage Treatmeiit Plant

R. L. Clark

The Municipality of Metropolitan Toronto is carrying out

the first complete pollutional control program of its kind

in Canada. The Humber Sewage Treatment Plant, one of

Ihree major plants in the scheme, will provide complete

activated-sludge treatment to ali sewage flows from the

Humber River watershed, ultimately serving 800,000 persons

or one-third of the Metropolitan area. Initial capacity will

be 50-million gal./day, from 475,000 population. Paper

describes planning for flow, treatment, and plant site. Details

include main plant design, components, facilities, power
supply, stnicture, aichitecture, hydraulic design, staff faci-

lities. Construction methods and progress are reviewed, and
plant costs presented.

The Use of Fly Ash in Concrete by Ontário Hydro
I. Mustard and C. Macinnis
A resume of Commission experience with tire use of fly

ash as partial cement replacement. Particular properties of

fly ash, its effect on properties of concrete, and a summary
of Commission applications (Niagara, St. Lawrence, White-
dog and Caribou power projects). Purchase specifications.

method of handling the ash, effectiveness in producing de-

sired results, and how fly ash concrete compares with regular

concrete for job control, handling properties, etc.

Experimental Studies of the Effects of Blasting on Structures

A. T. Edwards and T. D. Northwood
Controlled blasting was done near six buildings to deter-

mine ability to withstand ground-vibration damage. Three
buildings in wet silty clay soil; others in well-consolidated

glacial till. Blasts increased until damage occurred, in

attempt to correlate damage widi size of blast and distance

from structure. Measurements of displacements and acceler-

ations of tile ground, and at points in the structure, were
also correlated with size of charge, distance, and soil type.

In silty clay, difficult to produce horizontal vibration, but

large vertical motion occurred; damage always associated

with large settlement. In till, both horizontal and vertical

components were produced; damage associated with ground
wave rather than effects such as settlement. Results com-
pared with damage criteria now in use. Suggest peak
acceleration gives best correlation with damage.

Hydraulic Problems in Conneetion with the Development of

the St. Lawrence River

H. W. Lea
Maximum St. Lawrence River flow is only double the

minimum, due to Great Lakes storage. Any regime changes

must avoid up- and down-stream damage. On approval of

the navigation-power development in the International

Rapids section, in 1952, the International Joint Commission
established three boards; to report on regulation of Lake
Ontário within 4-ft. levei range; to approve plans and con-

struction by Power Entities; to ensure, after completion of

work, that Commission Ordcrs about leveis and flows are

complied with. Detailed criteria are in the paper. Operations

are covered from Montreal to Lake Erie, with information

about the work and financing of the various Canadian and
U.S. authorities concerned.

Backwater Computations for the St. Lawrence Power Project

H. M. McFarlane and C. C. Gotlieb

First part outlines tlie need for backwater computations

between the power dam and Lake Ontário as basis of

hydraulic design for the power project; describes available

data and selection of parameters to cover ali expected flow

conditions. High-speed electronic computer used to investi-

gate large number of cases. Preparation of computer data,

interpolation of computations, and final arrangement of inter-

polated backwater slopes are explained. Second part sets up
basic iteration for computing water-level difference between
two ends of river channel; presents new method of using

iteration to calculate water leveis in a net of islands. Main
features of computer program, method of computer runs,

examples of input data, and computer results are described.

River Control in the International Rapids Section

K. A. Henry
Unusual circumstances arose in tlie International Rapids
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Section duriiiíí St. Lavvrcnce Power Project constmction,

wlioro niany agencies and their contractors were engaged in

works aftectinjí river conditions. Paper outlines need for

ONcrall control ot opc-rations affecting river conditions, and
ailniinistrative arrangcments niade to achieve this. Actual

fidd control s>steni, and nccd for continued use of models
as constmction and design tool, dciuonstrated by description

of handling souie of problems involved.

Desigii and Erection Features of the Vertical Lift Bridges

for the St. Lawrence Seawav
W. C. H. Hoit

Dctaiied record of design and erection features of vertical

lift bridges for the Seaway. Canal, railway, and design en-

gincers collaborated for best design after study of existing

bridges in Canada and U.S.A., and of proposed sites. Com-
plete description of superstructure, in three sections. Struc-

tural: arrangement of tracks and roads, design, characteristics

of towers and spans, counterweight construction, means of

access. Mechanical: design; counterweight ropes, sheaves,

balance chains; machinery and operating ropes; operating

torques and specds; houses; auxiliary engines; accessories.

Electrical: design; motors and control equipment; wiring;

lighting; bridge oj^eration. Other data: erection procedures;

material quantities; canal, rail, road traffic.

St. Lawrence Power Project— Rehabilitation

J. H. Jackson

Problem: extent of headpond flooding from construction of

Barnhart powerhouse and Long Sault Dam; human factors;

commnnities established over 100 years. Analysis: stiidics for

new locations of communities, roads, railways, etc; Pro-
fessional assistance retaiued by Ontário Hydro; part of Town
Councils and Planning Boards. Solution: actual construction

program—field organization, roads and services, house moving,
other buildings, shopping facilities, rental housing, shorelinc

improvements, railway and highway relocation. General re-

view of program and its impact on area and communities
involved.

Roughness Coefficients for Water Supph Tunnels

J. B. Bryce

Two concrete-lined tunnels {5'í miles long, 45 ft. finished

dia.) convey water for Sir Adam Beck Niagara Generating
Station No. 2 from intakes on Niagara River to canal leading

to powerhouse forebay. Twelve piezometer openings in each
tunncl to determine tunnel performance, roughness coeffi-

cients, head losses. Paper describes tunnels, provisions for

field testing, test procedures, and results. Also comparison
with design values.

A Method of Determining the Power Potential of Rivers

with Many Reservoirs and Power Plants

G. S. Cavadias

Determination of the power potential of modem hydro-
systems is a complex problem, and methods availablc for its

solution are not entirely satisfactory. Paper prcsents method
based on earlier work. (D. Johnstone, J. VV. Hackney) and
considers total power production of the system as basis for

coniputations. Productions and installations of individual

plants are considered as well as total system power potential.

Paper gives theoretical basis for computations, and an example
of the method applied to typical hydro-system.

Tests of Hydraulic Turbines — An Appraísal

J. J. TraiU

Describes 100-year improvement in turbine efficiencies and
part played by systematic testing. \'alue of tests to purchaser
and in subsequent operation of power project. Describes and
compares four methods of measuring flow of water through
turbine, inchiding thermodynamic method, now used in

improved form in parts of Europe. Discussion of tests of

turbine models and relation of test results to results e.xpected

in tlie prototype.

Photography and Electronics as Tools in Hydraulic Work
L W. McCaig
General: lag in application to hydraulic measurements of

recent developments in photographic and electronic tech-

niques. Examples: photographic techniques—electronic flash.

Bersimis-Lac Casse intake; photographic recording—shape of

Lake Ste Anne transition; high speed cinephotography—
Warsak cofferdam. Electronic techniques: stress in pressure

measurements—Upper Campbell Lake development, Bersimis-

Lac Casse turbines; stability measurement—Bersimis No. 2
surge tank.

Electrohydraulic Govemors at Beechwood Generating Station

P. G. Fazzari and G. H. D. Ganong
Development of large po\\'er networks puts severe require-

ments on regulating equipment. New Brunswick Electric

Power Commission chose new ASEA electrohjdrauUc tvpe

governor for Beechwood station. Conditions will vary with

wide seasonal river-flow^ range. Station would carrj- base load

in spring and fali; act as regulating plant in summer and
winter. Go\ernor should meet present requirements and
future centralized load-frequency control. Paper describes

Beechwood govemors: operation. electrical and mechanical

construction, operating and protective features; reports tests

to determine best fixed characteristics for regulation and
overspeed control. Frequenc\- charts show possibilities of

equipment under various operating conditions.

Design and Construction of Whitedog Falis and Caribou Falis

N. St. C. Haines

Hydro-electric generating stations at Whitedog Falis (Winni-

peg R.) and Caribou Falis (English R.) were designed and

built by Ontário Hydro staff, are remote-controlled. De-
scribed: site selection, t\ubine capacity, electrical equipment.

auxiliaiy equipment, unwatering procedure; also constmction

of two powerhouses, two concrete dams, eight small earth

structures, 34 miles of main supply road; clearing some
20,000 acres of land.

The First Cyclone Fired Boilers in Canada and Some Aspects

of their Early Operation

E. K. Akin

Cyclone fired boilers installed at Water Street plant of

Nova Scotia Light and Power Co. Limited. Planning, selection.

installation of units. Reference to other ser\ ices and equip-

ment (fuel handling, ash removal); special high levei oil

burners to boost steam temperature for hot starting. Boilers

can burn bunker C oil as well as coal; quick change-o\er.

Earl>- problems and tlieir solution. Performance tests to

made after mid-1959.

Some Considerations in Steam Power Plant Design

A. G. Christie

Growth of integrated electrical systems reauires new look

at design of steam power plants. Rising fuel costs and load

justify large steam units with higliest possible steam tem-

perature and pressure. Re-stud\' necded of hydro sites with

water storage to determine a\ ailabilit>- for peak load ser\ ii-<'

with greater capability than for base load. High efficienc>

of steam plants to offset obsolescence and fuel costs mav
lead to such combinations as gas-turbine/steam-turbine joint

operation at supercritical pressmes. Pinnped storage has

limited future. Use of low grade fuels must be encoiuaged.

Problem of sulphur and ash in fucls; economic uses beins

de\eloped for powdercd coal ash. FuUy automatic plants

reducc labour but need compctent operators. Design of new
plants must considcr changing practice in plant details: steam

gcnerator construction, water treatment, superheat control.

air heater operation. \acuuni pumps. cooling towers, etc.

Special Features of the Brandon Generating Station

A. C. Blue, E. M. Scott, W. P. London. P. A. Pasqnet

The Manitoba Hydro-Elcctric Board themial generating

station located at Brandon on economic considerations.

notably cost of lignite fuel from southern Saskatchewan mines.

Four units total 132,000 k\\ .; siniplor feedwater heating c\ cle

than usual as low load factor evpected. Ali plant wator
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softened before use. Circulating water system unusual for

Canada; includes large cooling tower operating in adverse

weather. Experience in burning lignite in tangentially-fired

furnace. Panei arrangement in central control room as used

in U.S.A.; not previously in Canada. Both hot water and
steam used for plant heating and pre-heating combustion air.

Eléctrica! systems are described.

Econotnics of By-Product Power Generation

W. P. London and W. M. Newby
Steam turbines of back-pressure cr extraction type are among
methods of recovering heat remaining after primary con-
version of heat into electrical energy. This heat may be used
to obtain 'by-product' power, and so improve overall economy
of power production. Equipnient is considered in detail;

factors affecting economy; conditions favouring such installa-

tions. Application of back-pressure and extraction turbines to

different industries; effects of the differences in processes.

Contrast: in pulp and paper industry, power demand exceeds
amount available as by-product of steam demand; in petro-
chemical industry, reverse is often true. Cycles involving gas
turbines; when these may be economically feasible; examples
of application.

Craphite in the World Nuclear Power Program
Iate Sir Claude D. Gibb, k.b.e., f.r.s, Presented by H. B.
Topham.
Reasons for use in Britain of graphite-moderated reactors
for Calder Hall, current and propo?ed nuclear generating
stations. Details of new reactor-cjuality graphite factory at
Newburn Haugh, Northuniberland; plant installed; construc-
tion problems. Raw materiais, their control, processes to make
the special forni of synthetic graphite required. Plant cari

produce 10,000 tons/yr. nuclear graphite, 5,000 tons/yr.
commercial material, e.g., steel-furnace electrodts. Total
capacity can be expanded to 40,000 tons/yr. First load of
reactor graphite accepted 16 months after start of plant
construcfion. Capital cost some $16,000,000.

H.Q. Computation Centre for the H.E.P.C. of Ontário
(A serits of four papers on various aspects of Ontário Hydro's
program to centralize and integrate its data processing by
a large scale digital computer and a teletype communication
network. Data to be captured on punched paper tape, trans-
mitted by teletype to data processing centre, where output
reports printed on high-speed eqnipment and mailed to
various offices.)

(1) The design of the data communication system (W. H.
Sanders). Equipment provided by several firms. Only numeric
input was bought; rest is leased. Operating and control
proc^dures; correction of errors.

(2) The network between regional offices and head offíce,
and the tape sorting operation. (S. J. Crossman). Outline ot
the system from regional offices to head office, and automatic
message sorting at the latter. Details of network and equip-
ment; procedure followed.

(3) The Circuit logic of the tape message sorter (J. Rywak).
Electronic circuitry used to achieve desired operation of tape
message sorter, of which ftmctions described in paper (2).

Circuitry is assemblage of basic logic elements including shift

register composed of bistable transistor switching circuits,
diode gate circuits, and binary to decimal conversion matriccs.
Detailed design of basic elements not di.scussed.

(4) Communications between area offices and regional offices
(H. R. Davis). Communications between 99 area offices and
9 regional offices of Ontário Hydro provided by Canadian
National Telegraphs. Each regional office lias C.N.T. Auto-
scan unit which automatically seciuentially selects associated
area offices; can be operated nianually. Regional offices have
modified page printers, with tape reperforators and trans-
mitters. Area offices have transmitter distributor and trans-
mitter control unit. Methods of interconnection of offices.

including telegraph signals.

Edmonton Installs Canada s First Oil-Filled Pipe Cable
System
C. Z. Monaghan and W. J. Pardy

Plans to increase Edmonton power system capacity to meet
load growth. New underground 72-kv. distribution system,

radiating from new city power plant. Two circuits now in

use. Described: requirements; oil-filled pipe cable transmission

system; service conditions; design of components; cathodic

protection. Installation: material handling; training per-

sonnel; excavation, laying, welding; testing; cable puUing,

splicing, terminating, vacuuni treatment, oil filling. Special

problems. Operating experience.

138-kv. Undersea Cable Across Geórgia Strait

T. Ingledow

Power link between lowcr B.C. niainland and Vancouver

Island includes five 138-kv. submarine power cables laid

in 1956 between mainland and Galiano Island, another under-

water crossing to Saltspring Islands, an aerial link to Van-
couver Island. Submarine cable, largest yet laid, is gas-filled

galvanized wire armoured type, made in continuous lengths,

longest 14.7 miles. Selection of routes; difficult crossing

conditions; method of loading and operation of laying ship.

Practical results.

Magnetic Amplifier Control for Reversing Hot Mill Auxiliaries

R. L. Duke and L. R. Hulls

Electrical machinery and controls can now reverse hot roUing

mills in Icss than two seconds. Time taken by auxiliary

cíiuipment to return metal to tlie mill after a pass is non-

prodiictive; selection of equipment iniportant to reduction

of time lag. Drive motors and control selected after analysis

of mechanical requirements and limitations of auxiliary equip-

ment, which generally involves control of large nuniber of

d.c. machines. Drive must be easy to niaintain, reliable,

and siniple. Magnetic amplifier used to excite generator

of Ward Leonard drive suitable for control of auxiliaries:

mill tables, side guides, screws. Response of these closed-

loop systems niust be adequate for purpo.se. Current limit

protection required; detailed analysis required for proper

design.

The Interconnected Power Systems of Nova Scotía and
New Brunswick

G. D. Mader, T. F. Clahane

Major power utilities of Nova Scotia and New Brunswick

will be interconnected in March 1960. Project discussed from

inception to conipletion, and beyond. Individual utilities were
limít.d to 50 Mw. generating units; 100 Mw. units can be
aceonuuodated on collective system; increased efficiency,

lower \mit capital costs. Individual utilities: service áreas,

rates of load growth, thermal/hydro ratio in service. Single

sideband power line carrier system used for Communications,

telemetering, and relaying; operation of interconnection, how
ch:irges are applied, various types of interchange energy.

Future developnients.

Industrial Uses for an Auxiliarv Low Frequency Supply

G. L. Tiley and E. Oldfield

Problems associated with control of a.c. motors, particularly

variable-speed variable-load reversing drives. How a low
frequency supply can solve some of tlicse problems. Speed
control: two types of mine hoist drives incorporating low
frequency features. Other applications of low frequency: inch-

ing of large motors driving bali mills; similar machinery
periodically operated at slow speeds; imusual application for

hard anodizing requires single-phase low frequency supply.

Comnion methods of producing low frequency supply;

limitations.

The Development of an Electronic Detector of Flaws
in Paper
M. P. MacMartin and N. L. Kusters

High quality paper must be flawless, dirt-free. Checked by
visual insnection of single sheets. After investisation of
characteristics, electronic flaw detector biiilt; should be able
to check paper at several hundred ft./min. witliout damage.
Description of detector. Reflected light variations measured
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b_\ photoimiltipliiTs; optical scanning systeni; variations

opiTatc sortiiig inechanism. Present iiiodel checks paper iip

ta o(X) ft./inin.; speed coukl hv raised.

Sliock Hazards of 60-Cycle Electric CurrentS

A. R. Morsc
Hcview of oxporiiiH-tital work on shock hazard of eléctrica!

ciirronts and thcir pliysiological effects on lieart, muscles,

lungs. brain. Dopcndi'nc(' of effects on intensity, duration,

wave sliapo, frequoncy of current. Particular emphasis on
60-cycle frequcncy. Significance of electrical resistance of

luinian hody in conjiinction with direct and indirect effects

of applicd voltage.

Processing of Low-Grade Iron Ore Using Petroleum
and Natural Cas
P. E. Cavanagh
Iron ore proccssing, iron and steel production, liistorically

based on coal fuel. New techniques allow use of oil or gas

as heat source and reducing agent to convert oxides into

nietallic iron. Use of oil and natural gas in concentration

of low-grade non-magnetic ores; also for production of

metallic iron at mine site. Advantages of using techniques
in Canada, particularly in West and at Lakehead.

Voluntary Standards — Vital to Progress

J. A. Reid
Economic progress of Canada largely dependent on use of

\oluntary standards; examples. Many standards evolved, only
recently have organizations guided formation of standards.

Several such organizations in Canada; industry and govern-
nient; Canadían Electrical Manufacturers' Association. Future
progress depends on ability of industry voluntarily to modify
existing standards to take advantage of new products and
processes; to create standards for existing and new products.

Responsibility of producer and user industry management.

Engineering for Export
R. A. Frigon

Engineering exports in forni of consulting engineering services,

equipment, and construction contrasting play increased role

in Canada's foreign trade. Engineering opportunities abroad,
and benefits to Canadian firms; challenging problems; pros-

pects under programs of international organizations and

foreign governments for accelerated development; opportuni-

ties abroad for design studies, resources surveying, construc-

tion, equipment supply, management services; solutions to

export problems; assistance available from Department of

Trade and Commerce and Trade Commissioner Service

abroad; financing; dealing with large scale projects, joint

ventures. Approaches taken by competing countries. Actual

cases of recent engineering exports from Canada show
what can be done.

Geological Features and Foundation Treatment at the Beech-

wood Development
In the introduction, a brief outline of the general geology of

New Brunswick and Maine with particular reference to the

St. John River water shed is gi\en. The surface geolog>'

including the effect of the last period of glaciation at the

Beechwood site is developed. The investigational drilling and
testing program, the reason for choosing the actual site and

assessment of rock conditions based on this work is considered

in some detail.

During the construction period the geological problems

encountered are explained and the mediods of overcoming

these problems are given. Detailed data on the drilling and
grouting program carried out in each section of the de% eloi>-

ment is presented. This includes available infomiation on

the effectiveness of this program. Cost data for constrviction

period, drilling, testing and grouting, etc. is stated.

A Gas Turbine Power Plant for Locomotives

Some of the gas turbine locouioti\ e dex elopments are review-

ed in relation to operating experiences in various parts of the

world.

In the light of tlus experience and of some of die character-

istics of operation in Canada, certain lines of development
seem in one or more respects to be attractive. In particular,

it appears to be important to determine tlie practicabilit\- of

relatively high power niechanical transmission and it is

essential for most purposes to e\oKe a prime mover widi

better part-load economy tíian is normally attained by the

simple low pressure gas turbine.

Both of these questions are examined and some e.xperimental

data are presented for comparison with design assumptions,

and proposals are then made.

IN NEXT MONTH'S ISSUE

OF
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INSTRUMENTATION
IN INDUSTRY

METAL FABRICATING
METAL FABRICATING plants in

Canada comprise some twenty

diversified industries manufactiiring

products from iron and steei, and non-

ferrous metais. End products include

transportation equipment such as

motor vehicles, railway rolling stock,

ships and bicycles. They also include

structural steel, sheet metal products,

wire goods, boilers and plate, castings

pipe, hardware and tools, machinery,

heating and cooking apparatus, alum-

inum, brass and white metal products

and electrical equipment.

Together, the 3400 plants operated

by these industries employ 360,000
persons, who add a value of $1,530
million annually by manufacture and
have a combined output with gross

value of over $5 billion. The ten year

post-war period from 1946 to 1956
was one of steadily rising production,

during which time hourly wages in

manufacturing industries a 1 m o s t

doubled, as did the prices of most of

the materiais used in manufacture.

By comparing the values added by
manufacture per employee in 1946 for

each industry group, with the value

added per employee in 1955, and ex-

pressing the latter in constant 1946
dollars, it is observed that output per

employee sharply increased for some
industries during the ten year period

while others showed little change and
a few industry groups showed modest
decreases in output per employee.

Best gains were recorded by motor
vehicles, smelting and refining, copper
and brass and white metal products,

miscellaneous steel industries, sheet

metal products and farm implements,
in that order. Other industries which
showed reduced values of output per

employee included non-ferrous metal

products, aluminum products, wire

goods, shipbuilding, boilers and plate.

and machine shops.

This paper appears to reflect im-

proved methods in processing, handl-

ing and distribution brought about by
mechanization in tho.se industries

showing gains in production per em-

ployee. But how much of it has been

due to automation and instrument-

ation can only be conjectured.

Automation Survey in United States"

Highlights from a recent survey,

and forecast of automation in the

United States, published in "Automa-
tion", has strong implications for auto-

mation and instrumentation in Can-
adian industries as well. "One of the

most compelling forces pushing in-

dustry toward increased use of more
instrumentation and automation", it

points out, "is the Hfe-or-death need
for the United States to stay out in

front of the international race for

scientific supremacy". This applies

equally to Canadian industry.

Of 2,300 plants in 20 U.S. industry

groups the percentage reporting they

now use automation and advanced in-

strumentation varied from a maximum
of 33 per cent in the petroleum in-

dustry and 28.4 per cent in electrical

machinery, down to minimums of 6

per cent in lumber and wood, textiles

and food products. Per cent using

automation and instrumentation in

metal fabricating was 10.3 per cent.

What they will buy in 1959
Out of 2,700 plants reporting, per-

centages planning to buy various types

of automatic equipment, incorporating

advanced instrumentation were as fol-

lows: drive and speed regulation, 41

per cent; interlocked control of opera-

tions, 33 per cent; automatic measur-
ing and gauging, 25 per cent; auto-

matic weighing; 16 per cent; process

sensing and control, 24 per cent; tape

and punch card control, 15 per cent;

Computer control 4.4 per cent; auto-

matic data processing 12.2 per cent;

and remote control, 6 per cent.

Other information of interest from
the survey: 83 per cent of the devel-

opment of machine and process con-

trol systems is done by the industries

themselves with their own engineering

•Reproduced in part from an a»-ti'-ie in
the Feb. '59 issue of "Automation" by
special permissíon of the Fenton Publish-
ing Co.

staff, 24 per cent use the services of

instrument manufacturers and 21 per

cent employ engineering consultants.

Replies to Questionnaire

Replies from Canadian metalpro-

ces.sing firms to a questionnaire recent-

ly sent out by the Journal, show that

with few exceptions these firms pur-

chase their electric power from Utili-

ties. Exceptions are very large pro-

ducers or those who are also primary

producers. In almost ali cases con-

sumption of power was reported

checked, though in a few isolated

cases the checking was done at the

suppliers meters.

Half the plants replying had sep-

arate steam plants for heating and

power. One establishment with sev-

eral plants developed its own hydraul-

ic power and produced its own steam

requirements separately. Another

large producer purchasing power had
its own steam heating plant in a sep-

arate building for convenience. Gener-

ally the larger industries using large

amounts of energy are those having

separate steam plants.

Main Purposes of Instruments

Plants were asked what were the

main purposes of their instrument in-

stallations. Ali of those replying

answered it was to achieve better

quality; almost as many stated it was
to provide a continuous record. About
half those answering also included as

reasons economy in fuel consumption
and regulation of pressure or flow.

Few replies gave central supervision

or reduction of labour forces as pur-

poses.

As to what instruments were used
for, replies indicated, in order of fre-

quency, the following main purposes:

to count or measure; to control auto-

matic processes; to measure thickness

of materiais; to inspect material for

flaws; to provide supervisory warning;

to provide records for analysis; to

measure other physical properties; to

detennine rate of flow; to measure
composition of materiais. In the larger

estabhshments with diversified prod-

ucts and a high value for fixed assets,

ali or most of the above purposes
were mentioned.

Some of the larger plants used spe-

cial instruments in their metal-testing

and X-ray laboratories. Other plants

used them for automatic cycle con-

trol of machine tools and for diversi-

fied electronic tests of parameters,

barometers, etc. or for carrying out

altitude tests at hot and cold tempera-
tures. In another plant instrumenta-

tion was principally used in connec-
tion with steel heat-treating and pump
tests.
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A largo indiistiN \\ ith scveral plants,

prt)chicin!í ifs imii primaiy materiais,

usos instnimentation for nieasurement

of its own materiais; for measurement
of large d.c. euneiits and voltages

iised in electroh tic produetioii; and in

measurement and eontrol of melting

and casting temperatures; heat-treat-

ing; [ilant safet\ and cost-accounting.

Who speciíics, recoinmends and
purchases instruments?

AH replies to the question "Who
determines instrument requirenients?"

indicated this responsibility rested

witli the company's own emi^loyees.

Se\eral plants indicated suppliers

or manufacturers of instiiiments were
also consulted, while independent con-

sultants or staífs of afRliated com-
panies were rarely asked for advice.

Where packaged equipment is pur-

chased with its own instrumentation,

the compau) engineers have little

choice.

Specifications for instruments where
needed are customarily drawn up by
the companies' engineering staffs,

though occasionally the plant or main-
tenance department or production de-
partment prepare them. The plant
electrical engineer is often the one
directly concerned. Sometimes the re-

quirements are merely outlined and
the instrument manufacturers make
the detailed recommendations.
The choice of the supplier is made

b\' the central purchasing department
in most instances, though it is occa-
sionally left to the engineering or
plant maintenance department. Some-
times the engineering production and
maintenance departments make a joint

decision.

Servicing and Maintenance

Servicing of instruments is gener-
ally done by company staffs, some-
times assisted by suppliers' representa-
tives trained in the instrument sup-
pliers' plants. In smaller plants there
are frequently service contracts with
independents and occasionally service
is purchased as required. One of the
largest metal processing concerns with
several plants across Canada does its

own servicing in its largest plant with
some 60 engineers and mechanics,
while in its smallest plant servicing is

done by one full-time mechanic.

There was no evidence from the
rephes that preventive maintenance
programs are the general practice, and
it appeared to be the exception rather
than the rule. One of Canada's largest

electrical manufacturing concems with
several plants reported such a pro-
gram in its larger plants but not in

the smaller ones. Two of the largest

auto and truck manufacturers also re-

ported having a preventive mainten-

ance program.

It appears the general practice to

carry a stock of spare parts or repair

parts, and for the larger establishments

with several plants complete replace-

ment units are kept in stock. Choice

of these spares and replacenients is

sometimes based on the instrument

supplier's experience, but more often

the stock of repairs is built up through

the company's own experience.

Instruments incorporating optional

plug-in features do not appear to be

particularly suitable for most plants

replying. One large manufacturer of

electrical appliances with many plants

finds them useful but did not indicate

whether they were used in smaller

plants or in the larger plants where
it might be expected they would be

most adaptable. One large auto manu-
factiuer finds them suitable.

Instrument requirements generalU'

follow standard commercial lines.

Instruments are purchased out-

right as a general rule. Only two com-
panies replying to the questionnaire

indicated instrmnents were occasion-

ally rented when required: a large

appliance manufacturer reported 9.5

per cent of his instrimients were pur-

chased and the remaining 5 per cent

rented. A boiler and turbine manu-
facturer rents 20 per cent of his in-

struments.

Investment in Instruments

Plants were asked to state (a) their

total investments in instnunentation,

(b) their investments in instrumenta-

tion over the past five years, (c) their

annual maintenance cost for instru-

ments, and the value of their fixed

assets. Several brandi plants owned
by U.S. companies withheld data on

fíxed assets, and this information could

not be readily determined from local

records.

Investment in instruments varied

from a maximum of $100 500 thou-

sand by a manufacturer of motor ve-

hicles and $350,000 in the case of an

electronic device manufacturer, to a

minimum of $5,000 for a wire and
wire products, perforated metal and
screen manufactiner. Apart from new
industries established since 1953,

other plants reporting had made be-

tween a tenth and a half of their in-

vestment in instruments within the

last five years.

Annual maintenance cost on instni-

ments varied between $20,000 for a

smelter and refiner>', to $150 for a

crane manufacturer with fixed assets

of $3 million. One of Canada 's largest

makers of steel products ranging from

structural steel to boilers and plate

work spends $400 yearly to maintain

instruments used for boilers and heat-

control only, valued at some $25,000.

Annual maintenance costs vary be-

tween one per cent and 10 per cent

of the cost of the instruments, with

the majority falling between 3 and 6

per cent.

Instrument cost related to fixed assets

Investment in instruments expressed

as a per centage of total investment

in fixed assets varied widely. For the

large structural and plate work manu-
facturer who only used instruments

for boilers and heat treatment; in-

vestment in instruments represented

one hundredth of one per cent. A
plant making constmction equipment,

with fixed assets of $4 million had
spent 6 10 of one per cent of its

fixed assets on instruments. An auto

and truck manufacturer s in\estment

in instruments was less than a third

of one percent of fixed assets. Apart

from these plants the investment in

instruments appeared to vary between
one-fifth and one-half of one per cent

of total value of fixed assets.

Recovery time for Instrument
Investments

Estimates of time required to re-

cover the original cost of instruments

varied \\idel\', from less than one year

for a compan\- producing electronic

devices to between 6 and 8 years

for manufacturers of heavy constnic-

tion equipment and makers of elec-

trical and mechanical appliances.

The plant for producing electronic

de\ ices regulates air and temperature

by standard non-centralized electro-

magnetic devices, and measures prod-

uct parts with precision instnnuents.

It also carries out diversified and
complex electronic tests of instruments

without which production would be

impossible.

A companx with se\ eral plants mak-
ing heav\ engineering products such

as boilers, plate and tanks, cranes,

and doing structural fabrication, esti-

mated a five >ear write-off. This

compain , howe\'er, onl\ uses instru-

mentation on boilers and heating

equipment.

Plants estimating a \\ rite-ofí period

of 3 to 5 \ears use instruments for

controlling automatic proce.sses and
for providing supenison- waniings.

These are plants producing constnic-

tiou equipment. power-transmis.sion,

material handling equipment and
bearings, etc. Another group whidi

estimate a 6 to 8 \ears period for

write-oíF have instnunentation for

(Continucd on pogc 100)
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INTERNATIONAL NEWS

FRANGE
FRENCH GOALS confidently ex-

pected to be achieved in 1959 are

as foliows:

STEEL—A record-breaking 15 mil-

lion metric tons are to be produced.

GAS—The ten billion cubic feet

natural gas reservoir at Lacq in the

Pyrenees will be sending gas to Paris

and Lyons for general use by Novem-
ber.

ELECTRICITY—Five new hydro-

electric stations, including the big one
at Vogelgrun on the Grand Canal of

Alsace, will be put into service, and
great progress will be made on the

huge Roselend and Serre-Ponçon

dams in the French Alps.

New production units will be added
to almost ali of the larger thermal

power plants.

New centers will be built for the

transformation of Lacq gas into elec-

tricity.

The fifteen locks of the Garonne
river's lateral canal are to be equip-

ped with an extraordinary installation

for the production of electricity. Con-
sisting of a series of small generators

utilizing falis with no more than ten-

foot water drops, they will fumish
20 million kw-h. a year. It is planned
similarly to harness the Rance Estuary
in Brittany.

The first large French nuclear cen-

ter, "EDF 1", built primarily for the

making of electricity, will be com-
pleted at Avoine, near Chinon in the
Loire valley. It is to supply an annual
400 million kw-h. A sister center,

"EDF-2," has now gone into con-

struction nearby, and another nuclear
electricity center, built within the
framework of Euratom, will probably
be constructed in the Ardennes region.

(By 1971, atomic energy will account
for 30 per cent of the country's total

output of electric power.)

PETROLEUM—Oil production in

Parentis (near Bordeaux), Gabon and
the French Sahara is being increased,

thereby reducing import needs from
non-French sources.

The 375-mile pipeline joining the

Hassi-Messaoud field in the Sahara to

the Mediterranean port of Bougie in

Algéria will be ready for use in Oc-
tober.

RAILROADS—The basic effort of

S.N.C.F. (French National Railroads)

will be to continue electrification of

its lines. The equipment program
for the electrification of the Paris-

northeast triangle, serving the three

principal economic regions of France,

will be completed this year.

The French railroad network is ex-

pected to have a total of 4,375 miles

of electrified lines by the end of the

year, which will carry more than half

its total traffic.

SHIPYARDS — French shipyards

today are building the biggest tankers

in Europe, and are designing and con-

structing ships (totaling some 500,000
deadweight tons in 1959) for French
and foreign customers.

AIR TRANSPORT — In May, the

"Caravelle" jet-liners will be put into

commercial service.

PUBLIC WORKS — The large

suspension bridge crossing the Seine

at Tancarville near Le Havre, will be
completed in July.

AGRICULTURE — The "phyto-

tron," one of the most complete lab-

oratories for agricultural research in

the world, will be finished and ready

for service at Gifsur-Yvette near

Paris.

SPACE SCIENCE—At Nançay in

the Cher Department, where a mile-

long radiotelescope is already in ser-

vice, construction of a second one is

scheduled. These apparatuses permit

"listening" to waves coming from
outer space with an acuity never be-

fore obtained, it is said.

For the first time, French multi-

stage rockets will be launched.

THE ATOM — Three new atomic
piles will be added to the eight al-

ready in use, and construction will

begin on three more. One of these

will be a fast neutron pile cooled by
liquid sodium, designed for the study

of breeder reactors.

Most ambitious project will be the

setting up of the Pierrelatte plant, in

the Drôme region, where Uranium
235 will be separated from natural

uranium. Its principal structure will

cover 25 acres of the 1,500-acre site.

A plant for the extraction of Cesium
137 from atomic waste will be set

up. (This product is of importance in

industry and medicine, where it use-

fully replaces radioactive cobalt.) This

is the first time recuperation of by-

products from the combustion of uran-

ium will have been accomplished in

France on an industrial scale.

The center for the utilization of

thermonuclear energy at Fontenay-

aux-Roses will be greatly enlarged.

Here, a new machine, called "Equa-

tor III," will be built.

France is constructing its first atom-
ic submarine, and is perfecting its

own A-bomb.

From France Actuelle March 15, 1959

SWEDEN
THE SWEDISH STATE POWER
BOARD has during recent months
celebrated its fiftieth anniversary.

Later, five large power plants will be

put into operation, two of which will

be the biggest of their type ever com-
pleted in Sweden and even holding

some world records, as to design and

output.

Stenungsund, on the Swedish West
Coast, will have a rock-encased steam-

power station. Its initial capacity is

300 MW, but blasting out of two
more rock halls is going on. With
two more boilers and steam turbines,

for which these rock enclosures are

planned, the plant will produce 700
MW. The commissioning of the first

stage of the installation is to take

place on October 1.

Swedens largest hydro-electric

plant, Stornorrfors, which will have a

capacity of 375 MW — 25 MW more
than the Harspranget station above
the Arctic circle — will be ofíicially

inaugurated on Septemb^- 1 this year.

The two first turbines have been run-

ning for some time, and a third is

under installation. Two more water-

power plants, Jãrkvissle and Lang-
bjòrn, having a capacty of 87 MW
and 80 MW respectively, will start

operating in the summer and autumn.

The fifth power station is the gas-

turbine plant at Vâstervik, on the

Swedish east coast. This plant will

have a nominal rating of 40 MW and
is to be taken into use commercially

on October 1. It is of a new t\^e for

Sweden. The machinerv was delivered

by STAL.

At Stenungsund, each of the two
machinery halls of the first stage, now
completed, has the dimensions: 409
X 80 X 109 ft. Some 23,000,000 cu.

ft. of rock have been blasted away,
and more than half as much is still to

be removed. The plant is to have
double rotation turbines, said to be
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\'isagec] in advanced nuclear reactors

of the Calder Hall type. For the

present programme of Britain's nuc-

lear power stations, special magne-
sium alloy materiais are used for

sheathing (or "canning") the nuclear

fuel. To increase the efficiency of this

type of reactor, canning materiais

must be used which retain their

strength at high operating tempera-

tures. Because of its unique combina-

INSTRUMENTATION

tion of attractive nuclear engineering

properties, beryllium has been chosen

by the Industrial Group, U.K.A.E.A.,

for the fuel canning in its Advanced
Gas-cooled Reactor.

Outside the nuclear engineering

industry, beryllium is likely to be of

interest where a combination of light

weight and high strength, or light

weight and an imusual degree of

rigidity is needed.

(Contimieã from page 98)

the w orld s largest, each consuming 34

tons of oil per hour. Its oil harbour

can aeconiiuodate 60,0()()-ton tankers.

Stt)rnorrforsen has three NOHAB
turbines and ASEA generators. Their

output is 125 MW each. They may be

supplemented by a fourth unit later

on. The tunnel area of 4,400 sq. ft.

also constitutes a new record.

The most interesting feature of the

\'aster\'ik plant, which is situated on

an island, is that it will be automatic-

ally remote-controlled from the main-

land. The tvvo smaller hydro-electric

plants feature interesting solutions of

tlie dam-building problems, which
have been tackled in entireh' difterent

\va\'s. The former is a rockfill dam
on a drainage bed, vvhile the latter

has been built according to the Con-
cretor-Prome to slide-casting system.

This method is also to be used for the

Messaure dam above the Arctic Circle,

w hich has a threshold height of 330
ft. and guards a reservoir containing

13 million cu. yards of water. One of

the great advantages of the new
Swedish dam-building system is that

it cuts building time by 80 per cent.

Finally, it should be reported that

during the jubilee year Swedish trunk-

line cable-network builders will con-

verge with their Finnish and Nor-
wegian colleagues on their respective

frontiers to connect up the three

Scandinavian power systems with
each other.

UNITED KINGDOM
FIRST BERYLLIUM PLANT. The
first plant in Europe for the pro-

duction of the metal beryllium in

wrought forms is to be established

at Birmingham, England, by the
Metals Division of Imperial Chemi-
cal Industries Ltd., of Millbank.
London, S.W.l. Designed to produce
semi-fabricated forms of the metal,

such as rod, tube and plate, and
finished machined parts, the plant is

expected to come into production bv
the end of 1959.

Its first task will be the execution
of a production scale contract placed
with I.C.I. by the United Kingdom
Atomic Energy Authority as part of

a development project. Spare capacity
may later find additional outlets for

this unusual metal, in which aircraft

and missile designers are showing
considerable interest.

Interest in beryllium as a nuclear
engineering material has been intensi-

fied by the need for a metal which
will perform satisfactorily in the
higher operating temperatures en-

automatic processes and supervisory

warnings also, but in addition have

instruments for thickness control and

measuring and counting.

Comments given in replies

A manufacturer of cranes, boilers,

plate and tank work states "consider-

able savings are effected with the aid

of a smoke-density recorder, possibly

as much as 5 per cent in fuel con-

sumption. Steam-air flow insti-uments

contribute towards perfect fíring con-

ditions, and aid staff in meeting wide-

Iv fluctuating steam demands. Poor

firing could lower efficiency by up to

10 per cent. Feedwater temperature,

held to a maxinium by visual observa-

tion of the instrument results in low-

ering boiler plate stresses set up hy

widely fluctuating temperatures of

water entering the boiler, helps main-

tain smoother steam generating condi-

tions and saves fuel".

"Oil pumping, heating and pressure

gauges provide the staff with means
to set UD proper combustion condi-

tions. Efficiency firing depends on

maintaining maximum oil temperature

and pressure. Savings from other quar-

ters could be quickly eliminated if

011 temperature and pressure get out

of hand. Proper instrumentation en-

ables the operating engineer to set up
a necessary log-sheet of operations,

and permits operating with less staff

d ie to close control of shift routine".

"In the boiler room proper instru-

ments kept in good order permit a

closer watch on the staff at night on
holidays and weekends—a great help

when operating with minimvmi staflF.

Boiler operation could be simplified

by direct boiler water anahsis at the

boiler. However there has been no

improvenient in boiler water test-

ing for many years. A direct read-

ing combination alkalinit\-densit\' and
hardness instrument is still to be de-

vised".

A maker of electronic instruments

and controls comments that "numeri-

cal machine-tool control pro\ ides re-

ductions in manufacturing costs of

from 80 to 90 per cent. Other instru-

mentation is either essential to busi-

ness or provides a minimum of 10

per cent reduction with the over-riding

principie that it must pay for itself

in one year".

"The importance of control and in-

stmmentation in the process industries

has not been sufficiently realized . . .

numerical control in the machine-tool

field w ill pro\ ide during the next few

>ears the most amazing and exciting

development in metal-worldng equip-

ment that has occurred during the

past decade . . . industiies with fore-

sight expecting to be in business five

years hence must look to electro-

mechanical tx pes of control in the

machine tool. process and nuclear re-

actor fields."

A manufacturer of compressors.

drills. mine hoists pumps and pulp

and paper equipment beheves the

trend toda\' is towards greater instru-

mentation in many new fields. There
is some danger. he thinks, that instru-

ment makers have a tendenc\" to work
in too man\' extremely fine details

in their instnmientation, sometimes

overlooking the basic requirements

and basic operating conditions.

.\ metal manufacturer turning out

ahmiinum products remarks that in-

strumentation in bis industry is man-
dator\- due to the close tolerances

which goxern product qualitx" —
properties of strength. hardness. duc-

tilit\-. conductivity, corrosion resist-

ance etc. It is also important in point

of view of plant safeh-, efficiencx i-e-

search. inspection and testing. He an-

ticipates this use will increase as new
products and operations develop and
as new instnmients become available.

Impro\ements in measiuing equip-

ment and techniques must keep pace

w ith needs for greater accurac\\ Such
improxements will be a continuing

trend in the future made possible by
the increased use of olcctronics.
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Canadian Developments

NEWS OF MAJOR ENGINEERING DEVELOPMENTS IN CANADA

International Nickel Manitoba Project

The new nickel mining project at

Thompson, Manitoba, is scheduled to

start smelter out-put in July 1960,

and to come into regular full-scale

production at an annual rate of 75
million pounds in 1961. With some
2,000 men engaged on the project

during 1958, sinking of the 2,100 ft.

mine production shaft and of the

development shaft vvas completed.

Related underground developments
were carried forward.

Construction of surface facilities at

the plant proceeded somewhat ahead
of Schedule. The production shaft

headframe was readied for installation

of the permanent hoists, the building

for the mill and for the connected
mine changehouse was completed,

and work progressed on the smelter.

The 500-ft. stack to disperse vvaste

gases and to supply draught to the

smelting equipment was finished. The
compressor building and most of the

In a list of industrial expansion

projects proposed by British Columbia
industries, and published by the Bri-

tish Columbia government, there are

the following intentions expressed:

Primary steel: The Consolidated Min-
ing and Smelting Company Limited
was investigating the possibility of

smelting pig-iron, using mine tailings

from the Kimberley mine, which con-

tain millions of tons of iron ore.

Flakeboard, fine papers: The Powell

River Pulp and Paper Company Lim-
ited plans two new industries. The
first would be a flakeboard mill with
a capacity of 100,000 sq. ft. daily,

and employing 40; the second, a fine

paper mill employing 70 people.

Among projects under way, repre-

senting industrial expansion in the

province, the following are listed:

Crown Zellerbach Canada Limited

service buildings were virtually com-
pleted. Yard grading, sewer, water

and power distribution installations,

and the construction of yard trackage,

proceeded according to plan.

At Kelsey, 53 miles northeast of

Thompson, construction of the power
plant by Manitoba Hydro-Electric

Board on the Grand Rapid of the Nel-

son River progressed satisfactorily.

The townsite situated astride the

Burntwood River, two miles from the

plant area, began to be transformed

into the town of Thompson, which
has been planned for an initial popu-

lation of 8,000. Installation of the

roads, sewer and water lines, and of

the power distributing system, was on

Schedule. Construction has started on

a water treatment plant and the town
sewage disposal plant, and is about to

start on the first of the four schools

in the townsite and on a hospital to

be operated by the Company.

has a new corrugated paper box fac-

tory completed in 1959. Celgar De-
velopment Company will have a new
pulp and lumber operation. The pulp

mill will have a capacity of 500 tons

daily, and will employ 325 in the

pulp mill and 100 in logging and
sawmilling. Completion is scheduled

for 1960.

Wrights-Canadian Ropes Limited will

complete in 1959 the expansion of a

plant to manufacture a new product:

prestressed wire rope. The plant's

capacity will be 200 tons.

Air Une: A new servicing base for

turbine aircraft, with a new hangar

and maintenance facihties, is to be

completed in 1960.

Glass containers: Dominion Glass

Company has underway a $4 million

warehouse section, with main plant

to follow.

CAXADIAM DEVELOPMENTS

of 1958 will be reported in

THE ANNUAL REVIEW, 1958

May issue of

THE ENGINEERING JOURNAL

Private and Public

Investment, 1959
The government has reported on

the Outlook for 1959 in private and

public investment in Canada and
summarized the results of a recent

survey of capital spending intentions.

For the fourth year in succession,

the minister of trade and commerce
anticipates, capital investment in

Canada will exceed $8 billion, a more
than three-fold increase in a period

of twelve years.

Intended outlays on construction

and machinery, including repairs, are

reported at 11.1 billion dollars. With-

in the total program, the principal

increases appear in commercial and
institutional building and government

projects. Commercial construction will

apparently go ahead more rapidly

than ever. There is little change indi-

cated iu the rate of capital spending

for a broad range of industry, includ-

ing agriculture, forest and mineral

extraction and processing, secondary

manufacturing and transportation and
communication. However, fuel and
power industries have indicated a

somewhat lower levei of capital

expenditure.

The minister of trade and com-
merce said that the rate of anticipated

expenditures for 1959 indicates a con-

tinued expansion in industry. As a

proportion of total national output,

anticipated outlays for new plant and
equipment compare fa\ourably with

le\ els in most post-\\ ar years.

Some B.C. Projects Proposed
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What Goes On

ThiMinal Plant at Saint John, N.B.

Construction was due to begin in

March 1959 on the nevv thermal elec-

tric geneiating plant in Saint John.

The plant is estimated to cost 17

niillion dollars—a poition of the esti-

mated $100 million program forecast

for the entire district. Schednled to

be in operation for 1961, the plant is

to be built in the Courtney Bay area

of St. John.

Recent discussions indicate many
other changes for that area.

Steep Rock Mines

On the "C" ore zone which the

Company has leased on a royalty

basis to Caland Ore Company Limi-

ted, Canadian subsidiary of Inland

Steel, Steep Rocks President reports

that the property is being prepared
for open pit mining in 1960. Produc-

tion from the Caland Mine is sched-

uled to build up from 750,000 tons

in 1960 to a required minimum of

3,000,000 tons annually.

International Channel Improvements

Under an agreement between the

United States and Canada, a cut-off

channel will be constructed in the St.

Clair River between Lake St. Clair

and Lake Huron to eliminate the

sharply curved channel known as the

Southeast Bend. The cut-off channel

will be six miles long, 700 feet wide,

and will have a minimum depth of

27 ft. It will provide for two-way
traffic in a straight line in place of

the sharply curved channel and it

will improve considerably ease of

navigation in the St. Clair river.

The United States will pay for the

construction work which will be done
under the supervision of the U.S.

Army Corps of Engineers. Canada's
share consists in providing ali the

land required for the cut-off channel

and in maintaining the channel after

construction is completed. It passes

almost entirely through Canadian ter-

ritory, but Canada's sovereign rights

over the area are protected by the

agreement.

Ontarios $885.7 million budget

In the fiscal year ending March
31, 1959, the government will have
carried out the largest works and
service program in its history. In the

provisions for the year 1959-60 there

are these items among many others:

Education: An expenditure on edu-
cation totalling $202.4 million; an
appropriation of $1.2 million is be-

ing made for the introduction of a

new and expanded system of aid to

students of ability who are desirous

of continuing their education beyond
the secondary school levei.

Highwatjs. The appropriation for

highways is $261.3 million. Among
the important projects are: start on
high-level bridge on Queen Elizabeth

way Crossing Welland canal at St.

Catharines; acceleration of work on
highway 401 to achieve its comple-
tion by 1963; work on the Rainy
Lake causeway and on the extension

of highway 120 west from Atikokan.

Mining. Total expenditure for assist-

ance for the mining industry would
be $6 million, including $1.5 million

for mining access roads, and special

payments totalling $3 million to min-
ing municipalities.

Forestry. Appropriation for forest

management, conservation and regen-

eration is $27.8 milhon, including

$1.5 million for logging and forest-

access roads.

Housing. Provincial cost of land as-

sembly on rental-housing projects is

provided by $6.5 million appropria-

tion.

Hydro. Capital construction outlays

in 1959 are estimated at $196 mil-

lion.

Alberta's Budget for 1959

The total expenditure of the gov-
ernment will be $309.6 million. Some
of the projects to be accomplished
are as follows:

Agricultiire: A sum of $705,000 has

been provided for irrigation, drain-

age and flood control projects.

Education: $10.8 million are required

to meet the basic needs of the Uni-
versity in Edmonton and in Calgary.

Construction of the physics and
chemistry building is to commence.

Public Works. Expenditines totalling

$43 million are planned by the De-
partment of Public Works.

Mines, minerais and oil. The sum of

$1.9 million has been appropriated

for the department to continue the

administration of the development of

natural resources.

Highways. Construction of highways,

bridges and ferries will require the

spending of $48.5 million. This in-

cludes $3 million for work on the

trans-Canada highway and $4 mil-

lion for roads to resources.

Developments in Saskatchewan

• A $1 million steel fabricating plant

is to be built in Regina by the Do-
minion Bridge Company Ltd. Do-

minion Bridge expects to have the

new plant in production before the

end of 1959. The plant's main oper-

ation will be the fabrication of struc-

tural steel for buildings and bridges,

but it will also warehouse a complete

stock of steel suppUes for Saskatche-

wan industries.

• A major expansion program being

completed in May 1959 doubles the

capacity of the Saskatoon Boiler

Company Limited.

• The province's post-war industrial

growth and its potential for futm-e

economic developments are being

scrutinized by a group of Canadian
and American research specialists.

These consultants have been engaged
by the Saskatchewan government to

make an objective appraisal of the

provincial economy and to suggest

long-range programs to ensure the

best development of the province's

economic potential.

One phase of the research will be

devoted to an analysis of resource

development and expansion possibil-

ities. The study will include indus-

tries based on forest resources, ura-

nium, potash, clays, oil, natural gas

and other minerais. Industries ap-

pearing to have favourable possibil-

ities will be defined, and suggestions

for promotional activities will be out-

lined.

• There will be a new industrx in

Moose Jaw which will invol\'e an in-

vestment of about $500,000. A cold

roll-form steel mill is to be estab-

lished.

Need for Nuclear Power

"From 1965 onwards we hope mv-

clear electric stations will begin to

supply some of our thennal require-

ments," Ontário H\dro chainiian

James S. Duncan said recently.

However, the production of nuclear

energy at a cost that will compete
with traditional methods of genera-

tion still awaits the solution of a

great many engineering and techni-

cal problems, he said.

Inflation

Ontário Hydio chainnan James S.

Duncan, in a recent speech re-

ferred to inflation as a national

problem which "dwarfs ali others in

its significance". The problem facing

Canada, he said, is not one of run-

away inflation, but one of gradual

and progressive erosion of the pnr-

chasing power of our cunency.

Canada's prosperity is largeK-

based on foreign sales of basic com-

modities, such as newsprint. iron ore,

copper, nickcl, wheat and uranium.

But natmal resovuccs are of value as

an export onl\- if they are competi-
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tive on world markets. If inflation

is to be halted, it will, in Mr. Dun-
can's opinion be accomplished by
the weight of public opinion. Sacri-

ficas and discipline, imposed upon
ourselves are necessary to safeguard

the economic system and the way of

life, he said.

Lift-Bridge at Burlington

The contract for construction of

the $3.7 million vertical lift-bridge

at Burlington, Ontário has been
awarded to Bridge and Tank Com-
pany of Canada.

The largest and longest of its type
in Canada, it is a combination rail-

way and highway structure spanning
the Burlington Beach ship channel.

The new bridge will be 370 ft. long
and 51 ft. wide. Massive towers
from which the bridge will be sus-

pended will be more than 200 ft.

high. In raised position the bridge
will give a clearance above water of

120 ft. for ship passage.

C.N.R. extends marshalling system

Another link in the chain of new
marshalling yards being built across

Canada for the Canadian National
Railways will be provided at Toron-
to, if federal legislation is obtained.

It will complement the three hump
yards under construction at Winni-
peg, Montreal and Moncton.

Algoma Bloom

and Plate Mill

The only combination bloom and
plate mill on the North American
continent was completed and test

rolling began in March 1959, by the
Algoma Steel Corporation Limited,
Sault Ste. Marie, Ont.

With this installation, Algoma has
become one of Canada's leading
heavy industries.

An electronic card program controls

mill operations. This system in the
mill can readily be expanded to in-

clude card control program for other
mill functíons such as speeds, rever-

sal of drive, speed of mill tables,

operation of manipulators, etc, or

the entire mill operation.

For rolling slabs, the mill is fed
with massive 30-ton steel ingots from
soaking pits. Covers of the new pits

can be removed by remote control.

The ingot is automatically selected

and lifted out, transferred to receiv-

ing table, automatically weighed
and turned around.

In the rolling operation it is rolled

into a bloom or slab. The blooms are

transferred to other mills for manu-
facture of structurals or other prod-

ucts, or they may be re-rolled in the

new mill into plate or tube rounds.

The huge mill is powered by two
4,000 hp. motors. It is used as a 2-

high assembly for rolling slabs and
a 4-high assembly for rolling plate.

Industrial television is being in-

stalled.

The dual purpose mill has capacity

to roll 500,000 tons of steel ingots a

year and also to re-roll the resultant

semis into 350,000 tons of plate

and/or tube rounds.

In addition to íncreasing the Com-
pany's steel rolling capacity, this mill

provides greater flexibility in opera-

tions. Its capability of producing

tube rounds releases existing facil-

ities for other production as required.

Projects yet to be completed by
Algoma are: a large blast furnace

turbo blower which, with the boiler

recently completed, will allow retire-

ment of ali blast furnace blowing

equipment more than 16 years old;

a new and more powerful diive for

the reversing roughing stand of the

rail and structural miU; and a new
continuous reheating furnace for the

same mill, replacing old furnaces.

Investigations are now being made
into the advisability of installing a

As a result of many comments from
members attending past annual meetings

and careful consíderation by the Com-
míttee on Technical Operations, some
changes will be made in the conduct

of technical sessions. An outline of pro-

cedure adopted for the coming Annual
Meeting is as follows:—

1. As far as possible, a session chaimian
will not take more than one minute
for the introduction of the author.

2. The author will be allowed 15 min-
utes for the presentation of his paper.

Each author is asked to make his

presentation based on a summariza-
tion of his paper adapted to oral

presentation. (Remember papers are

to be preprinted and available well

before the Annual Meeting). There
will he a warning signal under the

control of the chair which will notify

a speaker when he has one minute
remaining. The speaker will be simi-

larly notified when his time is up and
must then dose his presentation

promptly.

3. Authors will be provided with ten

preprints of their papers as soon as

possible and are asked to invite pre-

pared discussion from those they
think can contribute to the value of

the treatment of which the paper ia

the broad framework. The appropri-

universal beam mill at the steelworks

to produce wide flange beams in

sizes most used in Canada.

The Orenda Engine
The Journal has been informed of

the following, as a discussion of the

article titled "Propulsion", by F. H.

Keast, (Fifty Years of Aeronautical

Engineering) which appeared in the

February issue of The Engineering

Journal, Page 37.

(a) The ORENDA was designed to a

very simple and clear specification

which called for a maximum ground
levei static take-off thrust of 6,500

pounds;

(b) ORENDA No. 1 regularly achiev-

ed and sometimes exceeded the speci-

fied thrust of 6,500 pounds;

(c) This prototype engine estabhshed

some kind of a record for reliability

by completing 784 hours of rigorous

"type test" type of running without

being removed from the test stand.

This was achieved after ahnost 100

hours of previous mnning and two
partial strips for inspection but with-

out any modifications. A further inter-

esting fact is that this extraordinary

run was terminated abruptly by a bolt

and package of Schick injector razor

blades being accidentally sucked into

the engine intake.

ate Engineering Division chairman

should be advised promptly of the

names of invited discussors so that

session chairmen can be notified.

The Engineering Divisions of the

Committee on Technical Operations
ivill also invite discussion on Anmial
Meeting papers.

4. Discussors are asked to make known
to the session chairman tlieir desire

to participate in discussion, at the

first opportunity before the opening
of the session.

5. Time will be allotted for discussion

from the floor, if at ali possible, but
preference will be given to those who
have indicated their desire prior to

the opening of the session.

6. The nmximum time allotted for any
discussion will he limited to 5 minutes
and the warning-signal procedure
noted in (2) will be utilized.

1. The author ivill he allowed not more
than 7 minutes for verbal closure.

The warning-signal procedure noted
in (2) will be utilized. However, the
author's written closure can be of
such length as necessary to deal ap-
propriately with the ensemble of
discussions.

8. Session chairmen will dose their ses-

sions at the scheduled time.

See annual meeting notice elsewhere
in this issue.

CONDUCT OF TECHNICAL SESSIONS AT
1959 ANNUAL MEETING, E.I.C.
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Month to Month
News of the Institute and the Profession

COMMENT

CORRESPONDENCE

ELECnONS

AND TRANSFERS

É:iiiii!iiMiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin

CONFEDERATION

ROYAL VISIT-1959

H.R.H. The Prince Philip has graciously consented to address
eiigineers and scientists at a luncheon at the Royai York Hotel,

Toronto, at noon on Monday, June 29th. Groups participating

are

Canadian Aeronautical Institute

Canadian Council of Professional Engineers

Canadian Institute of Mining and Metallurgy

Chemical Institute of Canada
Engineering Institute of Canada

Applications for tickets should be made immediately to

Engineers and Scientists Committee

P.O. Box 62

Postal Station Q
Toronto 7, Ont.

The ticket allotment will be one to a person and the applicant
niust indicate his registration with one of the organizations
participating. Tickets are non-transferable.

A cheque in the amount of $5.00, payable at par in Toronto,
must accompany each individual application. Cheques should
be made payable to the Engineers and Scientists Committee.

Distribution of tickets will be made on June Ist taking into
consideration

( 1 ) Order of receipt of application

(2) Fair distribution to participating organizations

=Hniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiii!iiiiiii^^

A Progress Report

The joint sub-committee on Con-

federation met again in Montreal on

Tuesday, March 10. The report on

Confederation was studied again and

a few minor suggestions were made so

that the report could be reissued as

a completely unanimous joint report.

In the form whích ít is now being

submitted to the Canadian Council

and resubmitted to the Council of the

Institute, it has been streamlined

somewhat with the objective of niak-

ing it clearer for final presentation

to the membership.

The committee quickly reached

unanimity on all points and since

the meeting the report has been re-

typed and sent to the various meni-

bers of the joint committee, all of

whom ha\e sent in their appro\'al.

Thus it is possible to report to the

membership that the report in what

the committee expects will be its

final form is now complete. It

be submitted to the Council of the

Institute at its meeting in Montreal

in Apríl and will be considered by

the Canadian Council at its annual

meeting in May. It will be submitted

to the membership shortly thereafter.

The sub-committee believes that

the report in its present forni is

clear and concise and that the meiu-

bers will ha\ e little difficultx in follow -

ing it in every detail. It is the joint

committees belief that the report pro-

vides an adequate basis for the pro-

visional council, now referrod to as

the Engineers Confederation Com-

mission, to conchidc all the planning

necessar\ to bring Confederation to

pass.
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ANNUAL GENERAL AND

PROFESSIONAL MEETING

The Engineering Institute of Canada

ROYAL YORK HOTEL, TORONTO,

June 8, 9, 10, 1959

TECHNICAL ACTIVITIES

Members will be interested to

know about several new features
for the technical program at the

June 8-10, 1959, Annual Meeting
in Toronto, which your Committee
on Technical Operations has plan-
ned.

Thanks to the several active En-
gineering Divisions a well-balanced
program of technical papers has
been arranged. Many of the papers
are tied closely to the basic theme
of the meeting—BY the River to
THE Sea—but the remainder cover
new^ developments of interest to

engineers in every field of our pro-

fession. There is to be a half-day

panei session, with five notable
Canadian educationallists, econo-
mists and engineers, on "The Eco-
nomic Impact of the Seaway". An-
other exciting feature will be a

four-part symposium on the far-

ranging "Headquarters Computa-
tion Centre for Ontário Hydro ".

This issue of The Engineering

Journal carries abstracts of ali

papers which will be included in

the program. You will thus have a

chance to know something about

the technical papers to be pre-

sented, and know it in advance.

Moreover, annual meeting papers

are to be preprinted and made
available to members requesting

them, at a nominal cost, well in

advance of the meeting. They will

also be available at the meeting.

Any member can thus secure a

copy of a paper in which he is

interested in ample time to pre-

pare a discussion and submit it

either to Headquarters by June Ist,

or to the chairman of the session

at which the paper is being pre-

sented, prior to presentation.

The success of technical sessions

depends on your attendance, on
your contribution to discussions.

Why not make the Annual Meet-
ing in Toronto the best ever?

PLEASE REFER TO PAGE 93 FOR ABSTRACTS OF THE TECHNICAL
PAPERS TO BE PRESENTED.

THE NEXT ISSUE OF THE JOURNAL WILL HAVE THE COMPLETE
PROGRAM OF EVENTS OF THE ANNUAL MEETING, 1959.

iiiíiiiiiiii^iiiiiiiiiii:iiiiiiiiiiiiiiiiiiiiiiiuiiiuiiiiiiiiiiuiiiiHiiiiiiiiiiiiiiiiniiiiiiniiiiiiiui!iiiiiiiiiu^
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The Speakers Panei

Southern Ontário Regional Conference

The second Southern Ontário Re-

gional Conference was a complete

success, with attendance equalling last

year's. The conference was held in

the Royai Connaught Hotel, on Sat-

urday, March 14 in Hamilton.

Following the late morning regis-

tration, the luncheon at one o'clock

featured a very interesting panei dis-

cussion that captivated the audience.

The topic was "What's on the Hori-

zon for John Smith, B.A.Sc., Class of

'65". The moderator was H. L. Shep-

herd, manager, salary administration

and personnel development, Canadian
Westinghouse Co. L. D. Dougan, vice

president, operations, Polymer Cor-

poration, stated what Canadian in-

dustry needed and required of this

young engineer. S. D. Rendall, super-

intendent of secondary education, De-
partment of Education, Ontário, out-

lined what is now being done in the

way of scholarships, bursaries, and
education to help John Smith prepare

for university. Lastly, Professor L. S.

Lauchland, head of the Department
of engineering science, University of

Western Ontário, emphasized the aca-

demic education of the student en-

gineer, and said that this education

is subject to changing world con-

ditions. Professor Lauchland summed
it up very appropriately, "Engineering

is a joumey and not just an exper-

ience". An enthusiastic question and
answer period followed.

The remainder of the afternoon was
occupied with technical papers.

While the men were hstening to

these technical papers, the ladies

were enjoying a fashion show under
the capable direction of Mrs. Joyce
Saunders, Program Convenor.
The conference banquet was held

in the Crystal Ballroom with a capa-

city crowd. After a delicious turkey

dinner, Hugh Seely, chairman of the

Hamilton Branch, E.I.C., introduced

the head table to those present. Dr.

Garnet Page, general secretary of the

E.I.C. expressed his satisfaction at

being present for this conference.

Stuart Armour, economic advisor to

the Steel Company of Canada Ltd.,

was guest speaker. His subject, "Why
Buy Made in Canada" was indeed ap-

plicable to every engineer present.

An infonnal dance in the Crystal

Ballroom concluded the conference.

E. W. Hill, M.E.LC, very capably

directed and organized the Confer-

ence for its second successful vear.

Conference Banquet

Ladies Coffee Hour: Mrs. H. L. Hill-

gartner, Mrs. Joyce Saunders, Mrs. R.

H. Stevenson, Mrs. J. M. Skinner.

Trophy for Engineers
The Clement Mathew Anson Tro-

phy is an innovation for the annual

Plumbers' Ball at McGill University.

It was awarded for the first time this

year to the department of engineer-

ing who made the best showing in

the exhibits presented on the night

of the bali. The winner was tlie metal-

lurgy department, with a display of

perpetuai motion. Dr. L. Austin

Wright of the E.I.C, substituted at

the ceremonv for C. M. Anson who

was in London, England. Receixing

the trophy was G. M. Desjardins.

president of the McGill Engineering

Undergraduate Society.

Dr. Anson is the one who thirt\-

three years ago founded the Plumber's

Ball and was responsible for its being

called b>- that name. At that time he

was president of the Engineering

Undergraduate Societ>-. The bali was

a challenge to those who doubted that

the engineers could carry off a social

function of quality. From that day it

has been the outstanding social event

of the whole uni\ ersity.

Staff Changes
Tw o members of The Engineering

Institute staff left the employ of the

Institute on February 28. 1959. for

other positions.

They are: Henr\- P. Gatin. director

of niembership services, who has been

at E.I.C. Headquarters since the fali

of 1956; and John A. McLaren, east-

ern field secretarv", whose serN-ice

through the Toronto office had been

available to easteni members since

early 1958.

Elections and Transfcrs, for February,

1959, are lisled on Page 133 of this

issue.
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NORTHERN ONTÁRIO REGIONAL CONFERENCE
of The Engineering Institute of Canada

Nickel Range Hotel, Sudbury, Ont.

Saturday, April 25, 1959

SOMETHING NEW
Tftís conference is the first of Us kind in this region sponsored by the E.I.C. AU northem Ontário E.I.C. and

A.P.E.O. members and their ladies are urged to attend. A special Sudbury Branch conference committee haa

rtw.de comprehensive plans and arrangements for your pleasure and convenience. The guest speakers, papers

presentation, and social program will be stimulating and enjoyable for both the engineers and their ladies

and the conference will present an opportunity for ali northern Ontário members to meet.

12.00- 1.15 p.m. MEZZANINE FLOOR REGISTRATION

12.00 - 1.30 p.m. MEZZANINE FLOOR BUFFET LUNCHEON, Men and Ladies

1.30 p.m. BALL ROOM GENERAL ASSEMBLY and welcome from the

Sudbury Branch.

1.30- 4.15 p.m. BALL ROOM CONFERENCE PROCEEDINGS

TECHNICAL PAPERS

Engineering Future of Canada in the Next Twenty Years

1. ENERGY—Nuclear, Hydro-Electric, Carbonaceous, Solar,

j. L. OLSEN, Canadian General Electric Co., Kingston.

2. TRANSPORTATION—Land, Air, Water

A. LiGHTBODY, Assistant Manager, of Research, Canadian Pacific Railways.

3. DEFENSE
MAj. GEN. w. s. MACKLiN, Ottawa, Ont.

Concurrently with technical session, an attractive Ladies' Program will be held at the Copper Cliff

Club. Note: Arrangements will be made for dressing accommodation for visiting ladies.

6.00 p.m.

7.00 p.m.

9.30 p.m.

LOUNGE

BALLROOM

BALLROOM

RECEPTION AND COCKTAILS as guests of the

Sudbury Branch.

CONFERENCE BANQUET. Evening guest speaker.

DR. GARNET T. p.\GE, General Secretary of the

Engineering Institute.

E.I.C. REGIONAL CONFERENCE DANCE
Dress informal.

MCJ,C otiti A*P*C*0, members and iheir Mies and guests are cordiatfy itivited

piAN TO Armoa
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OBITUARIES
The siimpatliy of the Institute is extended to the relatives

of thuse whose passing is recorded here.

Sii Claude Dixoii Gibb KBE, FRS
Onc of the ali time "greuts" of the

cnjiinecring profession died siiddenly on

January 15th, 1959 at the airport in

Ncwark, N.J. He was Claude Dixon

Gibb, Chaimian and Managiiifí Director

of C. A. Parsons &: Company, Limited,

Neweastle-upon-Tyne, Enijland.

Sir Claude was well known to Cana-

dians aiid in partieular to niembers of

the Engincering Institute. He was a

frequent \isitor to Canada, and had

a host of friends here. On two occasions

he deli\ered lectures to a series of

branches of the Institute, and it is

noteworthy that lie broke ali attendance

records at each braneh. As a lecturer

and a discusser of technical problems

in his dÍNcrsificd field he was without

peer or equal.

Sir Claude's hcalth was such that for

years he knew he was "living on bor-

rowed time," biit he carried on his

duties as if nothing were wrong. He
was always cheerful, interested in every-

thing around him, helpful to other

people, and charming in a way that

brought him new friends and greatly

enhanced old friendships.

Few engineers possess the breadth of

his interests, his knowledge and his

achievements. He was a great engineer
and an outstanding industrialist. It was
said by those who should know that

although he was the ehief administrator

of his company, he was still the best
engineer in the organization.

The Engineering Institute recognized
his outstanding character and achieve-
ments by making him an Honorary
Member at the Annual Mceting in

Quebec in 1958.

This distinguished gentleman was born
in Adelaide, Austrália in 1898. He was
graduated from the South Australian
School of Mines (Adelaide University)
and later did post-graduate study at

London and Dtirham Universities, to
obtain his doctor's degree.
From 1917 to 1919 he was a pilot

in the Australian Flving Corps, and in
the second world war was Director
General Armoured Fighting Vehieles and
Chairman of the British Tank Board.
In this post he led the team that de-
veloped the Centurion Tank. He devel-
oped and brought into production the
British 17 pounder, and as well was
responsible for ali British weapon
production.

After the first world war 1920-1923
he was sénior research assistant in the
engineering laboratory University of

Adelaide. In 1924 he went to England
and started his industrial training as a
fitter at the Heaton Works of C. A.
Parsons and Company Limited. In rapid
succession he beeame chicf engineer
and director of the company (1929),
General Manager 1937, Joint Managing
Director 1943 and in 1945 Chairman
and Managing Director, the position he

held at the time of his death.

Also he was Chairman of the Reyrolle

Company, and of the Nuclear Power
Plant Company, Limited.

In 1945 he was honored by the King,

with a knighthood, for his war work,

and in 1956 he was made Knight of

the British Empire for his outstanding

contribution to the development of

atomic power. He was made a Fellow
of the Royai Soeiety, for original re-

search and design, new methods of

manufacturing steani turbines and for

his armament work.

Sir Claude Gibb,
KBE, FRS,

HON. M.E.I.C.

He has presented innumerable tech-

nical papers, and has received many
awards for them, from many parts of

the world.

Sir Claude was a great mau. The
profession is justifiably proud of him.

It is tragic that he should have been

cut off at so young an age, and the

world deprived of his continued good
works. Few men have made so deep

a mark on industry and on their pro-

fession. The world is much better be-

caiise of him and there is every reason

to believe that his influence will con-

tinue for years by virtue of his good
example.

"1 shall not look upon his like again."

L. A. W.

Clive Joyee, s.e.i.c. died on November
15, 1958.

Born on May 28, 1933, he attended

Queen's University, graduating with a

B.Sc. (Hons) (Chem.) degree in 1957.

He was awarded his M.Sc. degree in

chemical engineering at Queen's Univer-

sity in 1958. He had later started on re-

search in fluid flow through porous

media. He was on a National Research

Council scholarship.

Alex. Alfred Plummer, m.e.i.c. died

April 24, 1958.

He was born on Septcmber 19, 1889

in Toronto, Ont.

From 1904 until 1910 he was cm-
ployed in railway, lumbcr and municipal

engineering in Ontário and British

Columbia, and from 1912 to 1913 he
was partner and superintendent of

Marshall, Plummer & Company, en-

gineers and contractors. In reccnt years

the firm was designated as A. A. Plum-
mer Compan>' Ltd., \'ancouver, B.C.

Herbert Alcock Elgee, m.e.i.c. died

early in 1958 in England.

He was bom on December 7, 1867

in índia and received his B.A. degree

at Trinity CoUege, Dublin. He also at-

tended engineering school at Trinity

College.

From 1902 until 1913 he was em-
ployed as engineer and agent for various

harbour works in Singapore, South Africa

and British Columbia. In 1921 he be-

eame chief engineer with the Back Bay
Reclamation Scheme, índia, retuming

to England in 1928.

Richard F. Davy, m.e.i.c. died on No-
vember 29, 1958 in Victoria, B.C.

Born in Toronto on No\ember 7,

1875, he carried out extensive explora-

tive surveys for the Canadian govem-
ment in Quebec.

In 1928 he became assistant engineer

with the Department of Public Works,

Canada, and in 1941 retirtd from the

Department at Victoria.

T. E. Gilchrist, M.E.I.C. of Peterborough,

Ont., died on September 26, 1958.

Born in Ottawa, Ontário in 1888, he

graduated from McGill Universit>- in

1910 with a B.Sc. degree.

He worked with the Canadian Gen-

eral Electric Company for many >ears

in Peterborough. He had joined the

Canadian General Electric Company in

1910 in the testing department.

James Walsh MacMahon, m.e.i.c. died

on October 4th, 1958 in Montreal.

He was born in St. Catharines, Ont.,

on November II, 1883. He graduated

from McGill University with a B.Sc.

degree.

Mr. McMahon was made a Life Mem-
ber of the Institute in 1949.

John J. Murphy, m.e.i.c, of Ottawa,

Ont., died on June 28, 1958.

Born in Haíifax, N.S. on November

13, 1874, he had his early schooling

there. Later he studied at the La Salle,

Cambridge House Academies and Kings'

College, and attended an engineering

course 1892-93.

His early career included work in the

Provincial Engineering Office, Halifax,

and for the Nova Scotia Southern Rail-

wa\-. Later he was engagcd in the

Welland ship canal project at Port Col-

bournc, Ont. In 1928 he became assistant

to lock engineer, Welland ship canal.

In 1932 he was in the div ision enginoors'

office. His engineering serxice to the

Welland canal and the Trent canal ex-

tend over many years.

Mr. Murphy had completod more than

fifty years of membership in the Insti-

tute, ha\ ing joined in 1890.

A. O- Niazi, jR.E.i.c. died in 1958 in

Pakistan. He was born in Paki.stan on

Januar\' 1, 1925 and from 1932 to

1940 attended Panjab Universib.- schools

in that countr>-.

In 1947 he went to McGill lTnivorsit>-,

graduating in 1950 with a B.Sc. degree

in ci\il engineering. In 1957 ho sen-od

as sub dixisional officer, P.W.D. (B.&R)

in Lahore, West Pakistan.
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M. J. des R.

Tessier m.e.i.c.

W. J. Bichan,
M.E.I.C.

W. J. Bichan, m.e.i.c. (B.Sc, mining,

London 1932) of M. J. Boylen Engineer-

ing Services, is in Toronto after having

spent two years in management of Ad-
vocate Mines Ltd, Baie Verte.

F. J. Slominski, m.e.i.c. (B.Sc., civil,

Saskatchewan 1925) of Poole Construction

Company Limited, Edmonton, has trans-

ferred from the Regina Branch. He is a

vice-president of the company and dis-

trict manager of the Saskatoon District.

M. J. desR. Tessier, m.e.i.c. (B.A.Sc,

C.E., Ecole Polytechnique 1909) has re-

tired as managing director of the Better

Business Bureau of Quebec.

J. J. Kaller, m.e.i.c. (London, England
1950) has accepted the position of ad-

ministrative engineer with the Corpora-

tion of the District of Burnaby, B.C.

V. M. Wallingford, m.e.i.c. (B.A.Sc, civil,

Toronto 1944) is chief engineer of the

Arbec-Campbell group of Companies,
with office in Montreal. He leaves Baie

Comeau, Quebec, where he was with

Canadian British Aluminum Co. Limited,

and Chainnan of the local Branch of the

E.LC.

John Stephenson, m.e.i.c. has retired as

plant engineer, National Steel Corpora-

tion Hamilton, Ont. He is now with the

water works design division, City of Ham-
ilton.

W. E. John Turke, m.e.i.c. (civil, Zurich,

Switzerland, 1936) has recently been
named a sénior associate of the firm of

Surveyer, Nenniger & Chenevert, Mont-
real. He has been in charge of structural

design and of complete projects with the

firm since 1941.

Jack Hahn, m.e.i.c. (B.Eng., elec, Mc-
Gill, 1947) has become a sénior associate

of the finn Surveyer, Nenniger & Chene-
vert, Montreal. He is on the executive

committee of the Montreal Branch of the

Institute for 1959.

A. C. Davidson, m.e.i.c. (B.Sc, civil,

1935; elec, 1936; Manitoba; M.A.Sc.,

Toronto, 1949) has been elected chairman

of the Toronto Branch of the Institute.

He is assistant professor in the depart-

ment of civil engineering at the Uni-

versity of Toronto.

W. J. Manning, m.e.i.c. (B.A.Sc, civil,

Polytechnique, 1927) of the Department
of Transport since 1940, has been pro-

moted from chief of aids to navigation

to the post of director, marine services.

A. Laing, m.e.i.c. (B.Sc, civil, McGill

1930) has recently been appointed chief

of aids, marine services branch of the

Department of Transport, Ottawa.

Carson F. Morrison, m.e.i.c. (B.Sc, civil,

Saskatchewan 1925; M.Sc, structural,

McGill 1927) has been appointed editor

of Canadian Consulting Engineer, a Hugh
C. MacLean publication. He will remain
in his position of professor and head of

the department of civil engineering, Uni-

versity of Toronto.

Alan Wyatt, m.e.i.c. (mechanical,

R.N.E.C., Keyham, 1951) of Ontário

Hydro is on loan to Atomic Energy of

Canada Limited, working on the CANDU
project, as design engineer, nuclear power
plant division.

W. R. Astrop, m.e.i.c. (B.A.Sc, civil, Tor-

onto 1950) of C. C. Parker and Associates,

has been named assistant bridge engineer.

Douglas R. Wilson, m.e.i.c. (B.Eng.,

civil, McGill 1951) has been appointed

section head, sewage and water depart-

ment, R.C.A.F. headquarters, Ottawa.

F. De Francis, m.e.i.c. (B.Eng., civil,

McGill 1951) has joined Harbour Steel-

works Ltd., St. Sulpice, Que., as chief

engineer.

Elson H. Hansen, m.e.i.c. (B.Sc, civil,

Saskatchewan 1953) is a municipal engi-

neer of the municipality of Fort Garry,

Man.

W. R. McEown, m.e.i.c. of the Depart-

ment of Trade and Commerce has been

named district inspector, electricity and

gas, Toronto standards division.

Edward G. Taylor, m.e.i.c. (B.Sc, civil,

Queens, Belfast, 1948) has been ap-

pointed chief Utilities and roads engineer

design division with the Directorate of

Works (Amiy), Department of National

Defencc, Ottawa.

W. R. McEown, W. E. MacDonald,
M.E.I.C. M.E.I.C.

C. H. Davis, M.E.I.C. (B.Sc, Sir George

Williams College, 1937) of the Bell Tele-

phone Company of Canada has become

equipment engineer, customer services,

eastern area.

W. E. MacDonald, m.e.i.c. (B.Sc, min-

ing, N.S.T.C. 1950) of the Dominion Coal

Company Limited, has been appointed

district superintendent, district No. 3,

New Waterford, N.S.

Karl Pozsonyi, m.e.i.c. (dipl. civil, Buda-

pest) has joined E. M. Peto Associates

Ltd., Toronto, as soil engineer.

Morley M. Muth, m.e.i.c. (B.Sc, civil,

Sask. 1956) has joined the design branch

of the Manitoba Department of Public

Works.

Jack Hahn,
M.E.I.C.

E. John Turke,
M.E.I.C.

A. C. Davidson, J. J. Kaller,

M.E.I.C. M.E.I.C.

R. J. Coghlan, m.e.i.c. (B.Sc, mech.,

Saskatchewan, 1943) formerly resident

engineer for Bailey Meter Company
Limited, London, Ónt., has been pro-

moted to district manager for the com-

pany, in the Atlantic Pro\inces. His

headquarters are in Halifax, N.S.

O. I. Johnson, m.e.i.c. (B.Sc, civil, Sas-

katchewan 1948) has been appointed

maintenance superintendent. Kimberley

fertilizer department of The Consoli-

dated Mining and Smelting Company,
Trail, B.C.

Donald P. Ryan, m.e.i.c. (B.Sc, mech.,

Toronto 1949) has been appointed On-
tário district representative for Precipita-

tion Company of Canada Limited, Tor-

onto.

James E. Smith, m.e.i.c. (B.A.Sc, mech.,

British Columbia, 1949) has been ap-

pointed chief, Norden products sales,

Canadian Pratt & Whitney Aircraft,

Montreal.
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Can you identify these

D.̂ominating the skylines of Canadian cWes, these buildings new and

old reflect the nation's stríking growth. Can you identify them?

Like thousands of other weli-known buildings from coast

to coast, they contain steelwork fabricated and erected

by Dominion Bridge Company Limited . . .

testimony to the experience, enterprise

and engineering skill of Canada^s oldest

and largest steei fabricators.

OmSIONS: STRUCTURAL

BOILER • PLATEWORK

MECHANICAL
WAREHOUSE

PLANTS AND OFFICES THROUGHOUT CANADA
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• PERSONALS

Hans Ulmann, m.e.i.c. (dip. Switzerland

1925) has been appointed manager of the

new Gear Products Division of Dominion
Engineering Company Limited, Mont-
real.

G. E. Plant, m.e.i.c. (B.A.Sc., mech, Brít-

ish Columbia 1950) of Dominion Engi-

neering Company Limited, Montreal, has

been appointed sales manager of the

new Gear Products Division.

R. E. Smallwood, m.e.i.c. (B.A.Sc, mech,

Toronto 1935) has recently been ap-

pointed product engineer in the new
Gear Products Division of Dominion
Engineering Company Limited, Montreal.

Alex Campbell, m.e.i.c. (B.Sc, M.Sc,
civil, McGill, 1924, 1926) vice-president

and manager of the Western Division of

Dominion Bridge Company Limited for

the past seven years, retired on March 1,

1959. He started with the company in

1920.

Hans Ulmann, G. E. Plant,

M.E.I.C. m.e.i.c.

P. A. Duchastel, m.e.i.c. (B.Eng. Mc-
Gill 1938) is the new chairman for the

Quebec Branch of the Institute. He is

chief engineer wiúi the Quebec Power
Company, Quebec.

Alex. Campbell, P. A. Duchastel,
m.e.i.c. m.e.i.c.

R. F. Routledge, m.e.i.c. (B.Eng. Mc-
Gill 1947) is the new chairman for the

Sarnia Branch of the Institute. He is

associated with Imperial Oil Limited's

Sarnia Refinery as technical superintend-

ent.

R. F. Bailey, m.e.i.c, (B.Sc, Chem., Al-

R. F. Routledge, R. F. Bailey,

m.e.i.c. m.e.i.c.

Harold L. Steel, R. D. Hall,

m.e.i.c. jr.e.i.c.

berta 1941) supervisor of projects with

Consolidated Mining & Smelting Com-
pany of Canada Ltd., Trail, B.C. has

been elected chairman of the Kootenay
Branch of the Institute.

Robert Hodgson, m.e.i.c. (B.Eng. mech,
\'.S.T.C., 1951) has transferred from
Halifax to be area supervisor, mechanical
department, with Imperial Oil Limited

at Sarnia, Ont.

Roy F. E. Bunston, m.e.i.c. (B.Sc, elect.

Queen's, 1942) is appointed industrial

products manager with Bumdy Canada
Ltd, Markham, Ont.

John E. Laughlin, m.e.i.c. (B.Sc, civil,

Saskatchewan, 1948) has transferred to

the Department of Public Works, Ottawa,

as assistant construction engineer.

Leslie Pallas, m.e.i.c. is group engineer

for Gordon Hotels Ltd, in London, Eng-
hmd.

BRITISH TIMKEN (canada) LIMITED

announce their appointment

as exclusive Distributors in Canada of

TIMKEN S
fapered-roíler bearings

MADE IN ENGLAND
BY

BRITISH TIMKEN LIMITED

and

F B C Sr

bali and paraílel-roller bearings

MADE IN ENGLAND
BY

FISCHER BEARINGS COMPANY LTD.

BRITISH TIMKEN (canada) LIMITED
Subsidiary of British Timken Limited

36 PARK LAWN ROAD, TORONTO 18, TELEPHONE CLIFFORD 5-3478

Local distributors in ali principal cities
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• PERSONALS

Alfred H. D. Haiblen, m.e.i.c. (B.Eng.,

elcc, McGill, 19-46) president of Jedwin
of Canada Limited, has been appointed

sccretan -treasurer of 0'Day Associates of

Canada Limited, Toronto.

O. van Deurs, m.e.i.c. (M.Sc, civil,

Copcnhagen 1943) has taken up the posi-

tion of county engineer of Lampton
County, Ont.

Robert L. Higgins, m.e.i.c. (B.Sc, mech.,

Louisiana, 19.52) until recently with Can-
adian Utilities Ltd., Edmonton, has gone
to Keyport, Wash., as supervisory elec-

tronic engineer at a naval torpedo

station.

Harold L. Steel, m.e.i.c. is the new chair-

man for the Amherst Branch of the In-

stitute. He is chief draughtsman, struc-

tural steei division, of Robb Engineering
Works Limited, N.S.

Frederick Krug, m.e.i.c. president of Can-
adian International Power Company
Limited, and vice president of Montreal
Engineering Company Limited, is this

year's recipient of the Cano Dunn Medal
of the Cooper Union Alumni Association.

R. D. Hall, JR.E.I.C. (B.Sc. elec. Alberta

1948) is the new chairman for tlie Leth-

bridge Branch of the Institute. He is

utíhty engineer with the City Hall, Leth-

bridge, Alberta.

H. Orlando, jr.e.i.c. (B.A.Sc., civil, Tor-

onto 1953) project design engineer with

NEW DRED6IN6 EGONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

3 Generations of Experiencc in 19 Countries

One of a large gronp of dredging companies
spread over three continents.

Resources include 41 dredges and 112

svipporting vessels of every type and size.

Beaver Dredging will be pleased fo provide

informafion and preliminary estimates.

BG&\/Gr DrGcÊcfing
COMPANY LIMITED

Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cab/e Address "Filling"

the Ontário Department of Highways,

has been transferred from the Kingston

region to London, Ont.

A. L. Adams, jr.e.i.c, (B.Eng., elec, Mc-
Gill, 1951) has recently been appointed

electrical superintendent of Marmesmann
Tube Company Ltd., Sault Ste. Marie,

Ont.

R. J. R. Welwood, jr.e.i.c. (B.Sc, mining,

Queen's 1950) former mine captain,

Stanleigh Uranimn Mining Corp. Ltd.,

is now a research engineer, Panei mine,

ElHot Lake, Ont.

R. F. Crítchley, jr.e.i.c, (B.Eng., mech.,

Saskatchewan 1955) has gone to England

on an Atlilone Fellowship, and is with

Vickers-Armstrong (Engineers) Ltd. at

Newcastle.

C. A. Clements, jr.e.i.c (B.Eng., civil.

N.S.T.C. 1954) of the Hydro-Electric

Commission of Ontário, construction div-

ision, has become design engineer at On-
tário Hydro's head ofBce in Toronto.

Ralph Neil, jr.e.i.c (B.Eng., ci\"il,

N.S.T.C. 1957) resident engineer with

tlie Department of Highwajs. at St.

Johns, Nfld.

Stuart F. Lyon, jr.e.i.c (B.A.Sc, civil.

Toronto 1954) is now working on con-

struction of tíie Inter-Anierican highwa\

in Costa Rica.

R. F. Gurr, jr.e.i.c (B.Sc, mech..

Queen's 1954) is project engineer, works

engineering department, at the Aluminum
Companv of Canada Limited. Kitimat.

B.C.

Jules Leonard, jr.e.i.c (B.A.Sc. civil,

Polytechnique, 1952) has been named
sales representative for Roxalin of Canada
Limited, Montreal.

^1
A-

Joseph A. Baxter.

JR.E.I.C.

T. Argyropoulos, jr.e.i.c. (B. Eng.. mech..

McGill 1951) has joined Grumman .\ir-

craft Engineering Corporation, Betlipage.

New York, as systems analysis engineer.

David G. Turner, jr.e.i.c. (B.Sc, elec.,

Manitoba 1958) is a development engi-

neer with the Defence Research Board.

Canadian Armament Research and De-
velopment Establishment. \'alc;u-tier. Que.

.Joseph A. Baxter, .jr.e.i.c. (B.Sc, civil,

New Brunswick 1957) has joined Gill and
Company Limited, St. John. N.B.. as

sales engineeer.

M. F. Pittuck, jr.e.i.c. (B.Eng., ci\il,

McGill 1951) of Shawinigan Engineer-

ing Conipan\' Limited. Montreal, has
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...designed-manufactured and erected by B&W in Canada
The first two Cyclone Furnace Fired Boilers in Canada are in successfui operation at Nova Scotia Light and

Power Company Limited, Halifax— designed to burn a wide variety of fuel, especially low grade coal,

and fuel oil.

These modem pressure-fired units with fully drainable superheaters have a combined capacity of 900,000

Ibs. of steam per hour at a superheater outlet pressure of 925 psi and a controlled steam temperature of

915° F. Their flexibility, ease of operation and dependability have been outstanding features.

These are the largest steam generating units in the Maritimes.

Theforesight of Nova Scotia Light and Power Company Limited in the selection of B&W Radiant Boilers with

Cyclone Furnace firing, to meet their power requirements, is a credit to their progressive management

and engineering staff.

1
STEAM FOR PROCESS • STEAM FOR POWER

BABCOCK-WILCOX AND GOLDIE-McCULLOCH LIMITED, GALT, ONTÁRIO Montreal . toronto . calgary . vancouver



• PEKSONALS

been promoted to manager, planning,

niethods and cost control for die com-
pan>'.

D. Keith Marshall, jr.e.i.c. (B.Sc, civil,

New Brunswick, 1952) is with Atomic
Energv of Canada Limited, Chalk River,

Ont.

R. W. Pigolt, JR.E.I.C. (B.A.Sc., civil, Tor-

onto 1957) is assistant construction engi-

neer in the roads department, City of

Ottawa.

G. V. Novotny, jr.e.i.c. (B.Eng., elec,

McGill 1955) of Canadian Industries

Limited, has been appointed project engi-

neer, ammunition division, at the Browns-
burg works.

Alfred Lapointe, jr.e.i.c. (B.Eng., elec,

McGill 1957) is engaged in new con-
struction and development with the Royai
Canadian Navy at National Defence
Headquarters, Ottawa.

E. Rohatynski, jr.e.i.c. (B.Sc, civil,

Manitoba 1950) has been appointed as-

sistant maintenance superintendent,

smelter maintenance, engineering division

of The Consolidated Mining and Smelting
Company, Trail, B.C.

C. H. Albright, jr.e.i.c. (B.Sc, mech.,
Manitoba 1950) has been appointed
maintenance superintendent, engineering

Services in the engineering division of
The Consohdated Mining and Smelting
Company, Trail, B.C.

R. H. Reynolds, jr.e.i.c. (B.Sc, elec,
Alberta 1951) has been named Company
representative in Vancouver for Babcock-
Wilcox and GoIdie-McCulloch Limited.

• Low wattage defrosting for economy. Heater wattage is less

than required by compressor during normal operotion.

• Quick, fool-proof installation. No special plumbíng or addi-

tionol refrigerotion lines needed. Solenoid switching or check

volves ore not needed for single coil installation.

• Dependable operotion. Símplicity of design provides trouble'

free operotion.

• No icicles or frost on ceíling. The exclusive heot trop ends

this problem by trapping the heat at the canopy.

• Simplified servícíng. Defrost element is readily accessible

v/ith no need to break into the refrigeront circuit.

PRODUCTS LTD.

R. H. Reynolds,
JR.F.I.C.

M. F. Pittuck,

jr.e.i.c.

G. C. Bellamy, jr. e.i.c. (B.Sc, mech.,
Queen's 1956) industrial sales representa-
tive for Imperial Oil Limited, has been
transferred from North Bay, Ont., to

London, Ont.

Terence Wm. Algeo, jr.e.i.c. (B.Sc, elec,

Manitoba, 1950) has been appointed
manager, Deutz engine sales, with Prit-

chard Engineering Co. Ltd., Winnipeg.

Terence W. Algeo.
JR.F.I.C.

G. E. James Blaiklock, jr.e.i.c. (B.A.Sc,
mech., Toronto 1951) of Foundation
Maritime Limited, has been transferred

to tlie Halifax office as executive assistant.

.T. L. Carveth. jr.e.i.c, (B.Sc, mech., Al-

berta 1950; M.Sc, 1953) is a process

engineer with Stearns-Roger Engineering

Co. Ltd., Calgar>-, Alta.

Donald J. Kawaja, jr.e.i.c. (B.Eng., elec.

N.S.T.C. 1956) design and switchgear

engineer \\ ith Canadian General Electric

Company Ltd., is on leave of absence

for one year, and has taken on the duties

of professor of engineering. St. Dunstan's

University, Charlottetown, P.E.I.

D. L. Ginerick, jr.e.i.c, (B.Sc, mech.,

Saskatchewan 1954) of the Tidevvater

Oil Compan>-, has been transferred from
Regina to Shaunavon, Sask., as district

engineer.

Gerard S. Sugiyama, jr.e.i.c, (B.Sc.

mech.. Manitoba 1949) has recently

opened his own consulting engineering

office in \\'innipeg, Man.

George K. Fleming, jr.e.i.c, (B.Eng.,

mech., N.S.T.C. 1957) is working towards

a masters" degree in applied science at

the Universitv of British Columbia, \"an-
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Handling

these

difficult

liquids

the meter with

NO flow

restrictions

Foxboro's first Magnetic FIow Meter went "on stream" m 1954.

Today this new-type meter has gained industry-wide application

for precise, linear measurement of corrosive, viscous and other

difficult process liquids.

The Magnetic FIow Meter is installed as simply as a length of

pipe with no straight runs required. It connects by standard elec-

tric cable to remote Foxboro Dynalog Electronic Recorder. Over-

all accuracy of the system is ±1%. And the nneter even measures

reversing flows.

With easy-to-measure liquids, or with tough ones like those listed

beiow the performance-proved Foxboro Magnetic FIow Meter pro-

vides fiow measurement with no line restrictions. For complete

details, write today for Bulletin 20-14C.

The Foxboro Company. Limited, Montreal

Montreal and Maritinnes • Toronto • Sudbury

Port Arthur • Edmonton • Calgary ' Vancouver

CHEMICALS

hydrochloric acid

ammonium nitrate

solution

phosphate slurry

rayon viscose

magnesium carbonate
slurry

phosphoric acid

detergent concentrate

rosin size

starch solution

rubber copolymer

liquid látex

sulptiuric acid

70% sodium hydroxide

soap fIow

styrol

magnesium hydrate

FOOD

beer

grape juice

apple juice

pineapple juice

tomato juice

milk

starch slurry

sugar syrup

coffee slurry

molasses

PULP AND PAPER

ali types of pulp stock

cooking liquors

spent liquors

bleaching chemicals

lime mud slurries

WATER AND WASTES

activated sludge

fresh water

raw sewage
digested sludge

primary sludge

return activated sludge

METALS AND MINING

pickling acid

sand slurry

ferrous chioride

limestone shale slurry

bauxite slurry

gilsonite slurry

aluminate liquor

uranium ore slurry

thickener mud
cement slurry

flue dust slurry

acid wastes

GIL INDUSTRIES

drilling mud
phosphoric acid

ethenol extract

scrubber recycle water

urea solution

nitrate solution

spent acid

sodium silicate & water

sodium chioride brine

tar-sand slurry

METER SIZES RANGE FROM INCH TO OVER 6 FEET PIPE DIAMETER

_ MAGNETIC

i^QXBQHO METERS
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• PERSONALS

comer. Ho is also instructing in

mcchiuiical cMigineering laboratories.

the

A. L. Eisenliauer, jr.e.i.c. (B.Eng., mech.,

N.S.T.C. 1951) has joined Power-Gas
Canada Limited, Montreal, as sales engi-

neer.

I. B. Miller, jr.e.i.c. (B.Sc, elec, Queen's

1948) of English Electric Co. of Canada,

has been transferred to the Toronto ofRce.

Edward W. Thorne, jr.e.i.c. (mech.,

Xational Certificate, England 1954) is

employed as estimating engineer with the

Dundas Plumbing and Heating Co. Ltd.,

London, Ont.

Morris A. Bohn, jr.e.i.c. (B.Sc, civil,

Queen's 1957) is a research assistant in

the department of civil engineering at

the University of Illinois.

Charles F. Lund, jr.e.i.c. (B.Eng., mech.,

N.S.T.C. 1950) has recently been ap-

pointed a section engineer with Canadian
Celanese Limited, Drummondville, Que.

D. W, Tumey, s.e.i.c. (B.A.Sc., engineer-

ing & business, Toronto 1958) is pro-

ceeding towards a master of commerce

let RENOLD technical experts

talk with you about

MATERIALS HANDLING
Eíghty years of accumulated

experíence gíve the RENOLD
staff unparalleled knowledge

of chain conveying—and it ís

yours for the askíng. Cali

RENOLD for technical as-

sistance and for your choíce

of RENOLD's complete fine of

Conveyor
CH AINS
WHEELS AND
ATTACHMENTS

Chaíns, Pinions, Wheels
American Chain Replacements

Couplings, Gears, Clutches

Reducers and Geared Motors

Stock Deliveries

COAST TO COAST SERVICE
Wrile for catalogues 904

RENOLD CHAINS
CANADA LTD.

VANCOUVER WINNIPEG

LONDON HAMILTON TORONTO
MONTREAL THREE RIVERS QUEBEC

AGENTS. E. S. Stephenson & Co, Limited

Halifax, N.S., Saini John, N.B. and

Hugh J. CNeill Limited, Noranda, P.Q.

Timmins and Sault Ste. Marie, Ont.

degree at the University of Toronto,

while also being a part-tLme instructor

in engineering drawing.

B. H. E. Maynard, s.e.i.c. (B.A.Sc., engt^

neering & business, Toronto 19.58)

starting his carecer with the Departmen
of Defence Production, Ottawa.

F. W. A. Mosienko, s.e.i.c. (B.Eng., civil,

Saskatchewan 1957) is employed with
the Geodetic Survey of Canada, Ottawa.

R. W. Kyle, s.e.i.c. (B.Sc, civil, Saskat-

chewan 1958) is an engineer with the

legal division of the Department of Mines
and Technical Surveys, Ottawa.

F. Maisonneuve, s.e.i.c. (B.Eng., mech.,

McGill 1958 has joined Gypsum Lime
& Alabastine, Montreal as plant engineer.

A. V. Widholm,
S.E.I.C.

Lt. R. J. L. Rogers,

S.E.I.C.

Lt. R. J. L. Rogers, s.e.i.c. (B.A.Sc, dxil,

British Columbia 1958^ has joined the

United \ations Emergency Force engi-

neer company in the Middle East.

S. Sarsito, s.e.i.c. (B.Eng.. civil., Nova
Scotia Technical College 19581 is a high-

way engineer with the Ministr>' of Public

Works, in Djakarta, Indonésia.

A. V. Widholm, s.e.i.c. (B.Sc, ci\il, .VI-

berta 1957) is studying for a B.D. degree

in preparation for foreign missionary

service. He has been emplo\ ed as field

engineer for Haddin, Davis. & Brown
Ltd., Edmonton, .\lta.

R. Fancott, s.e.i.c. (B.Eng.. mech., Mc-
Gill 1957) is spending his second year

of an .\thlone Fellowship with Ewbank
& Partners in London, England.

Joseph Zicgler,

s.e.i.c.

Lionel R. Simard.
S.E.I.C.

Joseph Ziegler, s.e.i.c. (B..\.Sc., mech.,

British Columbia 1958) is in Salt Lake
Cit\-, Utali, where he is employed as a

design engineer.

Lionel R. Simard. s.e.i.c. (B.Eng., civil,

Pol\ tcchniiiuo 195S) is city engineer with

the Cit>' of St. L;imbert. Que.
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Specially Shaped

Noranda Copper Tubing

Provides Extra Strength

for Etlin Electrical Connectors

Seamless, pure electrolytic copper tubing is produced

by Noranda in a selection of special shapes for elec-

trical solderless connectors. The H. B. Etlin Company,

Toronto, one of Canadas major electrical equipment

manufacturers, uses the heavy walled five-sided shape

illustrated here.

Noranda seamless copper tubing is preferred because

of its high mechanical strength as well as electrical

conductivity. The tongues are fabricated from heavy

Noranda Copper bus-bar for rigid clamping and low

heat loss. Ampere range for these connectors is from

25 to 800 inclusive.

Fulfilling special product and component needs is

standard practice at Noranda. Noranda technical serv-

ice stands ready to serve you, your product and pro-

duction needs-both present and contemplated-on any

copper and copper alloy subject, size or shape. A call

to your nearest Noranda Sales Office will bring what-

ever assistance or information you require.

Noranda CopperandBrass Limited
SALES OFFICES: Montreal • Toronto • London • Edmonton • Vancouver

TYie Key To Your Besl

Noranda
Opportmities In Metals
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NEWS OF

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

BAIE COMEAU
G. VV. Scott, M.E.i.c. Correspondent

Herbert J. Racey, exec. vice-president

of Racey, MacCallum and Associates

Limited, Montreal, was the speaker

booked for the meeting of February 4.

Neill Holloway of the engineering staflF

of Racey, McCallum substituted for him,

giving the paper on Lessons Learned
from Structural Faihires.

Eive cases were discussed: three of

concrete structures which had failed

because of insiifRcient protection from
freezing in cold weather operations, and
two of structural steel failures caused
by a lack of provision for the resistance

of lateral forces.

BELLEVILLE

D. A. Law, jR.E.i.c, Correspondent

R. L. Beck, m.e.i.c, application engineer

of C.G.E., Peterborough, was the speaker

on March 9. Progress in Atomic Energy
was his subject.

The interesting talk, illustrated with

slides, reported the application, require-

ments and economics of nuclear plants

for the production of electric power,

process steam and combined power and
heat.

The fission cycle, thermal cycle, and
the physical layout of atomic plants were
discussed, and also the different British,

American and Canadian approaches to

nuclear power. There was a lively discus-

sion period, indicating great interest.

BORDER CITIES

R. L. Kennedy, jR-e.i.c., Correspondent

AssuMPTioN University was the location

and the subject of a panei discussion on

January 15, 1959. In the university

library, three speakers discussed the his-

tory, present standing and future plans

of the newly formed university. They
were: E. A. DeMarco, chairman of the

staff of Essex College; W. H. Arison,

chairman of the board of Essex College;

and C. T. Carson, chairman of the

Engineering Educational Committee.

The Ladies Auxiliary has a member-
ship of 81, and an average attendance

of 40 at meetings. The group celebrated

their seventh anniversary at the annual

chnner meeting this year. New oíBcers

elected are Mrs. C. M. Armstrong, presi-

dent; Mrs. H. V. Chapman and Mrs.

J. W. Brison, vice-presidents; Mrs. J. E.

Sennot, recording secretary; Mrs. E. T.

Rivington, corresponding secretary; Mrs.

L. T. Raham, treasm-er; Mrs. R. H.
Darke, group convenor; Mrs. D. Servage,

publicity; Mrs. J. D. Livingstone, Mrs.

J. E. Dykeman and Mrs. J. M. Reid,

coimcillors.

Four interest-groups are promoting
friendship aniong the members. Seven
general meetings were held during the

past year.

Mrs. J. W. Brisson, Mrs. C. M. Arm-
strong, and Mrs. H. J. Chapman, of the

Border Cities Brandi Ladies .\uxiliar>.

EDMONTON
L G. Finlay, m.e.i.c, Correspondent

A joiNT MEETING was held b> the

Edmonton Branch and the Engineering

Students Society, L^niversit>" of Alberta,

on January 13. A film on the demolitioi.

of Ripple Rock was presented, by court-

esy of the Federal Department of Public

Works, to an audience of about 200.

The annual joint dinner meetlng uitli

tíie Association of Professional Engineer^

of Alberta was held on January 23.

There were 200 present.

PRESIDENT K. F. Tipper visited the

Comer Brook Branch (left) on Febru-

ar> 16. the Northern New B^uns^\nck

Branch (below) on February 9. and the

Halifax Branch (below, left) on Febru-

ary 12. He was accompanied by General
Secretary Gamet T. Page. The pictures

show:

Comer Brook: Mrs. Gamet Page. K. F.

St. George. Mrs. Leja. Dr. Tupper. E. A.

Leja, Mrs. Tupper.
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'âU/l WATER TREATMENT
PROBLEMS DESERVE
THE BENEFITS OF

WORLDWIDE

50 Years World 's leading specíalísts in

WATER TREATING EQUiPMENT and ION EXCHANGE

FIRST

FIRST

FIRST

to market a natural ion

exchange material

to market carbonaceous

ion exchange material

with hydrogen ion process

FIRST

FIRST

FIRST

to treat coke oven waste

llquor by ion exchange

with "drinking water from

sea water" kits

with portable demineraliz-

zing units

FIRSTto install complete deion-

izing equipment

ORIGINATORS of mixed-

bed ion exchange demineralizing

By ali means take advantage of lONEXCCS comprehensive
Canadian design and engineering facilities. Upon carefui

analysis of your problems or requirements, lONEXCO will

recommend the most económica!, most efficient technique
to suit your needs . . . custom-designed equipment to meet
ali exacting requirements.

lONEXCO specialíze In

• Boiler Feed Water Treatment

• Process Water Treatment for Industry

• Designing Equipment: using the most modem techniques

in the ion exchange field for increasing productivity of

Chemical and allied industries.

ION EXCHANGE (CANADA) LTD.
33 Price Street, Toronto 5, Ont. Telephone: WAInut 3-3004-

EXPERIENCE

CLARIFICATION
Coagulating Equipment
Floc Forming Equipment
Sedimentation Tanks
Sludge Blanket Settling Tanks

FILTRATION
Rapid Gravity Sand Filters

Pressure Sand Filters

Iron and Manganese Removal Filters

Neutralizing Filters

SOFTENING
Cold Lime Softeners
Hot Pressure Lime Softeners
Ion Exchange Softeners

ALKALINITY REMOVAL
Weak Acid (Carboxylic)

Cation Exchangers
Spiit Stream Plants

DEMINERALIZING
Multi-Column Plants

Mixed-Bed Demineralizers
Portable "Deminrolit" Plants
Standard Package Units

MISCELLANEOUS
Fully Automatic Control Equipment
for ali Processes

Chemical Feeders
High Pressure Pumps for Boiler
Water Conditioning

Sterilizing Equipment
Carbon Filters

Atmospheric and Vacuum Degassers
Deaerating Heaters
Continuous Blowdown Equipment
Oil Removal Equipment
Conductivity Indicators
Automatic Hardness Testers

SPECIAL PROCESS PLANTS
Custom-Built Ion Exchange Equipment
incorporating fixed beds, moving beds,
resin membranes (electrodialysis)
for use in

:

Plating Bath Effluent Treatment,
Hydrometallurgy,
Waste Effluent Treatment,
Chemical Recovery Processes,
Separation of Rare Earths,
Radioactive Waste Treatment,
Decontamination of Heavy and

Light Water Circuits in Atomic
Reactors.

Write for your

copies of technical literature

on lONEXCO products
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• BRANCH NEWS

FREDERICTON
L\lo W. Sniitli, ju.E.i.c, Correspondent

Dr. K. F. Tupper, E.I.C. president,

\'isitiiijí thc hranch on February 18,

spoke about liis Russian tour of last

October.

Dr. Tupper was accompanied by Mrs.

Tupper, and by General Seerctary Garnet

T. Page and Mrs. Page.

Welconiing the guests to New Bruns-

wick were: Premier Hugli John Flem-
ming, Public Works Mínister J. Stewart

Brooks, and Mayor William T. Walker.

Othcr items of interest announced
were: award of life membership to S. W.
Babbitt; E.I.C. award to fifth-year en-

gineering student Mr. Gallant; and pres-

entation of Athlone Fellowship to D.
Hayward.

NOVA SCOTIA TECHNICAL
COLLEGE
John Jay, s.e.i.c, Correspondent

The annual Tech Ball, was held in

Halifax and the exhibits, centering around

a "space travei" theme, were judged by
prominent engineers and their \\ives.

For the first time, this >"ear, a cup was
presented by the Engineering Institute of

Canada to the department displaying

the best exhibit. J. D. Kline, past chair-

man of the Branch, presented the trophy
to the winning civil engineering depart-

ment. Their model of a domed cit>- ex-

pressed their idea of a cit>' for another
planet. Other exhibits included models
of rockets, space stations, and space cos-

tumes.

SUDBURY
Fred Jackson, m.e.i.c, Correspondent

MODERN ELECTRICAL CONTROL IN THE
MINING iNDCSTRY was discjssed by Eric

Oldfield, of Canadian Westinghouse Ltd.,

at a meeting on March 12, 1959. Means
of eléctrica! control of mining and reduc-
tion equipment were reported.

NIPISSING AND UPPER
OTTAWA
D. J. Thornton, s.e.i.c, Correspondent

J.
\\'. "Wes" McXutt discussed the Rus-

sian Lumber industry, and the role of

the engineer, at a meeting on Januarx'

14. He is tile president of Wm. Milne
Ltd., and Moose Lake Lumber Co.,

Xorth Ba\-. His talk was based on a

three week visit to Rússia in 1956.

Nipissing and Upper Ottawa Branch,
front, R. Prescott, Chairman J. S. Cooper.

J. Warburton; back, G. M. Goodreid,
R. S. MacLennan. P. Rebin. J. Ros-

borough.

Plastic piping for industrl\l pcrposes

was discussed by J. E. McEwen,
M.E.I.C., on February 11. This monthly

dinner meeting was held at Temiskam-
ing. Que. Mr. McEwen is in the plastics

division, of Rahn Metals Limited, Xorth

Bay, Ont.

He described some of tiie thermal

molding operations b>" which resin be-

conies the finislied product: e.g. settinc.

injection, or extrusion molding. Propcr-

ties of pol> eth\ Iene, pol\ vin> Ichloridi

and mlon were discu.s,sod and of the

ne\\l\- developed poKpropxlene, which

seems to ha\e unlimitcd possibilitic--

Uses and applications of plastic pipin.,

were demonstrated.

A
THE MOST
IMPORTANT DECISION

If you are an executive in any or-

ganization, large or small, the major

decísion whieh faces YOU is the most

importam in the world. If it's an engi-

neering decision, let Stone & Webster

share it with you.

Big job or little, it is a matter of

policy at Stone & Webster that when

engineering specialists are assigned to

your problem they share your hopes,

your worries and your financial limi-

tations as members of your own staff.

Pui Stone & Webster's experience

to work for you.

STONE & WEBSTER
CANADA LIMITED

44 King Street West — Toronto 1
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PERMANENT . . . "Stelcoat" has the strength that

only Steel can give, and with normal care will

provida long and satisfactory service.

ECONOMICAL . . . "Stelcoat" needs less structural

support than other materiais and lends itself

to streamlined building methods.
MODERN . . . "Stelcoat" is eííicient and versatile,

to satisfy the colourful requirements of

present day design.

Stelco's contínuous galvanizing process bonds

zinc to Steel so tightly that the coating on

"Stelcoal" Sheets will not flake, peei cr chip,

even when worked to the limits of the steel

itself. "Stelcoat" Sheets are available ílat, corru-

gated, fluted or ribbed, from ali leading fabrica-

tors in Canada.

FOR FURTHER INFORMATION CONTACT ANY STELCO SALES OFFICE

THE STEEL COMPANY OF CANADA, LIMITED )^ké.
Execufive Offices: Hamilton and Monfreal

Sales Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor, Winnipeg,

Edmonton, Vancouver, J. C. Pratt & Co. Limited, St. John's Newfoundland. 58073.B
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At the Eastem
Townships Branch
meeting of Febru-
ary 20: Geo. M.
Dick, Councillor
Ben Baker, speaker
G. B. Buli, Chair-
man G. P. Cote,
and E. T. Webster.

• BRANCH NEWS

EASTERN TOWNSHIPS

Jean Bourassa, jr.e.i.c, Correspondent

ExIT AND RE-ENTRY PROBLEMS OF

MissiLES ANO ROCKETS were presented by

Dr. G. B. Buli at a meeting of February

20, 1959. Dr. Buli is superintendent,

aerophysics wing, Canadian Armament
Research and Development Establish-

ment, Valcartier, Que.

The speaker told of the problems en-

countered in aerophysics and of the Can-

adian research and achievements, from

the first experiments at Baddeck, fífty

years ago. The modest wind tunnel at

the University of Toronto in the 1920's

was described. There was also illustration

and details of experimental work being

done at CARDE on test models pro-

pelled in tunnels simulating space ílights

at very high speed.

SASKATOON SECTION

Roger Dupuis, m.e.i.c, Correspondent

Stxtdents PAPER NiGHT was attcndcd by
31 students and 14 members. The Stu-

dent Section was very successful in ali

phases of the arrangements.

Adjudication was in the hands of Dr.

F. H. Edmunds, Department of Geology,

University of Saskatchewan. After hear-

ing four well prepared and ably dehv-

ered papers, he chose two winners, with

wholehearted approval of the meeting:

first, R. E. George; second, J. B. Frank-

hn.

Their subjects were, respectively,

"Run-in of Joiu-nal Bearings with Vari-

ous Lubricants", and "Feasibility of

Direct Current Transmission Lines".

UNIVERSITY OF
NEW BRUNSWICK
Hans Foerstel, s.e.i.c, Correspondent

Engineering Week the week of Janu-

ary 17-23, had these main events:

Wassail Dinner: traditionally, faculty

members, president of U.N.B., chainnan

of E.I.C. Branch told their stories and
jokes;

Social night: engineers entertain gals.

Hockeij game: Foresters vs. engineers.

with heavy losses, engineers won, 5-4.

Fihn night: Movies on the new Freder-

icton bridge, with comments by E. Don-
ohoe of Intrusion Prepakt Co. Ltd.

Engineering Formal: apex of the week.

well-attended; excellent music, crowning

of the engineering queen.

PORT HOPE
D. A. Runciman, jr.e.i.c, Correspondent

HlC.mv.W PLANNrNG AND URBAN TRAFFIC

PROBLEMS were discussed by A. J. Freed-

man, municipal studies engineering, Dept.

of Highways, at a meeting on Februarv

11, 1959.

Factors to be considered in planning

presents

NEW Two-stage Double-acting

Stationary Air Compressor

of Advanced Design

Type L 2000

Compact ^ Higli Efficiency

^ Ail-round Economy ^ Complete Reliability

The result of long research and development,

the L 2000 has been subjected to exhaustive

tests which have proved most satisfactory.

YOUR BEST INVESTMENT

Type L 2000 delivering 2,200 cu, ft.

Free Air per minute at 100 Ib per

sq. in. pressure.
Air Compressors & Pneumatíc Tools

CANADIAN BROOMWADE LTD. 144 Pork Lawn Rood, Toronfo, Ontário

Telephone: CLifford 9-6375 Telegraphic Address: "Broomwode Toronto"

Maritimes: Gill & Co. Ltd., Saint John, N.B. Quebec: Laurie & Lamb, Montreal 3, Que. Watson Jack-Hopkins Ltd., Montreal, Que. Rene Talbof Ltee., Quebec 2,

Que. Watson Jack-Hopkins Ltd., Quebec, Que. Ontário: Laurie & Lamb, Toronto 5, Ont. Watson Jack-Hopkins Ltd., Toronto 17, Ont. Tem Sales Co. Ltd., Toronto,

Ont, Watson Jack-Hopkins Ltd., North Bay, Ont. Watson Jack-Hopkins Ltd., Westboro, Ottawa, Ont. Huggard Equipment Co. Ltd., Port Arthur, Ont.

Manitoba: Huggard Equipment Co. Ltd., Winnipeg, Man. Saskatchewan: Western Equipment Ltd., Regina, Sask. Western Equipment Ltd., Saskatoorv

Alberta: Coutts Machinery Co. Ltd., Calgary, Alberta. Coutts Machinery Co. Ltd., Edmonton, Alberta. British Columbia: B.C. Equipment Co. Ltd., Vancouver

1, B.C. Watson Jack-Hopkins Ltd., Vancouver 9, B.C. Newfoundland and labrador: Dominion Machinery & Equipment Co. Ltd., St. John's, Newfoundland.

Issued by BROOM & WADE LTD., HIGH WYCOMBE, ENGLAND. Subsidiary Companles ond Aflents throughout the World. O 132SAS
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// you are concerned with

iUTOMATIC CONTROLLING AND REGULATING SYSTEMS .

this book will prove

invaluable to you
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An Automatic-Control System is one in which
the actual value of some controlled condition,

etc, is continuously compared with a desired

value and corrective action taken, dependent
e.g. temperature, fiow pressure, levei, pH
on the deviation between the two values,

without the intervention of the human ele-

ment. To be more exact, the system comprises

what is known as a "closed loop", formed
by a comparing and correcting chain of

elements.

Suc/i a "closed loop" consisfs of three main divisions:

(1) The measurement of the physical condition or quantity

(2) The comparison of the measurement with the desired

value (this desired value may, of course, be varied

by externai means)

(3) The movement of regulating device according to the

comparison obtained in (2) in such a way as to cause

the condition to be maintained at the desired value.

This book discusses the three types of control:

Proportional, reset and rate, and shows
how KENT Mark 20 controlling units are

employed for the automatic control of many of

the varlobles met with in modern industry, —
FIow . . . Pressure . . . Temperature . . .

Specific Gravity . . . pH . . . conductivity . . .

Liquid Levei . . . Caloriflc Value and Oxygen

P/ease write

for your

FREE copy of

Publication

No, 918

kentH GEORGE KENT (Canada) LTD.
Head Office and Manufacturing Plant

389 Horner Avenue, TORONTO 14, Phone CLifford 9-1 177

MONTREAL
1176 Sherbrooke St. W., VI. 2-4339

VANCOUVER
2760 West Broadway, BA. 9747

WINNIPEG
Mumford, Medland Ltd.

HALIFAX
Purves Industrial Soles



PLANT OR PROJECT SITE

A pre-fabricated bottom section of a new ice-breaker
for the Department of Transport being constructed
with Liquid Air 6024 Mild Steel Electrodes at Marine
Industries Ltd., Sorel, Que.

O MILD STEEL ELECTRODES

in action everywhere!
Regardless of where you use are

welding — in steel fabrication work

or in general maintenance — you

naturally demand and expect top

quality and operator-appeal in the

They Come To You Frorn L.A.'s
Modem Electrode l'lunt!

The complete line of Liquid Air
Mild Steel Electrodes comes to you
from L.A.'s big modern electrode
plant at Montreal. Enlarged consid-
erabK- in 1958 to nearly triple its

previous c-apacity to meet increas-
ing demands for ali types of L.A.
electrode materiais, this plant is

equipped with the very latest in

electrode manufacturing machinery.
High production eíificienc\- and
rigorous quality controls thus assure
you, the ultimate usar, of reliable

electrodes.

electrodes you use. To settle for less

invites trouble.

You get thís "raw material insur-

once" when you use Liquid Air's

MILD STEEL ELECTRODES.
Actual users will back us up on

this point! They ali agree that weld

metal quality and performance

characteristics of L.A. electrodes

are second to none. Prove this for

yourself by running a test now —
on any type of work calling for mild

Steel electrodes. Contact the

Liquid Air branch, store or dealer

nearest you for immediate delivery

of the electrodes you will require.

Canadían LIQUID AIR Company
LIMITED

BRANCHES, PLANTS, STORES AND DEALERS FROM COAST TO COAST.

• BRANCH NEWS

a new, or improving an existing road are:

population density of the area; land use

near the route, expected traffic densit)

on the proposed road, and many other^

SAINT JOHN
H. K. Larsen jr.e.i.c, Correspondent

PREsroENT K. F. TuppEB, ptesídcnt of

the Institute, visited Saint John on Feb-

ruary 19, accompanied by Dr. Garnet T
Page, general secretary. They were

luncheon guests of the executiva. The\

also attended a branch dinner, witli Mrf.

Tupper and Mrs. Page, at which meni-

bers had the opportunit\^ of hearing Dr
Tupper speak on tlie lnstitute's intema-

tional afEliations and on his recent trip

to the U.S.S.R. wth Dr. Page.

SASKATOON, Ladies Auxiliar)

Mrs. G. McKay, Correspondent

A NEW \\ omen's GROUP was organized in

Saskatoon: The Professional Engineerí'

Wives Club of Saskatoon.

Mrs. J. B. Mantle and Mrs. E. J. Cole

were in charge of an organizational

meeting at Clinton Lodge attended by

about 50 members. A constitution was

set up and the first executive was elected.

Honorary president is Mrs. Mantle.

Mrs. H. McL Weir was chosen as presi-

dent; other officers are: vice-p:esidents,

Mrs. E. Kent PhiUips, Mrs. A. E. Beaze-

ly; secretary, Mrs. W. G. McKay, trea-

surer, Mrs. J. G. Trotter; convenors,

Mrs. R. C. Strayer and Mrs. F. A.

Gerard. Another meeting was announced

for March 3.

SAULT STE. MARIE

R. L. Wimperis, jR E.i.c, Correspondent

"A GiFT OF Natttre", a picturesque but

non-technical film on h>dro develop-

ment in Ontário, was sho\\n at a meet-

ing on Januan.- 30. The film covers h\ dro

developments historicalh', including some

interesting íilm takcn during the actual

building of the earlier projects.

Professor E. Kemp, Professor of mining

and geolog\-. Michigan School of Mining

and Technologj-, Sault Ste. Marie, Mich..

was the speaker on Februar>- 26; his

subject: Geologic Time.

Geologic time is figtired by such meth-

ods as tlie rate of deca\- of Uranium or

Carbon 14 in tlie bodies of old ;inimals

and plants. By this scale the earth was

formed approximately lO.OtX") \cars ago.

TORONTO
G. Norton, jr.e.i.c, Corresiyondent

The future of met.\ls w;us the subject

discussed by Dr. L. M. Pidgotin on De-
cember 11, 1958. Dr. Pidgoon is head

of the department of metallurgical en-

gineering, I.'ni\orsit\' of Toronto.
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Wheels
ín the BLOCK BUSINESS

TIMBERLAND

BLOCK5

The line grooves of Timberland wire rope blocks are flame-hardened. Wire rope does
not mark these grooves . . . groove retains its surface and shape— greatly extending
wire rope life. Ali Timberland Rollalloy blocks are mounted on roller bearings.
Housings cup around the sheaves and prevent cable fouling. Require only seasonal
lubrication.

Buy the Block That Pays For Ifself
Remember— these quality features not only ensure maximum safety and long life but
return real dividends through savings in wire rope costs. Whatever your requirements,
a Timberland engineer can help you get the proper blocks for the job.

Write or phone today for complete literature.

Canada's Hoist & Derrick People
MANUFACTURERS
OF CONSTRUCTION,
LOGGING AND
MARINE
EQUIPMENT

Head Office and Factory: WOODSTOCK, Ontário

BRANCH OFFICES: PORT ARTHUR, ONTÁRIO, NORTH BAY, ONTÁRIO, MONTREAL, P.Q.

designed and
built in

Canada
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GENERAL AAOTORS BUILDING
Calgary, Alberta

Heated by a 100 H.P. Starfire outomotic, low-pressure steam boiler.

Architects: Moody-Moore limited

Associate Architect: J. A. Cawsfon
^

General Contractors: Dominion Consfruction Company

Heating Contractors: F. Deeves & Sons Limited

• Starfire Automatic Boilers Reduce
Costs 8ind Breakdowns

• Most modern combination boiler

and oil-or-gas firing unit— 9 H.P,
to 500 H.P.

• A complete unit — compact design
fits into small boiler-room space —
and easy to install.

• No foundation or large chimney
needed (requires only vent pipe to

clear surrounding building) — con-
nect to steam, water, fuel and elec-

tric lines—and it's ready to operate.

• Economical.

Wore fhan a century

of specialized experience

VOLCANO LIMITED
8635 St. Lawrence BIvd., Montreal, Que.

Works: St. Hyacinthe, Que.

Branches: Toronto • Quebec City

Sales and Service Representafives

in ali principal c/t/es

CANAbA'S LEADING MANUFACTURER OF AUTOMATIC HEATING EQUIPMENT

• BRANCH NEWS

He divided the 16 most abiindant

metais into four groups—precious, classi-

cal non-ferrous, modem non-ferrous,

manufactured metais. He discussed each

group in terms of the required capital

structure, the complexity of the metal-

lurgy, the marketing problems and the

ratio of production cost to selling price.

It was said to be possible that alumin-

um, iron, magnesium and titanium will

prove to be the most widely used metais,

particularly in view of the advent of

atomic energy.

Dr. a. I. Johnson, Associate Professor.

Department of Chemical Engineering,

Universitj' of Toronto, spoke at the meet-

ing of February 19, 1959. His subject

was High Speed Photography in Chemi-
cal Engineering.

To illustrate the problem of observing

phenomena, Dr. Johnson outlined some
typical speeds: 22 ft/sec. for the four

minute mile; 100 ft/sec. for a 70 m.p.h.

train; and 3000 ft/sec. for a buUet. The
phenomena which he was studying were

in the order of 100 ft. per sec. in one

case, and once every 1/300 of a second,

in another.

Camera speeds vary from 16 to 6,000

frames per second. Time magnification

results when high speed movies are

showTi at sLxteen frames per second. For

instance, pictures taken at 6,000 frames

per second reqiiire 150 seconds of \iew-

ing for each second of exposure. Use-

fulne^s of the technique was demon-
strated by pictures of circulation pattems

in drops, formation of air bubbles, air

atomization of liquids, nucleate boiling

from a hot wire, and mixing of liquids.

UNIVERSITi' OF ALBERTA
Electioxs of Officers for 1959-60 re-

sulted in the following list of oíBcers:

President, Jim Ford; vice-president, Den-
nis Lindberg; second NÍce-president,

Bob McKenzie; Secretary, Elgie Mc-
Grath; Treasurer, Rae Donald, social

convener, Ron Bullen; sports director,

Ray Speer.

WINNIPEG
P. M. .\bel, jR.E.i.c, Correspondem

The Brandon GENER.\TrNC St.\tion, its

design, construction and operation was
discussed and illustrated by four speak-

ers from tlie Manitoba Hydro-Electric

Board, on February 19, 1959. They were:

\. W. Knight, engineer, J. Karras, en-

gineer, J. Shipper, clectrical construc-

tional engineer, and S. C. Irving. supor-

intendent; introduced by J. R. Rettie,

manager, engineering and construction

division.

The discussion included a general re-

\'iew of the ci\ il, mechanical. electrical,

and operating features incorporated into

the Brandon gencrating station. This is

a steam tiirbine station of 132.000 k-xv.

capacit> , recentlv- completed and placed.

into operation b\- Tho Manitoba H>-dro-

Electric Board.
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E.I.C. Elections

and Transfers
A number of applications were present-
d for consideration and on the recom-
inendation of the Admissions Committee,
the following elections and transfers were
effected at a meeting of council in Febru-
ary 1959.

Member: B. B. Babicki, Vancouver; R.
Farrand, St. Johns, Que.; J. W. J. Lewis,
Winnipeg; A. C. McDonald, Sarnia; O. G.
Moffat, Hamilton; H. W. Moxon, Peterbor-
ough; R. J. Oliver, Ottawa; A. G. Patil,
Montoursville, Penn.; G. L. Ray, Calgary;
M. W. Shishakly, Montreal; T. R. B. Wat-
son, Toronto.

Júnior: G. A. Escher, Montreal; M. A.
Fraser, Montreal; A. Galatis, Montreal;
A. A. Palajs, Montreal; M. V. Price, Mont-
real; R. C. Stutchburg, Baie Comeau.

Affiliate: H. F. Neuman, Calgary.

Member: J. A. M. Bell, Montreal; R. T.
Crawford, Calgary; L. Griffith, Texas.

Júnior: B. H. L. Tache, La Prairie.

STUDENTS ADMITTED
University of Toronto: C. Alexopoulos; A.
J. Barone; D. H. Blenkarn; R. M. Bodrug;
P. I. P. Boulton; F. G. Bowyer; J. H. E.
Cracknell; B. A. Didyk; J. M. Farley; R.
D. Foster; G. D. Gamsby; H. M. Goodfel-
low; B. C. Gregory; R. E. Howard; R. R.
Hudgins; W. P. Inksetter; W. F. Johnson;
E. Kovacs; D. K. Laine; J. T. Lawrence;
D. J. Morton; M. L. Pearson; M. G. Quaid;
E. W. M. Rankin; J. B. Ridpath; D. C.
Robinson; A. C. Shaw; L. W. Sobczak; T.
H. Topper; W. S. Wei; I. M. Wilson.

University of New Brunswick: D. W.
Bates; W. H. Batt; W. W. Beairsto; P. S.
Belyea; L. G. Blight; K. T. Brodersen;
D. Bryant; L. J. E. Byer; D. C. Champion;
VV. F. Cunningham; G. B. Ducharme; M.
A. Dunphy; A. B. Estabrook; D. A. Lutes;
R. D. Mongtomery; I. Nemet; K. B. Por-
ter; E. C. Read; B. O. Sauer; H. W. Shep-
hard; E. E. Sherrard; L. C. Sherwood;
G. D. Stevens; L. O. Taylor; L. S. Wilson.

University of Western Ontário: G. W.
Bailey; K. B. Bie; L. J. Budden; J. G.
Duncan; M. E. Fraser; J. E. Gardner; R.
A. Grace; J. K. Holmes; M. F. James; H.
N. Kagawa; S. J. Palka; G. N. Steels; J.
Westeinde; F. R. Wiesegger; G. R. Wil-
mott.

Canadian Services CoUege: R. H. Crane;
A. T. Downs; L. A. Gibbon; R. J. Kovacs;
S. A. Money; S. C. Shepherd; D. C.
Smith; M. B. Sullivan.

St. Joseph's University: E. D. Boudreau;
P. A. Comeau; P. A. Dysart; P. Gaudet;
C. Levesque.

McMaster University: J. L. Antikian; J.
Van Arragon; G. A. Roeder; D. H. Smith.

University of Sherbrooke: G. Lallier; C.
Lauzier; B. Letoumeau; J. R. G. Pelletier.

St. Francis Xavier University: K. L. Chis-
holm; L. J. Torok.

University of British Columbia: K. Dau.

University of Alberta: R. P. Parish.

Massachusetts Institute of Technology: V.
Mashaal.

Sir George Williams CoUege: T. Katz.

Queen's University: L. G. Smith.

A.P.E.O.: J. R. Grant.

Applications Through Associations
By virtue of the co-operative agree-

ment between the Institute and the Asso-
ciations the following elections and
transfers have become effective.

ALBERTA
Members: A. Bellingham; W. R. Campbell;
F. E. Deakin; R. R. Gregory; L. S. Szabo.

Júnior: H. Quintilio.

SASKATCHEWAN
Member: G. S. Sanders.

E.I.C. ANNUAL MEETING, 1959

TORONTO, JUNE 8, 9, 10

NEW!

2%-lb.

Pressurized

Dry Chemical

i

Kidde

telss leVer,!
I '^•^hRge AT BASE OF f^**

5-lb.

Pressurized

Dry Chemical

Kidde dry chemicals

kill more fire faster!
Granted top rating by Underwriters' Laboratories, these two new
Kidde dry chemical extinguishers pack the extra punch you need to

knock out stubborn blazes. These 2V2- and 5-pound Kidde units put
out as much fire as eight and sixteen one quart carbon tetrachloride

portables respectively. They are perfectly balanced for fast action,

are hght in weight, easy to operate even while wearing gloves. And
— no pin to remove, no valves to turn, no inverting or bumping
needed. Just aim at fire and press the lever! Pressurized, they can
be easily and quickly recharged with air or nitrogen. No pressure

cartridge needed. Write for more information on these new Kidde
extinguishers — easiest-to-operate dry chemical portables on the

market today!

Walter Kidde & Company of

Canada Ltd.

Montreal —Toronto—Vancouver
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LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY»REVIEWS •BOOK NOTES • STANDARDS

BOOK NOTES

Prepared by the Library, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Library in New
York.

"SYMPOSrUM ON ELEVATED
TEMPERATURE STRAIN GAGES

Foiírteen papers and a panei disciis-

sion covering various types of strain

gages, including resistance wire, metal-

film, foil, and optical; gage alloys, bond-

ing agents; and temperature compensa-

tion techniques. The symposium was
sponsored by the Aeronautical Structures

Laboratory, Naval Air Material Center in

1957. (Philadelphia, American Society

for Testing Materials, 1958. (s.t.p. no.

230.) 163p., $4.50.)

geological structures and maps,

2nd ed.

In this enlarged edition, material has

been included which will be particularly

useful to civil and mining engineers. The
first section of the book consists of a

sm"vey of the principies of interpretation

of geological maps, including sedimen-

tary rocks; outcrops; folds; faults;

erosion; igneous beds; drift deposits; oil

bearing structures; borehole and shaft

sections; location of concealed coalfields

and planning the development of mine
workings. The second section contains

maps and exerci.ses based on the te.xt. (A.

Roberts. London, Cleaver-Hume, 1958.

92p., 12/6.)

"PtTNCHED CARDS: THEIR APPLICATIONS
TO SCIENCE AND INDUSTRY, 2nD ED.

Beginning with an introduction to the

use of a simple punched-card file, the

book continues with case histories of

punched-card applications including the

Peek-a-Boo System, the Uniterm System,

mechanized coding and searching tech-

niques applied to the metallurgical litera-

ture, the Zato-coding System, and the

use of punched-cards in linguistic analy-

sis as applied to ancient texts such as

the Dead Sea Scrolls. This is follovv'ed by
fundamental considerations in coding and
system design, future possibilities, and

an annotated bibliography on the uses

of punched-cards. (Ed. R. S. Casey and
others. New York, Reinhold, 1958. 697p.,

$15.00.)

FUNDAMENTALS OF PIPE DRAFTING

Intended for drafting students with a

basic knowledge of mechanical drawng
who wish to develop skill in pipe draft-

ing. It covers piping s>inbols and their

representation; diagram drawing; con-

trols; pipe and pipe fittings; specifica-

tion of partS; dctail dra\\'ing. The text

includes problems and a glossary of pip-

ing terms. (C. H. Thompson. New York,

Wiley, 1958. 66p., $3.50.)

GROUNDS MAINTENANCE HANDBOOK

This volume covers all aspects of

maintcnance from tlie selection of land

to the methods necessari' to keep tlie

area in first class condition. It covers

planning; tlie growth and maintenance

of turf; planting and care of trees.

shrubs and perennials; equipment main-

tenance and use; disease, insect and weed
control; soil erosion; roads and parking

áreas ; materiais specifications; mainten-

ance of picnic áreas. The author is now
a landscape artist with the Power Author-

ity of the State of New York on the St.

Lawrence Power Project. (H. S. Cono\"er.

New York, Dodge, 1958. 501p., $10.75.

GENER.\L THEOBY OF
ELECTRICAL MACHINES

Based on a graduate course given at

Imperial College, this ^•olume presents

a general tiíeor)' applicable to all t>pes

of electrical machines. The subjects

covered include methods of analysis of

machines; d.c. and a.c. machines; d.c,

machines in control systems; a.c. opera-

tion of synchronous and induction ma-
chines; metliods for generator and s>s-

tem analysis; the generalized rotating

machine. A chronological bibliograph>

covering the > ears 1923 to 1954 is in-

cluded. (Bernard Adkins. Toronto, R\ er-

son, 1957. 236p., 89.00.)

\\'Ho's WHO IN WORLD AVIATXON AXD
ASTRONAUTICS, 1958

There are over 3000 biographies in

this second edition of a useful director.-,

which, in spite of its title, is concerned

mainly witíi residents of the United

States. The persons included are officials

of aircraft, engine and associated indus-

tries, scientists, air force officers, govem-
ment officials and otíiers who ha\'e taken

an interest in or contributed to a\iation,

astronautics and allied fields. (Ed. by
M. E. Grambow. Washington. American

A\iation Pubs.. 1958. 497p.)

.AGREGATS LIANTS ET BETONS
HYDRAULIQUES, ACIEBS ET METALS VSVELS

The first section of this \olumc deals

with various kinds of aggregates for h\-

draulic concrete, hydrocarbon concrete,

and concrete used for roads. The second

section considers limes and ccments used

in construction, \\'ith standards for thcir

manufacture and use. Mortars and hy-

draulic concrete are discussed in tlie

third chapter, and steel and otlier mctíú

used in construction in the last. The
book contaias a great deal of vory de-

tailed information. (J. Arrambide and

M. Duriez. Paris, Editions du Monitour

des Travaux publics, 1958. 596p.. 2475

fr.)

TABLES ABREGEES DE PUISSANCES ENTIERES

Tables prepared especialh- for use witli

calculating machines, giving whole

powers of nunibcrs higher tlian cube.

Thcse powers are given in the tables to

teu, and sometimes to fiftcen sipiificant

figiues. The author explains the mothod

hy which the tables ha\ o Ix^en calculatcd

in his intrcxluction. and also oxplains

thcir use. The tables ha\e boon printod

THE ENGINEERING INSTITUTE LIBRARY

The publications mentioned in these Notes are now availahlc in the Library.

Members of the Institute maij borroiv books, periodicals, pamphlets, etc. from
the Library. The loan period is two weeks, exchtding time in transit, and
two items may be horrowed at one time. Library hours are: Monday to

Friday: 9 a.m.—5 p.m.; Saturday: 9 a.m.—12 noon.

Because of a recent change in policy, publications (except periodicals

puhlished by other engineering societies) may no longer be purchased through
the Library. If members have difficulty obtaining material locally, it is sug-

gested they write to the Library, and the enquiry will be forwai-ded to an
appropriate bookseller. For further information write to the Librarian.
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Creative engineering from JkRMC0

A report from the Head Office in Guelph, on

building bridges...saving lives...developing a product

How to Build a Bridge on Loose Rock

The Trans-Canada Highway Engineers

had a problem. For thousands of years,

the Kicking Horse River had been cut-

ting its way through the rock, leaving

steep, shifting banks over the loose,

Linstable river bed. Building a bridge

here would be no picnic . . . but it had
to be done.

Armco engineers had often ex-

changed ideas with the bridge builders

on foundation problems. So, the two

engineering groups got together. Once
again, a practical, economical solution

was found in Armco products.

First, build steel caissons on the job

from Armco Liner Plate. Sink them in

the shifting bedrock and fill with con-

crete for solid foundation piers. Next,

shore up the steep banks with Armco
Bin-type Retaining Wall for complete

protection against slippage.

The Yoho Bridge project was
completed on schedule.

It proved two things: the quality

and superior adaptability of Armco
Construction Products . . . and the

ability of the Armco Engineers to go

into the field and create a practical

solution to an unusual problem.

How to Cut Highway Fatalities 100%

The Soulanges Canal parallels the high-

way west of Montreal. It's a pleasant,

peaceful drive . . . nowadays! Not so

between 1924 and 1951. In those 24

years, 72 accidents were reported along

this stretch of road ... 39 ending in

drowning of one or more persons.

The Highway Engineers needed
something more than wood railings and
wire to protect the motorists. They
chose Armco Flex-beam® Guard-
rail as the only product with the superior

design qualities they needed. Since

Flex-beam Guardrail is flexible, it

deflects out-of-control vehicles parallel

to the rali . . . in other words . . . back on
to the road. It does not "pocket" to

cause bone-shattering, high impact
stops. Deep corrugations reflect light

from ali angles for high visibility night

or day . . . in rain or fog.

Here's the proof: in 1951, Armco
Flex-beam Guardrail was installed

between the highway and the canal.

Since that time . . . there have been no

accidents reported!

Flex-beam Guardrail did a better

job . . . because it is a better product!

How to Design a Steel Building that Lasts

When Armco Engineers designed their

first Steel building, they created a tough

set of specifications. The steel building

had to be inexpensive to buy and easy to

erect . . . easy to insulate and finish

inside, and adaptable to any size, shape

and exterior trim. It had to be excep-

tionally strong, fireproof, weatherproof,

easy to add to, or take down and move
to another location.

Much of the success of the Armco
Building System stems from the exclu-

sive Steelox® Panei. A sheet of 22-

gauge steel has little beam or column
strength, but formed into a Steelox
Panei, it becomes a column capable of
carrying over 1000 pounds and a beam
that can support several hundred. The
secret is in the Steelox Joint . . . the

remarkable design feature that interlocks

the paneis for a weather-tight seal. Each
pair of paneis is assembled with only

four bolts ... no projecting bolt heads
to mar the exterior surface and create

corrosion pockets.

The proof that the Armco Engi-

neers did their job well, is in the wide
acceptance of Armco Steel Buildings by
industry, government and commerce.

For fuU information on these and other quality Armco Construction Products,

write to Armco Drainage & Metal Products of Canada Ltd., Guelph, Ontário.

To serve Canadians . . . ARMCO creates the jinest steel construction products!

ARMCO DRAINAGE & METAL PRODUCTS
of Canada Ltd.

Vancouver • Calgary • Edmonton • Regina • Winnipeg • Toronto • Ottawo • Montreal • le Pont de Quebec • Sockville
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• LIBRARY NOTES

h\- photographing the original hand-
wiitton slieets, to avoid error in com-
position. (P. Montagne. Paris, Dunod,
1958. 41 Ip., 5,600 fr.)

PRECIS D ELECTROTECHNIQUE A
l'uSAGE DES INGENIEURS

Translatcd from the English edition,

Basic Electrotochnics, this volume is in-

tonded as a toxt for electrical engineer-

ing students, and covers basic electro-

inagnetic tlicory. The topics dealt with
include steady and alternating current

tiíeory, electrostatic fieids, condensers

and dielectrics, electrodynamics, the cal-

culation of magnetic fieids, Maxwell's

equations and electromagnetic waves,

generators and other apparatus. (B. L.

Goodlet. Paris, Dunod, 1958. 354p.,

3300 fr.)

CIRCUITS A RELAIS ET AUTOMATISMES
A SEQUENCES

In this volume the author presents

methods for the analysis and synthesis

of relay circuits in calculating machines.

The first three chapters contain a gen-

eral survey of tlie subject, the opera-

tion of the machines, some examples of

circuits, and an outline of coding and
programming. The remaining chapters
consider in more detail the two funda-
mental problems connected with this

subject, the systematic simpMication of

logical functions and the establishing of

contacts to satisfy a given system of

logical equations. (P. Naslin. Paris, Du-
nod, 1958. 240p., 2700 fr.)

MESURES EN RADIOTECHNIQXJE

Intended as a handbook for students,

to bridge the gap between theoretical

courses and actual practical applications,

tliis text tries to give general principies

rather tlian actual experiments. The
eleven chapters cover: general charac-

teristics of materiais and of measuring in-

struments; circuits; low, and very high

high frequency measurement; vacuum
tubes; high frequency impedance mea-

surement of radioelectric frequencies;

transmitters; electromagnetic fields; re-

ceivers. (E. Fromy. Paris, Dunod, 1958.

784p., 9800 fr.)

"scientific uses of earth satellites,

2nd ed.

The present edition has been enlarged

to the extent of almost being a hand-

book of earth satellites. Those áreas most

extensively revised are the orbit of a

small earth satellite, insolation of the

upper atmosphere and of a satellite,

meteorological measurements and mea-

surements of the earth's magnetic field

from a satellite vehicle, ionospheric

structure as determined by a minimal

artificial satellite, and measurements of

interplanetary dust. (Ed. by J. A. Van
Allen. Toronto, Ambassador, 1958. 316p.,

$13.50.)

UNFIRED PRESSURE VESSEL

CODE SIMPLIFIED

This latest edition is based on the

A.S.M.E. Code and contains simplified

charts for internai and externai pres-

sure; shell thickness, flanged and dished

head tíiickness, flat head thickness, flat

cover plate thickness and openings and
reinforcements, externai pressure on
heads, stamping, head and shell volumes,

weldlng qualification positions, new In-

formation on magnetic particle and pene-

trating oil tests, plate Identification, non-

identified material, articles on Canadian

pressure ^essel requirements, the Code
symbol and certificate procedure to fol-

low to obtain them, and welded repair

procedure. (R. Chuse. Leonia, N.J., 1958.

48p., $6.50.)

RADIO COMMUNICATION

The fundamentais of radio communi-
cation theory are presented in this text

which is written at the undergraduate

levei. Some of the topics covered in-

clude: circuits; transformers; sound re-

production; radio transmission and re-

ception; feedback; amplifiers; oscillators;

modulation; radio \va\es; transistor am-
plifiers, etc. The book is wTitten from

the \ iewpoint of the engineer rather than

the mathematician. (W. F. Lo^-ering. To-

ronto, Longmans Green, 1958. 536p..

$10.80.)

ELECTRONIC DIGITAL COMPtrTERS:
THEIR USE IN SCIENCE AXD
ENGESTEERING

The emphasis in this \ olume is on the

operation rather dian the design of com-

puters, and the capabilities and uses of

tlie various t)"pes of machines are dis-

cussed. The author first considers func-

tions, components, number representa-

tion, memory, input and output. Other

chapters co\er coding and programming.

problem analysis and machine operation.

There is a useful bibliography. (F. L.

Alt. New York. Academic, 1958. 336p..

$10.00.)

UPLIFT IN GRAVITY DAMS

The autlior's first publication on the

subject of uplift was a letter which ap-

peared in Nature in Januar\' 1942. He
has since published se\eral papers and

reports, and this volume presents his

latest theories. The first two chapters

discuss the different tlieories which ha\e

been adxanced for die calculation of the

pressure of water infiltrating through the

material of a gra\-it> dam. In the third

chapter, the various experimental ap-

proaches to the problem are considered.

and tiie problems associated with tíiese.

The final chapter discasses the metliods

of reducing uplift pressure and leakage

in dams b>- pro\iding a waterproof

screen. (Serge Lelia\sk>-. Toronto. Long-

mans Green, 1958. 267p., $9.00.)

"THOMAS TELFORD

The stor>- of a great Scots engineer

who built bridges. roads, aqueducts. and

canais. The author has ^^Titten a more

detailed account than has hitlierto been

a\ailable, and at the same time has

tried to present a portrait of Telford a.<

a man. In addition to liis great engineer-

ing feats. Telford served as first presi-

dent of the Institution of Ci\ il Engineers.

and occupies a signifioant place in the

lustory of engineering. (L. T. C. Rolt,

Toronto, Longmans Green, 1958. 21 Ip.,

$5.00.)

'.\XIAL FLOW COMPRESSORS

Beginning witli a brief review of basic

fluid d\iiamics and themiod\T»anucs, the

book continues with a discussion of two

Mechanical Properties of

NON-METALLIC BRIHLE MATERIALS $12.75

Edíted by W. H. Waiton, B.Sc, F.Inst.P.

Proceedings of the 1958 London Conference organ-

ized by the Mining Research Establishment of the

National Coal Board in Consultation with the Build-

ing Research Station (D.S.I.R.)

Session 1: STRENGTH IN COMPRESSION, TENSION,
BENDING AND SHEAR

Session 2: ELASTICITY AND CREEP

Session 3: DYNAMIC LOADING, IMPACT AND
FRAGMENTATION

Session 4: ACTION OF TOOLS

BUTTERWORTH & CO. (CANADA) LIMITED
1367 DANFORTH AVENUE, TORONTO 6. ONT.
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Mow . . . you can have

Grrinnell-Saunders*

Diaphragm Valves of

buctile

ron with

Glass-

ined

Bodies
After long research, Grinnell has available

top quality, corrosion-resistant glass lined

bodies for its line of rugged ductile iron

valves.

EXTRA TOUGHNESS The greater tough-

ness of ductile iron resists impact, torsion,

line strains and thermal shock. Grinnell-

Saunders valves of ductile iron handle

severe service requirements where both

internai and externai impact shocks may
be expected, and where piping stresses

from rapid heating and cooling occur.

ECONOMY Approved and used by lead-

ing industries, ductile iron offers many of

the benefits of cast steel at a lower price.

*Saunders — Reg. Trade-mark

Of particular importance to users of

Grinnell-Saunders valves is that ductile

iron bodies can now be glass-linecl—a pro-

cedure not practical with cast steel bodies.

WIDE SELECTION Body linings: glass,

rubber, neoprene. Diaphragms: soft nat-

ural rubber, natural rubber, white syn-

thetic rubber, neoprene, reinforced neo-

prene, butyl, Hycar, Teflon, Kel-F, PVC
(polyvinyl chloride), polyethylene. Bon-
net materiais: ductile iron, grey iron.

Bonnet styles: handwheel (non-indicating

Stern or indicating stem), chain wheel,

lever for quick operation, and sliding

stem for a wide selection of power
operated topworks.

Important features of the

Grinnell-Saunders Diaphragm Volve

• Diaphragm completei/ isolates

operating mechanism from the

fluid in the line

• Diaphragm lifts high for full,

streamline flow in either direction

• Diaphragm effects positive, leak-

tight closure

• Diaphragm easily reploced with-

out removing volve body from
the line

L OPEN CLOSED

GRINNELL-SAUNDERS DIAPHRAGM VALVES
Grinnell Compony of Canada Ltd. * Edmonton • Montreal • Toronto • Vancouver • Winnipeg * Distributors in Principal Cities

pipe fittings * welding fittings * pipe hongers * valves * Grinnell-Saunders diaphragm valves * pip<

prefabricated piping • heating specialties * woler works supplies * Grinnell automotic fire protection systems
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dimensional cascadcs; pitch line design

of compressor stages; calculation of

losses, stage efficiencies, and character-

istics; compressor testing and instrumen-

tation; supersonic compressors. Extensive

references are given. (J. H. Horlock. To-

ronto, Butterworth, 1958. 189p., $8.00.)

'SAMPLED-DATA CONTROL SYSTEMS

Discusses the basic theory of sampled-

data control systems in particular and

circuits, netvvorks, computers, and sys-

tem engincering in general. A general

approach is provided to niixed digital-

analog linear systems along with a thor-

ough discussion of the z-transform

method which can be applied to a wide

variety of fields. Problems arising in

feedback control systems are solved and
discussed by means of application of

digital computers. General applications

of the z-transform method and the

operational solution of linear difference

equations are enumerated and clarified.

(E. I. Jury. New York, \Viley, 1958.

453p., $16.00.)

PROCEEDINGS OF THE CONFERENCE ON
THE PROPERTIES OF MATERIALS AT HIGH
EtATES OF STRAIN

This conference was held in London
in 1957, under the auspices of the In-

stitution of Mechanical Engineers.

Twenty-two papers were presented on a

subject which is becoming of increasing

importance. The paper at the first ses-

sion dealt with the deformation of soUds

at high rates of strain. The other sessions

considered experimental techniques,

metal working, impulse loading and
stress waves, non-metalHc materiais, and
basic properties of materiais. (London,

Institution of Mechanical Engineers,

1958. 268p., £3.3.0.)

"aMENAGEMENT, trriLIZATION ET PRIX

DE REVIENT DES USINES HYDRAULIQUES

This book is the first volume of a

treatise on hydraulic engineering. The
first part deals with the general

mechanics of hydraulic engineering,

equipment, analyses of power systems,

and the various aspects of electrical

power. Then the integration of water

power production into the total pro-

duction of the country, and the problems

of conservation of water supply are dis-

cussed. The last part deals with economic
factors involved in the production and
distribution of power. (H. Varlet. Paris,

Eyrolles, 1958. 21 Ip., 3,000 fr.)

"TOPICS IN ELECTROMAGNETIC THEORY

A unified treatment of topics in the

field of electromagnetic theory and mi-
crowave electron tubes. The first chapter

is devoted to periodic transmission sys-

tems and lays the groundwork for the

following chapters which deal with

propagation on a wire helix, concepts

conceming coupUng of modes of propa-

gation, and anistropic media with par-

ticular reference to the ferrite. (D. A.

Watkins. New York, Wiley, 1958. llSp.

$6.50.)

*JUNCTI0N TRANSISTOR ELECTRONICS

An attempt to provide engineers witl:.

a co-ordinated source of informatior-

about the characteristics and circuit ap-

plications of transistors. The first halí

of the book deals with low frequenc> .

linear applications and wãth background

device physics and characteristics. The
remainder of the book covers more gen-

eral network analysis techniques, a

greater variety of circuit appUcations.

more complicated broadband and high-

frequency circuits, and non-linear swátch-

ing apphcations. Useful tables of tran-

sistor circuit formulas and a substan-

tial number of numerical examples are

included. (R. B. Hurlev. \ew York

Wiley, 1958. 473p., $12.50.)

"tNTRODUCTION TO THE THEORETICAL
EXPERIMENTAL ANALYSIS OF STRESS AND
STRAIN

An introduction to the field of stresí

analysis that covers the theory of elasti-

city, dimensional analysis, mechanical

strain gages, brittle coatings, and grid

methods. The theory of elasticitj- is pre-

sented from the general three-dimen-

pacpipe

•FUME STACKS

•PULP STORAGE TANKS

•CROSS ARMS

At Alberní, B.C.

Write for free "Poepipe" catalogue.

PRCIFiC CDB5T PIPECxt-
701 BEACH AVENUE
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Edmonton depends on

15«tilc^y!

Every hour of every day Edmonton's

water works maintains a constant wa-

ter pressure . . . and BAILEY does iti

The Bailey Air Operated Control

System, automatically regulates two

15,000,000 Imperial Gallon capacity,

variable speed, high lift pumps each

fitted with a hydraulic coupling . . .

Here are the Pressure and Rate of Flow

records from one of these high Hft pumps.

Note what happened at 10.55 p.m. on

August 25th . . . the ílow increased 10.2

M.I.G.P.D. (67% of pump capacity)

almost instantaneously, and there was a

momentary drop in pressure of only 5 psi

!

During the 24 hours when these charts were

being recorded only one variable speed pump
was in operation . . . and its output repre-

sented approximately 20% of the total plant

output.

Every minute of every hour, Edmonton's

water supply depends on BAILEY

!
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sional point of \io\v, and althoiigli the

convfulioiíal parallolopipctl appioach is

iised, a riiíoioiis thcoietical develop-

mont is gi\on wIkm-c nt-cessary. Techni-

cal dotail has boon de-eniphasized in

favor of basic concepts which are applied

to thp solution of specific problems. (A.

1. Durolli and othcrs. Toronto, McGraw-
inil, 1958. 498p., $15.00.)

TIMBEH ENGINEERINC DESIGN

HANDBOOK

Written by three sénior officers of íhe

Timber Mechanics Laboratory of the

C.S.I.R.O., this handbook is intended

primarily for Australian engineers and

arthitects, biit will prove valuable to

ali those interested in timber construc-

tion. It covers the use of timber as a

structural material; design loads; design

stresses for solid timber; the design of

beams, columns, joints and trusses; glued

laminated construction; the structural use

of ijlywood; proof testing and preserva-

tion. The final chapter gives e.xamples of

timber structures, both in Austrália and

elsewhere. (R. G. Pearson and others.

Melbourne, University Press and Com-
monwealth Scientific and Industrial Re-

search Organization, Toronto, Macmillan,

1958. 248p., $5.00.)

"sewerage and sewage treatment,
8th ed.

The sewage project is covered from its

inccption to design, construction, opera-

tion, and maintenance. In this revised

edition, new material on oxidation ponds

has been included, and the attention to

practice in sludge treatment and disposal

has been increased. Additional informa-

tion is also given on the subject of stress-

pollution prevention and the oxygen-sag

curve. A review of the literature since

the last edition in 1952 is presented and
approxiniately half the illustrations are

new or revised. (H. E. Babbitt and E. R.

Baumann. New York, Wiley, 1958. 790p.,

$10.75.)

how to troubleshoot a tv receiver,

2nd ed.

New subjects in this revised edition in-

clude portable TV receivers, vertical chas-

sis, and printed circuits. The volunie is

concerned more with the location of the

fault in the receiver than its repair. (J. B

.

Johnson. New York, Rider, 1958. 150p.,

$2.50.)

METALLIC RECTIFIERS AND CRYSTAL
DIODES

A comprehensive discussion of the

principies and practices of metallic recti-

fiers and crystal diodes, tíieir applications

and practical possibilities. (Theodore
Conti. New York, Rider, 1958. irreg.

paging, $2.95.)

"iNTRODUCTION TO A STUDY OF

MECHANICAL VIBHATION, 2nD REV. ED.

Re\iews the elementary theorj- oí

mechanical \ibrations as well as some
of the more important vibration problems
encountered in practice. This edition

deals in greater detail with \ibration

amplitude in rotarj' machines and with

the principies of and the Instruments for

the measurement of vibrations. (C.

\'an Santen. Galt, Brett-Macmillan. 195S

310p., S8.50.)

*'PRESTRESSED CONCRETE: THEORY AND

PRACTICE

Discusses structural analysis, design,

and current practical procedures: tank^

and pipes; bridge deck analysis; defonn-

ation of prestressed concrete and trans-

mission length; overload, ultimatt

strength and partial prestressing; unit

niold and long-line systems; tlie Lee-Mc-
Call. Fre>ssinet. Magnel-Blaton, Gifford-

Udall. and other systems; friction; an-

chorage stresses; roads and runwaví

(P. B. Morice and E. H. Cooley. Toronto.

Pitman, 1958. 394p., 57/6.)

'causes AND PREVENTION OF COHROSION

IN AIBCRAFT

Considers such aspects as causes and
pre^"ention of corrosion in engines; cor-

rosion in electrical equipment; tiie elec-

troplating process; anodic o.xidation of

aluminum and chromating of niagnesium;

depend on

DART

/ Two
Bronze Seats

Ground to a
True Ball Joint

/
LRT UNION COMPANY OF CANADA

Heres why
SPUN ROCK WOOL

is the SUPERIOR
INDUSTRIAL INSULATION
In every industrial insulation application, Spun Rock
Wool will do a superior job, because no other
insulating material equals Spun Rock Wool in overall

advantages.

# Naturally resilient. Non-corrosive to metais.
Strong.

# Safe limil of 1200°F for continuous industrial

work.

# No binder to bum out.

# Holds up under constant vibration.

9 No heaith hazard. During installation, neither

gloves nor masks need be used.

# Maximum economic density of application is only

6-lbs/cu. ft., resulting in a saving in freight costs.

Spun Rock Wool is a superior insulation for every

application. Available in bulk, blankets and pipe

covering. Write today for a free Technioal Bulletin.

SPUN ROCK WOOLS
Limited

Thorold Ontário

«001

^^^«•j^^O^' Represented by:

Asbestos Ltd. Atlos Asbestos Co. Ltd.

Refractories Engineering and Supplies Ltd.
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TRISEAL SYSTEM
For Suspended

Lath & Plaster Ceilíngs
A complete and efficient system of fabricating ceilings that are

suspended on hangers, or directly attached to joists.

It comprises special Tri-Seal gypsum lath, the metal channels
needed to support the lath, and metal rods used to reinforce

plaster. Many successful installations throughout Canada.

Tri-Seal ceiling contains no combustible materiais, so is ideal

for fire-proof buildings.

DeSCriptive Folder Complete specifications and details of Tri-Seal
ceiling construction, will be sent promptly on request. Write to

anv of our offices.

B.C. Electric building, Vancouver:
Architects: Thompson, Berwick & Pratt
General Contractors: John Laing & SoN (Canada) Ltd.
Plastering Contractors; Ernest Dann Ltd.
Materials Supplier: McCleary & Weston Ltd.

. Tri-Seal

details

GYPR06
WALLBOARD • LATH AND PLASTER • SHEATHING • INSULATION

Products of GYPSUM. LIME & ALABASTINE
LIMITED

VANCOUVER • CALGARY • WINNIPEG • TORONTO • MONTREAL • WINDSOR, N.S.
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IF IT'S MINED,

PROCESSED,

OR MOVED...
...irS A JOB FOR

REDUCTION
EQUIPMENT

Jefrrey's files have the answers
to your questions on reducing

almost every conceivable sub-

stance. Our Reduction Engi-

neers have the history of ali

tests run on these materiais,

plus performance records on the

machines sold for their reduc-

tion. Let Jeffrey engineers,

backed by complete performance
records, specify the machinery
for your requirements.

MANUFACTURING COMPANY LIMITED

MONTREAL—TORONTO

HAMILTON—HALIFAX—VANCOUVER

O/sfribvfort in principal cititt

ELECTRIC VIBRATING MACHINERY

CHAINS • CONVEYORS • BUCKET ELEVATORS

CRUSHERS AND PULVERIZERS :

• LIBRARY NOTES

metallizing processes; paints, enamels,

vamishes and resins for protecting air-

craft components; non-destructive exami-

nation. (T. C. E. Tringham. Toronto,

Pitman, 1958. 124p., 25/-.)

"aerodynamics of supersonic flight,

2nd ed.

Covers flow in a duct, two-dimensional

flow, the obliqua shock, approximate

theories, supersonic wind tunnels, three

dimensional flow, and performance cal-

culations. This new edition contains ad-

ditional material on the aerodynamic

theory and the design of a simple super-

sonic wind tunnel as well as various re-

visions throughout the text. (A. Pope.

Toronto, Pitman, 1958. 243p., $3.55.)

TECHNICAL BULLETINS AND
PAMPHLETS RECEIVED

Architecture
Small house designs. Ottawa, Central

Mortgage and Houslng Corporation, 1958.

Asbestos
The Canadian asbestos industry, by E. J.

Bonkoff. Toronto, General Research As-
sociates, 1958.

Awards
S?ott Turner; Hoover medalist 1957.

New York, Hoover Medal Board of Award,
1957.

Construction industry
Should private firms plan public works?

bv Robert Moses. (Reprint from the New
York Times Magazine of Nov. 16, 1958)
(Some copies available in the EIC library.)

Foundations
Tables for the calculation of passive

pressure, active pressure and bearing
capacity of foundations, by A. Coquot
and J. Kerisel. Paris, Gauthier-Villars,
1948. 960 fr.

Mathematics
Cours d'exercices sur le cal"ul mathe-

matique: algebrique, differentiel and in-
tegral, by M. Laboureur. Paris, Librairíe
Polytechnjque Ch. Beranger, 1955.

Graded examples in mathematics for na-
tional certificate students. by E. G.
Shalders. Books 1, 2, and 3. London,
Blackie, 1958. 5/- each.

New periódica]
The first issue of Jl. of Engineering for

Power, one of a series of new quarterly
publications initiated by The ASME ap-
peared in Jan. Other quarterlies to be
issued by the Society during the year
under the general heading, Transactions
of the ASME. will be Jl. of Engineering
for Industry, Jl. of Basic Engineering, Jl.

of Heat Transfer and the long-established
Jl. of Applied Mechanios.

Porous materíab
Effect of temperature distributi^^n on

moisture flow in porous materiais, by W.
Woodside and J. M. Kuzmak, Ottawa,
N.R.C., Division of BuUding Research,
1958. (Research paper no. 68) 10c

A possible force niechanísm associated
with the freezing of water in porous ma-
teriais, by L. W. Gold. Ottawa, N.R.C.

,

Division of Building Research, 1958. (Re-
search paper no. 66) 25c

Sscholarships
Report on university support for scienoe.

engineering and medicine for the 42nd
year of operation, 1958-59. Ottawa, N.R.C.

,

1958. 50c

Soil mechanios
Soil moisture tension and ice segregation

by E. Penner. Ottawa. N.R.C., Division of
BuUding Research, 1958. (Research paper
no. 67) 25c

Burlington
Steel Co., Ltd

HAMILTON,
CANADA.
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KJCJbJmm Franlii Caissons Overcome Don tliver

Bridge Pier Foundation Prohlem

PROJECT:

OWNER:

LOCATION:

GENERAL
CONTRACTOR:

NO. OF FRANKI
CAISSONS:

WORKING LOAD:

ERAGE CONCRETED
LENGTH:

NO. OF STEEL-H

PILES:

AVERAGE LENGTH:

Bridge

D.H.O.

Don River and
H'way 401—
Toronto

Steed & Evans Ltd.

Maple, Ontário

112

100-tons

15'-25'

120

72'

{ i

Problewn
To arrive at the most practical and economical foundations for bridge

piers which had to be built over 30' of compact sand topped by aboul

16' of soft clay. (See sketch.)

Solution
Franki Caissons were used for the pier foundations, obtaining high

load capacity in the permeable sand layer, at economical depths.

For the abutments, with lighter loads and a considerable thickness of

compacted fill to penetrate, Steel-H Piling was used. To obtain ade-

quate bearing, the Steel-H piles had to be driven to the tili.

This illustrates well the considerable soving in length and cost thot

can be achieved by using Franki Caissons where the soil is granular.

Literature — This

series of iob higli-

lights, as well as

other descriptive

literature, will be

sent to you upon

request to franki

of Canada Ltd., 187

Graham BIvd., Mont-

real 16, P.Q.

MIE
NADA LI IVI ITED

Head Office: 187 GRAHAM BLVD., MONTREAL 16, P.Q.

QUEBEC OTTAWA TORONTO EDMONTON VANCOUVER



NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

MANITOBA

Public Relations

by R. VV. Hutchinson, P.Eng.

From The Manitoba Professional En-
gineer, March, 1959, an abstract.

The pubhc respect afforded the pro-

fession is proportional to the effective-

ness of its pubhc relations program. The
engineering profession, perhaps more
than any other, has a need for a solid

piiblic education program. Our very

name "engineer" has a broad applica-

tion used to describe anybody from a

locomotive operator to a rocket scien-

tist. Most of US do not deal directly

with the public and hence our exact

function is not clear to many people.

The responsibility of good public re-

lations rests not only with Council and
the public relations committee, but also

with the -membership at large. One of

the most encouraging signs in recent

years is the increased interest the pro-

fessional engineer of Manitoba is show-
ing in his Association. For e.xample our

Committee is at present offering a ca-

reer advisory program for high school

students. The response to our request

for speakers has been most gratifying

and this program is providing sound
guidance for future engineers as well

as helping many professional engineers

to develop their ability to speak in pub-
lic and enhance their profession.

QUEBEC
Results of the 1958 Salary Survey

The BULLETiN of tlic Corporation of

Professional Engineers of Quebec fea-

tures tables and graphs illustrating the
findings of the survey it made last year.

These notes are given:

Median salary of Quebec engineers

did not change from last year; it re-

mained at $7,800, after experiencing in-

creases in 1957, 1956 and 1955.

Average of the changes in income
earned at the median levei by years of

engineering experience amounted to a

0.7% increase as against 5.1%, and 7.8%

in 1957 and 1956 respectively.

Average of the changes in income
eamed at the median levei by each year

of graduation or equivalent amounted to

a 4.6% increase as against 9.3% and
12.2% in 1957 and 1956 respectively.

Consulting remained the field of

work where earnings are the highcst;

median income of engineers engaged in

this field was $8100, and 25% of them
had earnings equal to or greater than

$12,000.

Engineers holding executive positions

form the best-paid group; median in-

come of these engineers was $10,850.

Figures clearly show that, as time

progresses engineers 'migrate' from non-
supervisory work into work of a super-

visory nature and eventually into man-
agerial functions.

If we had to select a 'typical Quebec
P.Eng.', using as the basis the informa-

tion made available through the survey,

the engineer selected would have grad-

uated in the last ten years and would
have supervisory responsibilities in in-

dustry.

BRITISH COLUMBIA

The University and You,

by G. E. Baynes, P.Eng.

An editorial in The B.C. Professional

Engineer, February, 1959.

A committee of engineering graduates

was recently established by the U.B.C.

Alumni Association to discuss with the

University the appointment of a new
Dean of Applied Science. This commit-
tee consisted of Harold P. Moorhead,
P.Eng., Rod Lindsay, Dave Brousson,

Terry Lynch, Alumni Director John
Haar, and the writer.

Our help to the University was al-

most significant and we believe tliat it

will be difficult to replace a nian of

Dean Henry Gunning's calibre.

However, what we did learn about
the problems of the University, and par-

ticularly of the engineering faculty, was
most revealing.

There is no doubt that our universitx'

is suffering from a bulge in population.

There are now 1,100 in Applied Sci-

ence, ali endeavoiu-ing to become engi-

neers, and some with almost insurmount-

able handicaps. Some commute twice

each day through our time-wasting

traffic, others live in substandard base-

ments or attics. Becausc of this con-

gested living and travelling not more
than ten percent of these students take

part in any sport or club facility offered

on the campus. Few of these young
men ever really know their professors

or know their university.

Our country lias many resources, but

perhaps the most important of ali is the

young man capable of advanced train-

ing. This training has never been easy,

but there must be a limit to the frus-

trations that a young student can en-

dure.

There is a real need for standard,

student, living accommodation on the

campus. The dormitories now under

construction are the first of the men's

residences and will only meet a small

fraction of the requirements.

It is most \ital that tlie teaching be
maintained and the provincial budget be

extended to meet this requirement.

There is a need for more bursaries and

scholarships to o\ercome the proposed

raise in student fees.

Your uni\ersit>' needs \our interest

and your help. ^^'e must ensure that

talent is not lost or frustrated through

remo\able circumstances.

ALBERTA
President Govier Comments
From The Alberta Professional

Engineer, Januarj, 1959, an abstract.

The engineer's role in the develop-

ment of tíie natiiral resources of a

country is one of great iniportance. It

is his technical knowledge and skill

which guides both the e\plorator>- effort

required to find the resources and the

plans and designs for the subsequent de-

\elopment of tliem. Moreover, aldiough

perhaps less vs'ell appreciated. it is on

the confidence placed in his honest>',

integrity and ethics that projects for the

de\elopment of resources are financed.

But the engineer's value is by no

means restricted to his technical con-

tribution. Projects for the development

of natural resources require mone>', often

in \er\' large amounts. This money is

made available by corporations. the gen-

eral public, or from government, only

when the project is judged to be worth-

while.

The judgment of the practicabilit>- of

projects of this kind is ordinariU- based

npon valuation and feasibilit>- stndies

prepared by professional engineers.

These studies are accepted by Corpora-

tion management. financial houses and

security commissions primarily becausc

of the confidence which is placed in

the honesty, integrit>- and ethics of the

Professional Engineers. Thus in the last

anahsis it is the professional qualitics

of the engineer which enablo the pro-

jects incorporating his scientific and

technical solutions to procoed. \\'e in

the profession must protoct our good

name not onK' hy maintaining high

technical standards but al.so hy jcalous-

1\ giiarding our professional ethics.
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E.I.C. Advertising Award
First judging of ''JournaV^ Advertisements

Results in a "^Tie"

In January of this year the Insti-

tute commenced the monthly award
of certificates for the best advertise-

ments in the current issues of the

"Journal".

Each month, fifty readers are being

asked to study the advertising pages

to select the advertisement which is,

in their opinion, the best from the

viewpoints of ACCURACY — IN-

FORMATION — ATTRACTION.
The names of the judges are picked,

at random, from the various provin-

cial mailing lists — five names per

province.

The judging of the advertisements

in the January issue resulted in a tie

in the number of votes for two adver-

à to celiifif t/ieU

in the u|»iiiiuii of a

iialioit-wiftv jtir\ of iiinnbeni uf

SiK Cngílueríng 3n8tíntte o( £anaba

THE ADVERTISEMENT

THE ENGINEERING JOURNAL
iw llie nioM oiil<ilaiiding in llial

ímiic from ihr viewpoint uf

ACCURAO' • INFORMATIOnf • ATTRACTIOnr

E.I.C. CERTIFICATE
The certificate, which measures

8V^" X WVí" , is awarded each
month to the advertisers whose ad-

vertisements are judged the best in

the current issue. These certificates

are completed with the name of the
advertiser and the issue in which
the advertisement appeared. AU ad-

vertisements appearing in the
"Journal" are eligible for the award.

tisements — Dominion Bridge Co.

Limited — a two-page advertisement

on pages 78-79, and Peacock Brothers

Limited (Rockwell-Nordstrom Valves),

also a "double page spread", on pages

16-17. To each of these companies, a

certificate of merit will be presented.

The main purpose of this judging is

to gain a good cross-section of opinion

as to the type of advertisement which

has the strongest appeal and is of the

greatest use to Canadian engineers.

The various advertisers, and their

agencies, will be kept informed as to

the opinions of the judges — whose
names will not be divulged— so that

they will know the type of advertising

message most acceptable to our

readers.

This opportunity is taken to thank

those readers who have already served

as "judges" and to ask ali who may
receive a request to serve the Insti-

tute in a similar manner to retum
the questionnaires they receive with-

in five days of receipt.

Congratulations are extended to the

Dominion Bridge Co. Limited and
Peacock Brothers Limited on the win-

ning of the first Engineering Institute

of Canada Certificate of Advertising

Merit.

DOMINION BRIDGE ADVERTISEMENT
This advertisement, which appeared in the January issue of The Engineering
Journal, tied for the greatest number of votes for the best advertisement in the
issue. The jurors were fifty members of the Institute. The advertising agency,
which placed the advertisement, is McKim Advertising Limited, Montreal.

PEACOCK BROTHERS ADVERTISEMENT
This advertisement for Rockwell-Nordstrom Valves tied for first posi-

tion, with an advertisement of Dominion Bridge Co. Limited. Both adver-
tisements appeared in the January issue. The advertisement was prepared
by Marsteller, Rickard, Gebhardt & Reed, Inc., Fittsburgh, Pa., and was
placed in the "Journal" by McKim Advertising Limited, Montreal.

HOW TO

PHARMACEUTICAUS

STOP COSTLY VAL.VE FAILURES

HICH PRESSURE GAS

H.P. ACIO

HOT ASPHALT
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• BRIEFS

awarded a $9,000,000 coiitract for pro-

duction of licight-findin.u; radar cquip-

inciit for tlic Pinetrec radar line in

Northern Canada to tho Canadian Gen-
eral Electric Company Ltd. The equip-

ment will be part of the integratcd de-

fence s>steni of tlie continent. Most of

it will Ix' huilt at the Royce Works
plant in Toronto, but some will be
contracted to Canadian suppliers.

Nylon Automobile Parts — Almost 250
different itenis in some of this year's

cars are madc of "Zytel" nylon resin,

according to Dupont of Canada Lim-
ited (Box 660, Montreal). The total

weisiht of ali parts made of this ma-
terial and used in the average new car

is less than one pound.

Nitrile Silicone Rubber - NSR-X.5602,
the first product in the new family of

G-E Xitrile silicone rubbers, is now
a\ailable from Canadian General Elec-

tric's Chemical Department, 940 Lans-

downe Avenue, Toronto. It is intended

for intermittent contact with high-swell

fluids or continiious immersion in milder

fluids. It is described as having "inter-

mediate fluid resistance". NSR-X8701
available in March; NSR-X4803 is avail-

able in April.

RTV' silicone rubber, recommended
for eléctrica! potting and encapsula-

ting and for high and low temperature
sealing and caulking is described in

CBS-I70, a new bulletin available from
Chemical Materials Seetion, Canadian
General Electric Company (940 Lans-

downe Ave., Toronto).

Railway Operating Deficit — The Cana-

dian National System shows operating

revenues for January 1959 as $55,676,-

000; expenses, taxes and rents, $60,-

422,000; and a net operating deficiency

$4,746,000.

Gate Valves — Crane Limited has in-

itiated the manufacture of valves of

top quality to nieet A.W.W.A. specifi-

cation, according to the company. To
conform with various types of joints

they are available in several types of

end connections. For literature on Grane

A.W.W.A. double disc gate valves, con-

tact Crane Limited, 1170 Reaver Hall

Square, Montreal.

New Chemical Plant — Expansion of its

facilities in Eastern Canada is being

made by Electric Reduction Company
of Canada, Ltd. The next stage involves

a multi-million dollar expenditure for

plants to produce sulphuric and phos-

phoric acids, sodium phosphates and

other products. These plants will - be

located at Port Maitland, Ont. Sodium
chlorate expansions have recently been

completed for the company at Buck-

inghani, Que. and Vancouver, B.C.

Public Transportation System — Quebec
Power Company has sold its 100 per

cent ownership of shares of Quebec-

Autobus Ltee, which operates the pub-

lic transportation system in Quebec City.

to Transport Regional Ltee.

New Ownership — Union Carbide Can-

ada Limited and Shawinigan Chemicals

jointly announce that Shawinigan Chem-
icals Limited has become sole owner of

Canadian Resins and Chemicals Lim-

ited, through acquisition of Union Car-

bide Canada Limited's 51 per cent in-

terest.

Union Carbide will continue to pro-

duce and sell plastics through its two

di\ isions—Bakelite Company and Car-

bide Chemicals Company.

The acquisition will permit integra-

tion of Canadian Resins and Chemicals'

operations with those of Shawinigan

Chemicals, whose plants are in prox-

imit>-.

New Grinder — Atlas Copco Canada

Ltd., Montreal Airport, Quebec, has

added a new 8 in. extra-heaNy dut\-

grinder to its line of pneumatic tools.

Its patented non-wearing governor has

no contact betsveen rotating and sta-

tionarj- parts. The machine also has a

safet\- coupling which disconnects the

wheel spindle from the motor. Odier

features are a built-in lubricator, and

exliaust silencer and special liglit alloy

body parts.

New Control Plan — Canadian National

Raibva\s has implemented a new

method of moti\ e power control across

its system. The innovatdon is ex-pected

to result in more efficient operation.

considerable savings, and more ad\an-

tageous placement of power.

Atomie Engine for A-Sub — Canadian

Westinghouse Company Limited advises

that \\ estinghouse Electric Corporation

will supply the atomic engine to drive

Britain's first atomic submarine, the

Dreadnought. Agreement has been

reached between RoUs Ro\ce Limited

and the American firm.

Change of Name - Linde Air Products

Compan>-, Division of Union Carbide

Canada Limited, has deleted die words

"Air Products" from its name. Since

February Ist, 1959, this compan\- is

known as Linde Company, Division of

Union Carbide Canada Limited.

Fibre Tubes in Overpass. — "Sono\ oid"

fibre tubing, a product of Sonoco Prod-

ucts of Canada Limited, is being used in

the construction of the elevated portion

of the Metropolitan Boulevard, Mont-

real. The order for tíie tubing is the

largest the Companx- has recei\ ed in an>

part of the world.

The ele\ ated portion of the Boulex ard

is six miles long and approximateb

700.000 ft. of 26 in. tubing will be used.

The 60 ft. span which has been devel-

oped for this structure is anodier

Canadian "first". The design and speci-

fication was prepared by Brouillet,

Carmel and Bouba.
The "Sono\ oid" slab sv stem, which has

man>- uses, utilizes void tubing to crcatc

a symmetrical s>stem of cylindrical air

cells, within die concrete slab. to remo\ e

mass and \\ eight of non-working concrete

at the neutral axis-it introduces a s>-stem

of successive "T" beam sections to carr>-

the load.

For complete infonnation on "Sono-

void" and its applications, write to

Sonoco Products of Canada Ltd., Brant-

ford, Ont.
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This institute has a voluntary membership of over 18,000 engineers, maintains

50 branches from Newfoundland to the Yukon, publishes the Engineering

Journal and other literatura, and has achieved international eminence as ene of

the front ranking engineering societies of the world. It is devoted to the

following purposes:—

•

"To facilitate the acquirement and interchange of professional knoxcledge

among its memhers, to promote their professional interests, to encourage

original research, to develop and maintain high standards in the engineering

profession and to enhance the mefulness of the profession to the public."
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LETTER FROM THE

PRESIDENT

LETTRE DU
PRESIDENT

WITH THIS LETTER there is transmitted to each of the 18,542 members of The Engineer-
ing Institute of Canada the report of the operations of your Institute for 1958 — its 72iid

year of service.

Please read this report carefuUy, because it contains, in an organized form, a statement oí

your Institute's activities and accomplishnaents for the year. These constitute a real record

of achievement, and demonstrate vividly what the E.I.C. does for j^ou, for the profession and
for the nation, both at home and in the world scene.

When you have read the report, I trust that you will join with me in taking increased

interest and pride in Canada's largest technical society — The Engineering Institute of

Canada. I trust that you will also join me in expressing appreciation to the hundreds ol

members whose efforts have made this fine record of achievement possible. This includes the

Past-Presidents, Council members, Committee members, the many local officers, faculty

advisors, and our representatives on the technical committees of other societies and organiza-

tions. Our thanks are also due the staff, who have rendered good service in their respective

capacities.

Nous transmettons ci-joint à chacun des 18,542 membres de Tlnstitut le rapport annuel de

Tannée 1958, la 72ème de son existence dévouée au service de la profession de Tingénieur et

du Canada.

Veuillez lire ce rapport avec attention parce qu'il relate, sous une forme concise et facile à

interpréter, Toeuvre accomplie par votre Institut durant Tannée qui s'achève. Ce palmarés
constitue un véritable record et montre sans équivoque ce que 1' "Engineering Institute oí

Canada" est en mesure d'accomplir pour vous, pour la profession et pour le pays, tant au

point de vue national qu'au point de vue International.

Je suis convaincu qu'après la lecture de ce rapport, vous voudrez prendre une part plus active

à nos travaux, et que vous éprouverez des sentiments de fierté à être membre de la plus

importante société technique du Canada, 1' "Engineering Institute of Canada". Je suis súr

que vous vous joindrez à moi pour féliciter le grand nombre de nos membres qui. par leurs

efforts, ont contribué à un essor aussi remarquable de notre Institut. Je pense à nos anciens

présidents, aux membres du conseil, aux membres des comités, au grand nombre d'officiers de

nos chapitres locaux, à nos représentants dans les facultés de génie et à tous ceux qui ont

travaillé en notre nom avec d'autres sociétés professionnelles et techniques. Nous remercions

aussi le personnel de Tlnstitut qui, dans l'exercice de ses fonctions, nous a rendu des services

à signaler.

K. F. TUPPER. M.E.I.C..

Pre^ident

The Engineering Institute

of Canada.
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REPORT OF COUNCIL
ADMINISTRATiVE SERVICES

ACTIVITIES OF THE PRESIDENT

In the spring of 1958, Dr. C. M. Anson com-
pleted his presidential visit to a large number
of branches. He interrupted his travei in this

country for six weeks to represent the E.I.C. at

the Conference of Engineering Institutions of

the British Commonwealth, held in Austrália

and New Zealand, March 19 to April 2.

En route to Austrália, on February 10, 1958,

Dr. Anson unveiled the E.I.C. memorial to the

late H. J. Cambie, a bronze plaque prominently
situated in the Canadian Pacific Railway station

in Vancouver, B.C.

jShortly after assuming the office of President

jfor 1958-59 in May, Dr. K. F. Tupper represent-

ed the E.I.C. at the annual meetings of The
Chemical Institute of Canada in Toronto and
of the Royai Architectural Institute of Canada
in Montreal, and at the Fiftieth Anniversary

' celebrations of the American Institute of Chem-
ical Engineers in Philadelphia. Later in the year
he represented the E.I.C. at the annual meetings
of the American Society of Civil Engineers and
the American Society of Mechanical Engineers
in New York City. At the latter he held a
reception for Canadian engineers and their

I

ladies present at that meeting, and for officers

and sénior members of sister U.S. engineering

societies.

In response to an invitation from the govern-
ment of the U.S.S.R. and with the approval of

the Canadian government and the E.I.C. Coun-
cil, Dr. Tupper visited the U.S.S.R. for two
weeks in October to discuss arrangements for

j

the exchange of teams of engineers between the

two countries. En route to the U.S.S.R. Dr.

Tupper presented the greetings of the E.I.C. to

the Institution of Civil Engineers, the Institu-

i

tion of Mechanical Engineers and the Institu-

i

tion of Electrical Engineers in London, The
I

Société Royale Belge des Ingénieurs et des

I
Industrieis, in Brussels and the Danish Institu-

' tion of Civil Engineers in Copenhagen.

After returning from the U.S.S.R., Dr. Tupper
visited about one-half of the Institute's bran-
ches and student sections before the end of the

year, covering most of Eastern, Central and
mid-Western Canada.

COUNCIL

Council met 11 times in 1958, including

one plenary meeting in May devoted to

Confederation. The average attendance at Coun-
cil meetings in 1958 was 24.

The Councillors in Zone "A" (Western Canada)
met twice, in March and in October, to consider

Institute problems particular to the Zone, and
to prepare appropriate recommendations to

Council.

COMMITTEES

The committees appointed by the Council con-

tinued to contribute to the efficiency of the
Institute's operation. Not only do they study
proposals which have been referred to them
by Council, but in various ways each keeps
in touch with situations and attitudes within its

terms of reference and, when necessary, ini-

tiates considered action.

AU standing and special committees were active

during the year, their reports appear on pages
16 to 23 of this report,

FINANCE

The financial results for the year 1958 were
somewhat disappointing. Expenditure exceeded
revenue and consequently a deficit was incurred

on the year's operations. The appreciable in-

creases in administrative expenses arose chiefly

through expanded activity at both the local and
the International levei. Total revenue was less

than in the previous year due to a reduction in

advertising revenue.

HEADQUARTERS

On January 1, 1958, Colonel L. F. Grant retired

as Field Secretary after making a magnificent
contribution to Institute activities for many
years. Particularly noteworthy was his contri-

bution to the very successful professional devel-

opment programs operated by a number of

branches, and which are due in large measure
to his initial inspiration and guidance. Mr.
John McLaren became Eastern Field Secretary
in January, 1958.

May 30, 1958, marked the completion of twenty
years of outstanding service as General Secre-

tary by Dr. L. Austin Wright. On Dr. Wrisrhfs
retirement on this date, he was succeeded as

General Secretary by Dr. Garnet T. Page. Dr.

Wright was retained by Council as General
Consultant to assist and advise the President
and General Secretary on request.

The Eastern Field Secretary

Ali but 7 of the 40 branches of the Institute east

of the Manitoba border were visited. Visits

have also been made to many of the engineering
colleges, where calls were made on members of

the faculty and talks given to student bodies

about the work of the Institute, along with
showing of films on current engineering pro-

Éi



jects. Considerable time was also spent assisting

in the organization and operation of branch

Professional development prograras.

Wherever possible stops were made to visit

"orphan" members who by reason of distances

from the place of branch meetings have little

contact with the E.I.C. except through the

Journal. Altogether, over 19,000 miles were tra-

velled in connection with the work of the

Institute.

Many calls were made on the Toronto office to

assist in locating employment. In the earlier

part of the year, many engineers found it

necessary to seek positions and this office assist-

ed them, in conjunction with the employment
service at headquarters, by suggesting possible

sources of new employment. Toward the end of

the year, requests for employment service

diminished considerably.

The Toronto office was used frequently for com-
mittee meetings of technical sections and Pro-

fessional development courses.

The Western Field Secretary

During 1958 the foUowing Branches, Sections

and unorganized groups were visited, some of

them more than once:— Victoria, Vancouver,
Chilliwack, Powell River, Kelowna, Penticton,

Trail, Lethbridge, Calgary, Edmonton, Medicine

Hat, Swift Current, Moose Jaw, Regina, Saska-

toon, Prince Albert, Brandon and Winnipeg.

The impression gained on these visits is that,

with one or two exceptions, the sense of isola-

tion felt by Zone "A"' groups is decreasing.

This desirable trend can be ascribed to a variety

of causes such as periodical Regional meetings

of Councillors, more frequent visits by Institute

Officers and staff ; in other words, to better Com-
munications. It is also considered that the recent

prominence of discussion on Confederation has
tended to awaken interest and understanding
in the National, rather than the Provincial

character of the profession.

The Annual Meetings of the Associations of

Professional Engineers in Alberta and Saskat-

chewan were attended by invitation and in both
cases a warm welcome was received.

Two meetings of Councillors of Zone "A" were
held during the year, one in Edmonton in March
and one in Calgary in October. Both were fruit-

ful and they appear to serve a very useful

purpose.

At the Calgary meeting the decision was taken

to hold a Zone "A" Regional Technical Con-
ference at Banff on October 2nd - 3rd 1959 and
Calgary has consented to act as Host Branch.

Assistance was rendered to Professional devel-

opment courses which are operating or being
planned in Winnipeg, Edmonton, Calgary and
Vancouver.

The employment situation for engineers in B.C.

was very bad, compared to recent years, for

most of 1958, though it has shown some slight

improvement toward the end of the year. Many
calls were made on the Vancouver office for

help in securing employment.

MEMBERSHiP
The total membership at the end of 1958 was
18,542, representing a net increase of 991 over
the previous year. The ratio of gains to losses

was approximately 2.2:1. Gains include admis-
sions and reinstatements. Losses include re-

signations, removais and deaths.

The continued growth in total membership was
due in large measure to the efforts of the branch
membership committees in recruiting candi-

dates for corporate membership, and to the

Student Representatives and Faculty Ad\isors
who conducted drives for student membership.

Table I indicates the increases in the various
classes of membership during the year and
shows the losses by resignations and removais.

Deceased Members
During the year 1958 the deaths of members of

the Institute (including four Honorary Mem-
bers) have been reported as follows:

Honorary Members
Doane, Francis William Whitney, Halifax, N.S.

Gibb, Sir Alexander, Westminster, London,
England.

Gray, Francis William, Victoria, B.C.

Pratley, Philip Louis, Montreal, P.Q.

Members
Addie, George Kyle, Quebec, P.Q.

Agar, George, Montreal, P.Q.

Allingham, Ralph R., White Plains. N.Y.. U.S.A.
Altrogge, Alfred Joseph, Saskatoon, Sask.

BallantjTie, Norman Frank, Ottawa. Ont.

Bash, Kenower Weimer, Toronto, Ont.

Bickerdike, Robert, Westmount, P.Q.

Bush, Harold Frederick, Montreal, P.Q.

Camsell, Charles, Ottawa, Ont.

Clarke, Ernest R., Scarborough, Ont.

D'Aoust, Joseph Gilbert. Powell River, B.C.

Davy, Richard Frederick, Victoria, B.C.

Dickenson, John Goodall. Toronto. Ont.

Douglas, George Vibert, Toronto, Ont.

Edington, William James, Moncton. N.B.
Elgee, Herbert Alcock, Budleigh, Devonshire.

England.
Faulkner, Charles Frederick Peter, North

Surrey, B.C.

FhTin, James Emmett, Vancouver, B.C.

Forgie. James, Kew Gardens, N.Y.. U.S.A.

Fowlie, Cecil Winston, Halifax. N.S.

Fry. Albert Edward. Montreal, P.Q.

Fulton, Edward Arthur. St. Louis, Missouri,

U.S.A.
Furlong, Henry Walter. Wollaston, Mass.. U.S.A.
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MEMBERSHIP STATISTICS

Net
1958 1957 Increase

Honorary Members 38 37 1

Members 8005 7822 183
Juniors 6292 5989 303
Students 4150 3647 503
Affiliates 57 56 1

Total 18,542 17,551 991

Resignations and Removais : Members Juniors Students Total
Resigned (no arrears) 97 133 59 289
Resigned (arrears) 32 42 18 92
Removed, unpaid fees 36 134 56 226
Removed, no address 24 77 55 156
Removed, Students over-age 41 41

Total 189 386 229 804

Reasons Given for Resigning:

No reason given 120
Resignations through Association agreements 47
Left Canada 41
Students Left Engineering and Over-age 45
Retired or not Practising 39
Unable to Participate 28
Financial 25
Other Interests 18
Prefer A.P.E. membership only 5

Ali others 18

Total 386

TABLE I

Gage, Edward Victor, Montreal, P.Q.

Gilchrist, T. E., Peterborough, Ont.

Gibb, Robert James, Edmonton, Alta.

Haanel, Benjamin Franklin, Ottawa, Ont.

Haltalin, Clifford Paul, Winnipeg, Man.
Hatfield, George N., Saint John, N.B.
Hays, David Walker, Medicine Hat, Alta.

Hogg, Thomas H., Toronto, Ont.

Hunter, John Samuel, Calgary, Alta.

Innes, Edward Patrick Nelles, Hamilton, Ont.

Jane, Robert Stephen, Montreal, P.Q.

Joy, Douglas Grahame, Toronto, Ont.

Keay, Herbert O., Sudbury, Ont.

Keith, Fraser Sanderson, Smiths Falis, Ont.

Kennedy, Michael Sylvester, Victoria, B.C.

Kirkpatrick, Paul Chester, Baie d'Urfee, P.Q.

Kresz, Francis Charles, Toronto, Ont.

Laffoley, Laurence Herbert, Montreal, P.Q.

Lang, Edwin George Power, Montreal, P.Q.

Lanouette, Mareei Guy, Rimouski, P.Q.

Lawson, Wilfrid S., Ottawa, Ont.

MacArthur, John Alexander, Montreal, P.Q.

MacConnell, Howard Bruce, Fort William, Ont.

MacDonald, Arthur Lamond, Montreal, P.Q.

MacGillivray, John Alexander, Willowdale, Ont.

MacMahon, James W., Westmount, P.Q.

Malcolm, Alvin Lawrence, Campbellford, Ont.

Maple, Harold Ernest, Ottawa, Ont.

Milne, Winford Gladstone, Hamilton, Ont.

Montgomery, Samuel Clifford, Trail, B.C.

Mugaas, Henrik, Meaford, Ont.

Murphy, John J., Ottawa, Ont.

Murphy, Stephen John, Ottawa, Ont.

McCammon, John Whyte, Montreal, P.Q.

McGinnis, Thomas Alexander, Kingston, Ont.

McGruer, Alfred Edwin, Montreal, P.Q.

McLean, William Brown, Lachine, P.Q.

Norton, Charles Douglas, St. Lambert, P.Q.

Oddleifson, Axel Leonard, Fort Garry, Man.
Pariseau, Louis Stanislas, Montreal, P.Q.

Paszkiewicz, Jerzy, Montreal, P.Q.

Plummer, Alexander Alfred, Vancouver, B.C.

Raskin, Franz Joseph, Montreal, P.Q.

Rayner, George William, Toronto, Ont.

Reid, Alexander MacLaren, Edmonton, Alta.

Ripley, Blair, Victoria, B.C.

Roberts, Stanley O., Ottawa, Ont.

Sorby, Walter Oswald, Halifax, N.S.

Shaw, John Aitken, Hudson Heights, Que.

Stairs, Gordon Salter, Halifax, N.S.

Sutcliffe, Homer Wilson, New Liskeard, Ont.

Tempest, Frank C, Calgary, Alta.

Templeman, George Earl, Montreal West, P.Q.

Theriault, Antonin, Quebec, P.Q.

Thompson, Howard Grant, Mallorytown, Ont.

Thomson, Lesslie R., Montreal, P.Q.

Vaughan, Frank P., Saint John, N.B.

Vaughan, Harold Wilfred, Montreal, Que.

Whillans, Thomas O., Ottawa, Ont.

White, John Robertson, Cornwall, Ont.

Wilson, William Smith, Sydney, N.S.
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Juniors

Bond, Raymond Arthur William, Isle Maligne,

P.Q.

Dion, Roland, Charlesbourg, P.Q.

Larouche, Pierre Michel, Chicoutimi, P.Q.

Moran, Frank Patrick, Vancouver, B.C.

Niazi, Mohammed Abdul Qayyum Khan,
Lahore, West Pakistan.

Stanbridge, Mathew James, Winnipeg, Man.

Students

Cote, Aime Georges Denys, Sherbrooke, P.Q.

Highgate, Robert Allen, Wallaceburg, Ont.

Joyce, Bruce Edward Clive, Bedford, N.S.

Valiquet, Joseph Georges Jean, Ottawa, Ont.

DISTINGUISHED FOREIGN VISITORS

During 1958 the Institute was pleased to receive

many important visitors from abroad. Among
them were:

Sir Arthur Whitaker, and Alexander Mc-
Donald, President and Secretary respectively

of the Institution of Civil Engineers, of Great
Britain.

J. M. Landis, President, American Society of

Mechanical Engineers.

O. B. Schier II, and T. A. Marshall, Secretary

and Sénior Assistant Secretary respectively

of the American Society of Mechanical
Engineers.

L. R. Howson, and Wm. Wisely, President

and Executive Secretary respectively of the

American Society of Civil Engineers.

W. J. Barrett, President, American Institute

of Electrical Engineers.

E. R. Needles, President, Engineers Joint

Council, N.Y.

W. K. Brasher, Secretary, Institution of Elec-

trical Engineers, of Great Britain.

AU of the foregoing gentlemen, some with
their wives, were guests at the Annual Meet-
ing, Quebec. Others, who made our acquaint-

ance on different occasions, included —
Frederick Snow, Past president, Institution

of Structural Engineers, of Great Britain.

Ove Guldberg, Secretary, Institution of

Danish Civil Engineers.

James Newby and Dr. H. V. Walters, both of

the I.A.E.S.T.E. Committee of Great Britain,

of which Mr. Newby is Executive Secretary.

Sir George Barnett, Head of factory inspec-

tion for the British Government.

D. P. R. Cassad, President, Institution of

Engineers, índia.

E. A. Nadirshah, past-President, Institution

of Engineers, índia.

Luis Giannattasio and James M. Todd, Presi-

dent and Vice-President respectively of
U.P.A.D.I.

R. H. Richmond and E. D. McWalker, both
of the State Rivers and Water Supply Com-
mission of Austrália.

CONFEDERATION
The following is a progress report on Con-
federation for 1958:

Councirs special Committee on Confederation,

working in collaboration with a similar com-
mittee appointed by the Canadian Council of

Associations and the Corporation of Profes-

sional Engineers, has worked steadily toward
the production of a definite plan for "Con-
federation".

On May 19, the Council held a plenary meeting
in Quebec City to receive and discuss a report
of the joint Committee. Council unanimously
accepted seven of the eight clauses, and accept-

ed the eighth clause in principie, subject to

further discussions as a guide for future action

by its committee. The committee was asked
to prepare a statement based on its report and
outlining the objectives of the new national

body for presentation to and balloting upon by
the membership of the Institute and the Asso-
ciations and Corporation, after approval by the
respective councils.

The chairman of the special committee reported

to each meeting of Council to keep members
of Council informed of progress made by the
committee.

At the December Council meeting the chairman
of the committee reported that the final report

of the sub-committee had been circulated to ali

members of the joint committee, and that ali

members have reported that they approve the

report in its entirety. It was agreed that a
plenary meeting of Council be held at the

earliest possible date after distribution of the

joint report to members of Council, and this

plenary meeting was arranged to take place in

Toronto on Saturday, January 31st. 1959.

DIRECT SERVICES
ANNUAL AND REGIONAL MEETINGS
The 1958 Annual General and Professional

Meeting was held in May at the Chateau Fron-
tenac in Quebec City. Because of its location

and historie interest, Quebec is a popular spot

for such gatherings, and those members and
guests who participated enjoyed a fine meeting.

The total registration of 932 was not the largest

on record, but the excellent spirit and enthu-

siasm showTi through the many events will long

be remembered.

Although the oíRcial duration of the meeting
was three days, the program of business and
committee meetings, technical sessions, con-

ferences, and social events pretty well filled a

five day period. 37 technical papers were pre-

sented, on a wide variety of subjects, and the

general comment was that the professional

meeting was interesting and well-rounded.

Special conferences were convened for the

deans of engineering, the branch ofRcers. and
engineering students. The emplo\"ment and
library services functioned at Quebec through-
out the conference.
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The social events were highlighted by farewell

tributes to the retiring General Secretary, Dr.

L. Austin Wright. He was the recipient of

several beautiful gifts from the members, and
from the twenty Presidents under whom he

served. Hospitality was provided again through

the courtesy of "Muriers Room", and the

Institute is grateful to the many Canadian firms

whose generosity made this possible,

The Schedule for future annual meetings is:

1959 Royai York Hotel, Toronto, Ontário,

June 8-9-10

1960 Royai Alexandra Hotel, Winnipeg,
Manitoba, May 25-26-27

1961 Hotel Vancouver, Vancouver, B.C.

1962 Queen Elizabeth Hotel, Montreal, Quebec,

this will be the Seventy-Fifth Anniversary of

the E.LC.

Regional Meetings

The first E.I.C. Southern Ontário Regional Con-
ference was held on March 15, 1958 at the Royai
Connaught Hotel, Hamilton. This conference

was organized by the Hamilton Branch with
the Niagara Península, Toronto, Kitchener,

London, Sarnia, and Border Cities Branches
participating.

383 engineers and their ladies attended this

most successful conference, which combined ex-

cellent technical and social programs.

In line with the Institute's policy of expanding
its program of regional conferences to bring
this type of service to as many members as

possible, plans were initiated in 1958 for the

foUowing regional conferences:

March 14, 1959 — Hamilton, Ont.

April 25, 1959 — Sudbury, Ont.

October 2-3, 1959 — Banff, Alta.

October 15-16, 1959 — Ottawa, Ont.

May 6-7, 1960 — Kingston, Ont.

In addition, the regular biennial regional con-

ference for members of E.I.C. and the Profes-

sional associations in the Atlantic Provinces
was held at Digby, N.S., September 2-4. It was
well attended and was highly successful. The
1960 conference will be held in St. Andrews,
N.B. in early September,

AWARDS, HONOURS, MEDALS AND PRIZES

These awards were presented during the annual
meeting to those recipients who could be present.

HONORARY MEMBERS
Armand Charles Crepeau, Sherbrooke, Sir Claude
Dixon Gibb, Newcastle-upon-tyne, England, Philip
Louis Pratley, Montreal, Que., Irving Richard
Tait, Montreal, Que., Earle Oliver Turner, Frede-
ricton, N.B., Leslie Austin Wright, Montreal, Que.

JULIAN C. SMITH MEDALS
Richard Edgar Heartz, m.e.i.c, Montreal, Que.,
Robert Edwards Jamieson, m.e.i.C, Montreal, Que.

ROBERT W. ANGUS MEDAL
Russell J. Kennedy, m.e.i.c, Kingston, Ont.

DUGGAN MEDAL AND PRIZE
Robert David, m.e.i.c, Montreal, Que., G. G. Meyer-
hof, m.e.i.c, Halifax, N.S.

LEONARD MEDAL
E. O. Lilge, m.ci.m., Edmonton, Alta.

PLUMMER MEDAL
H. R. L. Streight, F.c.i.c, Montreal, Que.

ROSS MEDAL
Ronald George Griffith, m.e.i.c, Montreal, Que.

H. N. RUTTAN PRIZE
Wilfred Pegusch, jr.e.i.c, Vancouver, B.C.

PHELPS JOHNSON PRIZE
Donald Andrew Chamberlain, jr.e.i.c, Montreal,
Que.

ERNEST MARCEAU PRIZE
Gilles Gagnon, jr.e.i.c., Montreal, Que.

JOHN GALBRAITH PRIZE
Charles Murray Stewart, jr.e.i.c, Sarnia, Ont.

MARTIN MURPHY PRIZE
Robert Donald Neill, jr.e.i.c, Fredericton, N.B.

BRANCHES
The inauguration of the Chalk River Branch in

May, 1958, was memorable, for this was the

íiftieth Branch to be established by the Insti-

tute. The fifty branches extend from Newfound-
land to Vancouver Island, and provide technical

and social programs to the many thousands of

members in their áreas. Financed in part by
rebates of membership fees, the activities

sponsored by the branches are the "life-blood"

of the Institute.

Almost every branch received either President

Anson or President Tupper in 1958, and the

headquarters and field staff visited as many
branches as possible, to ensure the best possible

Communications between the branches and the
national officers and Headquarters. Headquar-
ters and the field staff continued to work closely

with branches by assisting with technical pro-

grams, Professional development programs,
administration matters, records, membership
and admissions, stationery and mailings, and
groups of engineers' wives.

A successful branch oíRcers conference was
held during the 1958 annual meeting at Quebec
City. This conference put forward a number of

useful recommendations and suggestions to the
Council which have been most helpful in the
formulation of acceptable policies and pro-

grams. Based on the recommendations of this

meeting, both in 1957 and 1958, a draft manual
for the operation of branches was proposed and
circulated to ali branches for comment before
the final printing, which will be done in 1959.

The Officers, Council and staff wish to acknowl-
edge the great amount of voluntary work done
by the hundreds of branch officers and commit-
tee members in rendering direct local services

to the membership, and for their co-operation in

supporting the various national and Interna-

tional projects which depend in large measure
on branch support for their ultimate success.

CERTIFICATES FOR MEMBERS

Approximately 190 members received E.I.C.

membership certificates, available on request at

a cost of $1.25. Later in the year Council decid-

ed that ali Life Members would be presented
with a special certificate of life membership.
This new policy will be implemented in 1959.
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CO-OPERATION WITH OTHER ENGINEERING
AND SCIENTIFiC ORGANIZATIONS
In addition to the formal meetings between
representatives of the member societies of such
international organizations as UPADI and the

Conference of Engineering Societies of the

British Commonwealth, the E.I.C. maintains
regular and extremely cordial contacts with the

Institutions in the United Kingdom, and other

Commonwealth societies, the Founder Societies

in the United States of America, the represen-

tative national engineering organizations in

Europe, the far East, and Latin America. These
frequent exchanges of Information and assis-

tance have proven invaluable to the Canadian
engineering profession.

At the national levei, the Institute works close-

ly with the Canadian Institute of Mining and
Metallurgy, The Chemical Institute of Canada,
The Canadian Aeronautical Institute, the Cana-
dian Good Roads Association, and others on a
number of important government-sponsored and
inter-society projects.

There was no change in the operation of the

seven agreements between the Institute and
provincial registering bodies in 1958. These
agreements have made it possible for adminis-
tration to be simplified and have resulted in

substantial savings and convenience to the
members in the provinces concerned.

EMPLOYMENT SERVICE

Employment opportunities for engineers were
less numerous in 1958 than during the previous

five years, as shown on the following table:

1954 1955 1956 1957 1958

"Situations Vacant"

228 181 190 297 366

No. of applicants "Situations Wanted"
400 550 500 350 300

Geographícal Distríbution

Situations Vacant 1958

Maritimes 9 Central Canada 250
Prairies 33 West Coast 8

In addition to the 366 engineers who advertised

for employment in the Journal, the employment
service assisted 230 unemployed engineers

during 1958. The majority of these were recent

immigrants to Canada, and others released from
industries. Approximately 800 interviews were
conducted during 1958 and 65 known place-

ments were made.

1600 copies of the employment buUetin were
printed every month — 1100 of these were
sent to a standing list of employers of en-

gineers; and 500 distributed to those seeking
employment.

One hundred and sixty-five students from ali

parts of Canada registered for summer employ-
ment during January, February and March.

The scarcity of engineering jobs afifected the

graduating class of 1958. A canvass of the

larger employers indicated that, although they
were conducting campus interviews across

Canada, the number of graduates required

would be smaller than in the previous few years.

Late in the year, some increase was noted
in the demand for engineers. This was re-

flected by the fifty-five new positions listed in

December.

ENGINEERING EDUCATION
3rd Biennial ASME-EiC Conference
on Engineering Education

"How Should Industry Aid Engineering Educa-
tion?" was the theme of the 3rd Biennial Con-
ference on Engineering Education sponsored
jointly by ASME and E.I.C. held at the Univer-

sity of Michigan, Ann Arbor, October 15-16,

1958. There were 117 delegates at the Con-
ference of which 33 were from Canada. 11

Canadian universities were represented.

The Conference was divided into three sessions,

which took the form of panei presentations fol-

lowed by general discussion. Past-President C.

M. Anson and President K. F. Tupper addressed
the delegates at the opening dinner and closing

luncheon respectively.

The first panei presentation was on the topic

"The Philosophy of Co-operation between In-

dustry and Higher Education". The second
panei was on the topic, "Continuing Education
by Industry in Industry" and the third panei

dealt with "Support by Industry of Higher
Education".

Committee on Engineering Education as recom-
mended by the E.I.C. Education Conference,

the Council approved the establishment of the

E.I.C. Committee on Engineering Education.
Seven members representing the universities

and seven representing industry have been
appointed, with Dean H. G. Conn as Ínterim

chairman. This Committee, which will meet for

the first time during the 1959 annual meeting
in Toronto, shall concern itself with matters of

engineering education that come before the

E.I.C, and detailed proposals for the scope of

the committee will be reviewed for adoption.

Canadian Conference on Education—The E.I.C.

was one of nineteen national organizations

which sponsored the Canadian Conference on
Education held in Ottawa in February. The
Institute's representatives participated actively

in the workshops on liigher education, school

buildings and equipment ; and teachers—quality

and quantity. It was generally agreed that the

conference was successful in increasing the

public's awareness of Canada"s problems in edu-

cation, in bringing together those concerned
with these problems, in stating what some of

the basis problems are, and in the establish-

ment of a continuing organization to sponsor
constructive action toward the solution of these

problems. The Institute is a sponsoring member
of the continuing organization of the Canadian
Conference on Education.
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Engineering Educatíon Conferente — The 1958
meeting was held on May 20, in conjunction

with the E.I.C. annual meeting at Quebec. At-

tended by deans of engineering from degree-

granting universities, it was chaired by Mr. J.

Hoogstraten and was concerned primarily with
preparing plans for a major engineering educa-

tion conference in 1959.

The conference recommended specifie terms of

reference for the new 14 member Committee on
Engineering Education being established by
the E.I.C, and named seven academic members
to the committee. The other seven members are

to be selected from industry by the Institute.

The conference also agreed to place before the

National Conference of Canadian Universities

a proposal that they establish a committee of

engineering educators within the N.C.C.U.

Finally, in the international realm, many useful

discussions regarding engineering education

were held during the Conference of Engineer-
ing Institutions of the British Commonwealth,
and the V UPADI Congress and with experts

from the the Organization for European Eco-
nomic Cooperation who visited Canada late

in 1958.

General
On a continuing basis, the Institute maintains
a close and effective relationship with uni-

versities, appropriate agencies of the Federal
and Provincial Governments that are con-

cerned with education, with the Canadian Edu-
cation Association and the Canadian Teachers
Federation.

GOVERNMENT LIAISON

In 1958 the E.I.C. continued its close liaison

with the Federal Government, working co-

operatively with many agencies and depart-
ments on a day-to-day basis in the interests of

Canadian engineering, and in helping to solve

problems referred to the E.I.C. directly either

or by virtue of the Institute's membership on
committees and boards established by the
government. The Institute learned with pleasure
that the government had seen fit to appoint
sénior engineers to a number of important
commissions inquiring into important problems
affecting the nation's economy and resources.

The list of specifie áreas of Institute participa-

tion is long, including certain technical com-
mittees of the National Research Council, the
Department of Trade and Commerce, the De-
partment of Labour and the Department of
National Health and Welfare; covering such
áreas as building research, the Colombo Plan,
the United Nations Technical Assistance Ad-
ministration, technical manpower, vocational
training, and civil defence. On another levei,

the E.I.C. is in regular communication with
the Civil Service Commission, the Department
of Externai Affairs, the National Film Board
and other agencies regarding vocational In-

formation, and the dissemination of knowl-
edge about Canada's engineering achievements

to other countries.

LIBRARY AND FILM SERVICE

Increased use was made of the library during
the year, and the majority of the requests con-

tinued to come from members and other

libraries in the Montreal area. An average of

twenty-five requests were handled a day.

The total number of items circulated by the

library during the year was 4,326, an increase

of more than 1,000 over 1957. It is interesting

to note that about twenty-five per cent of the
loans were made to other libraries which have
come to rely on the completeness of the Insti-

tute's collection. Of the 670 members who
borrowed books from the library during the

year, 433 were from the Montreal area. The
remaining borrowers were distributed as fol-

lows: West Coast, 15; Prairies and Western
Ontário, 71 ; Ontário and Quebec, 122 ;

Maritimes,

28; U.S.A., 1.

During the year the library compiled sixty-one

bibliographies of periodical articles for mem-
bers. In addition numerous recommendations of

suitable books were made, in letters, over the

telephone, and to members visiting the library

in person. Eighteen of the bibliographies com-
piled were in the field of civil engineering, ten

electrical and eight mechanical. The remaining
twenty-five covered a variety of topics from the
"Antartic" to "Wood".

The library handled 319 members' subscriptions

to 28 publications of 11 other engineering
societies. The library staff also made over 7,000

photoprints, of which nearly 2,000 were sent to

members in lieu of bound volumes of periodicals

and of otherwise unobtainable papers and
articles.

The library distributed over 800 free pamphlets
to high school students requesting Information
on engineering as a career, and over 900 free

copies of the Engineering Journal to high school

students, undergraduates, and others express-

ing an interest in the publication.

One new film was acquired during the year,

"Blasting a New Niagara". The total film cir-

culation was 63.

Over 600 books were added during the year,

bringing the total collection to about 6,300. The
value of the volumes received for review in the
Engineering Journal was $3,900, and that of

those purchased was $800.

The library has exchange arrangements with
organizations in thirty countries, including

several behind the Iron Curtain, and nearly

eighty percent of the 500 periodicals received in

the library are acquired on this basis.

It appears that many members are not aware
of the full extent of services of the E.I.C.

library since most inquiries are largely in the
fields of civil and electrical engineering,

although the library contains material on ali

branches, much of which is not available

elsewhere.
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STATISTICS OF LIBRARY USE

1957 1958
Mail enquiries 1430 1624
Phone enquiries 3052 3168
Persons visiting tlie library 2334 2654
Borrowers registered 488 670
Circulation

Books 1892 2364
Periodicals 1184 1725
Pamphlets 163 237

Total 3239 4326
Parcels of books mailed out-of-town 270 432
Bibliographies compiled 63 61
Photocopies made 3135 7220
Members subscriptions to publications of other societies 338 319
Films circulated 60 63
Books acquired 421 621
Value of books acquired $ 3723 $ 4747

TABLE n

PHOTOGRAPHIC EXHIBiTS

Three exhibitions of photographs were dis-

played at the annual meeting at Quebec and
were made available to the branches and
universities across Canada for exhibition. Cana-
dian photographs were submitted in large part

by Canadian industrial advertisers in the

Engineering Journal. Awards of merit were
subsequently presented by the Institute to the

exhibitors with the five winning entries. The
other two were on the subject "Atoms for

Peace", showing development in the peaceful

applications of atomic energy in the U.S.A. and
in the U.S.S.R. The "Atoms for Peace" exhibits

attracted considerable attention, as they were
displayed side by side and presented an interest-

ing comparison.

The Canadian photographs submitted for com-
petition at the 1957 annual meeting were shown
at six universities in the early months of 1958.

"Atoms for Peace" exhibits were shown by
eight branches and one provincial association

as well as by three Student groups at univer-

sities. At the end of the year advance bookings
had been made which will keep the exhibits on
tour continually until the end of April 1959.

PROFESSIONAL DEVELOPMENT
Engineer's Council for Development
E.LC. Representation on E.C.P.D. Council

Institute representatives on the Council of

E.C.P.D. were Colonel W. S. Wilson, Mr. G. R.

Henderson and Doctor Otto Holden. Colonel

Wilson's term of office expired during the year

and he was reappointed for a three year period.

Representatives of the professional develop-

ment programs of Toronto, Hamilton and
Niagara attended the two-day work session of

the training committee of E.C.P.D. held in

Pittsburgh on May 19th and 20th. The following

is quoted from the 1958 Annual Report of

E.C.P.D.

"An excellent discussion of the "Cana-

dian First Five Year's Program — for

Young Engineers, by Young Engi-
neers" was given by three 3'oimg mem-
bers representing the Professional
development program group of the
Engineering Institute of Canada. Steps
are being taken to have their presenta-
tion published".

The Institute was also represented at the 26th
Annual Meeting of the Engineers' Council for

Professional Development at which represent-
atives from the Toronto, Hamilton and Niagara
branches of the Institute presented a similar

demonstration to that which was given at the
Pittsburgh meeting.

The following definition of engineering, sub-
mitted by the Recognition Committee was

j

adopted at the Annual Meeting of E.C.P.D.
It reads as follows:

"Engineering is the (learned) profes-

sion in wluch a knowledge of the

mathematical and natural sciences

gained by study, experience and prac-

tice, is applied with judgment to

develop ways to utilize economically
the materiais and forces of nature
for the progressive well being of

mankind".

The following Institute representatives on
E.C.P.D. committees were appointed for 1959:

Guidance — D. A. Young Éj
Education and

Accreditation — C. H. R. Campling
Ethics — J. E. L. Roy
Recognition — Guy Savard
Training — George L. Schneider
Information — Garnet T. Page
Planning — L. Austin Wright
Student
Development — E. Muszinski

Preliminary plans were made to hold the 1960
annual meeting of E.C.P.D. in Montreal, early

in October 1959.
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Professional Development Programs

Following the successful operation of Profes-

sional development programs in the Southern
Ontário region, consideration was given to the

formation of a national co-ordinating com-
mittee on professional development programs.
This committee would provide, through Head-
quarters, guidance and assistance to branches
of the Institute contemplating the establish-

ment of Professional development programs.

Professional development programs sponsored

I

by the various branches are included in the

branch reports. Sixteen branches planned or

were operating professional development pro-

I

grams for the 1958-59 season.

I
PUBLICATIONS

I

1958 was the fortieth anniversary of The En-
gineering Journal and the Institute received

many messages of congratulations, including a

1

cordial greeting from the Prime Minister of

j

Canada, on the successful completion of forty

j

years of this outstanding service to Canadian
!
engineers.

Recommenced in the fali of 1957 after over
twenty years during which its publication was
suspended, "Transactions of the E.I.C." was
published on a regular quarterly basis in 1958,

providing the sole Canadian médium for the

;
publication of papers dealing with the results

j

of research in engineering. The autumn issue

i dealing with "Ice" was supplied by special

arrangement with the National Research Coun-
cil of Canada, and has received wide acclaim.

For the second successive year the Institute

published its unique "Engineering Careers in

Canada", which provided up-to-date vocational

information and descriptions of career oppor-

tunities to ali first and final year engineering

students in Canada, as well as to high schools

and public libraries.

No historical biographies were published in

1958, but preparations were completed for the

publication of an excellent biography of Sir

Casimir Gzowski in 1959. The response to the

first E.I.C. historical biography "Daylight

through the Mountain" published in 1957, con-

tinued to be excellent, and further laudatory

reviews were received.

In addition, a number of administrative publica-

tions, including a branch manual, a student

section manual, supplements to the E.I.C. cata-

logue of films, a manual for councillors, a com-
pendium of data about professional develop-

ment courses, and several small brochures for

students were initiated.

SPEAKERS FOR BRANCHES
In response to requests for assistance from
certain branches which normally have some
difliculty in arranging for their technical pro-

grams, Headquarters gave increased attention

to providing speakers who address one or more
branches.

In 1958 Headquarters arranged for 34 speakers

to address a total of 49 branch meetings.

STUDENT AFFAIRS
As the result of the work of the Student Policy

Committee there was increased interest in the

formation of student sections. Two new sections

were in the process of organization at the end
of the year and requests for information and
guidance were received from other student
groups. Thanks to the eíforts of student repre-

sentatives and faculty advisors, 1310 engineer-

ing students jointed the Institute in 1958.

Grants to faculty advisors, amounting to $2250
were made during the year. These grants were
authorized by Council to provide financial

assistance for student member activities. In
addition, grants were made to four branches at

university centres for specific projects asso-

ciated with students activities as authorized by
Council.

Over 4,000 copies of the new pamphlet "Serving
Canadian Engineers" were distributed at the
universities. In addition, copies of "Engineering
Careers in Canada, 1958" were distributed to ali

first year and final year engineering students.

The financial assistance of the Life Members is

gratefully acknowledged. They contributed $500
to the Students Conference at Quebec and pro-

vided the necessary funds to increase the

Student prize to $50.

E.I.C. slide rule tie clips were again presented

to ali engineering students who became Student
members of the Institute.

TECHNICAL OPERATIONS
National

The report of the Committee on Technical

Operations on page 22 summarizes the major
áreas of technical operations for the year. This

part of the Institute's program has received a
great deal of attention by headquarters, in view
of its importance to the membership. In addi-

tion to advising on the technical contents of

annual and regional meetings, the committee
has assisted the Publications Committee con-

siderably, and has aided the staff in their efforts

to provide speakers to branches requiring such
assistance.

The E.I.C. assists many agencies of government
in technical matters and also co-operates with
sister societies in Canada in technical activities

of major importance. Examples of these are the

Committee on Wintertime Construction of the

Canadian Construction Association, a number
of committees of the Canadian Standards Asso-

ciation, the Canadian Radio Technical Planning

Board, and the Canadian Management Council.

International

Participation in the sponsorship of programs
of International technical organizations, and
their conferences, is an important aspect of the

E.I.C. program. In 1958 the Institute took an
active part in the Fourth Nuclear Engineering

and Science Congress held in Chicago, March
17-21. This congress brings together engineers
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and scientists of many kinds for the purpose of

exchanging new information in the field of

nuclear energy. The Fifth Congress was held

in Cleveland, Ohio, April 5-10, 1959, and tenta-

tive plans are that the Sixth Congress will be
held in New York City, in the Spring of 1960.

The Second International Heat Transfer Con-
gress will be held in the U.S.A. and in Europe in

1961. As one of the sponsoring organizations,

the E.I.C. is active in the work of the prepara-

tory committee.

Other international technical activities in which
the E.I.C. is active include the ASME Commit-
tee on Air Pollution, The Column Research
Council, The International Association for

Bridge and Structural Engineers, the Inter-

national Aviation Writers Association, The
International Federation of Chemical Engi-

neering, The International Electrotechnical

Commission, and the Society of Technical Wri-

ters and Editors.

Finally, even though the Institute is not itself

a member of the World Power Congress, since

governments are the only members, numbers of

Institute members and headquarter's staff took

a leading part in organizing ali phases of the

sectional meeting held at the Queen Elizabeth

Hotel, Montreal, Sept. 7-12. This meeting was
attended by 1200 delegates representing 41

nations.

Exchange of Teams of Engineers

between Canada and the U.S.S.R.

In January 1958, at the suggestion of the Am-
bassador of the U.S.S.R. to Canada, and with

the approval of the government of Canada and
the E.I.C. Council, negotiations were initiated

with the object of arranging for exchange visits

of teams of engineers between Canada and the

USSR.
In June 1958, it became obvious that personal

discussions would greatly facilitate the success-

ful conclusion of these negotiations. The govern-

ment of the USSR invited the President and
General Secretary to visit the USSR as its

guests while in that country, to discuss arrange-

ments in principie concerning the proposed
exchanges and, in addition, inspect typical

facilities for engineering education and a num-
ber of representative engineering achievements.

The E.I.C. Council at its meeting on July 18th,

1958 authorized the President and General
Secretary to accept this invitation, as well as

approving the expenses involved in transport-

ing these two officers to and from the USSR.
The President and General Secretary left

Canada by air on September 20th and had useful

visits with the ofRcers of sister societies in the

United Kingdom, Belgium and Denmark as they
proceeded east. On September 27th they flew

from Copenhagen to Moscow on a Russian jet

aircraft, the Tu-104.

On the Monday after arrival, a meeting was
held with the vice-chairman and sénior staff of

the Scientific and Technical Committee, and a

program that would best accomplish the pur-

poses of the visit was arranged, after a com-
pletely harmonious discussion and mutual
agreement. Following this the President and
General Secretary spent a strenuous two weeks
following the program of engineering, scientific

and cultural interests that had been arranged,

and in completing the discussions concerning
the exchanges of teams of engineers between
the two countries.

The President and General Secretary left Mos-
cow by Tu-104 on Saturday, October llth
arriving in Paris later the same day. After

paying their respects to the oflBces of the Insti-

tute's sister society in France, they left Paris

for North America on Monday, October 13th.

Prior to their departure from Canada, the Presi-

dent and General Secretary had received letters

of encouragement and interest from the Secre-

tary of State for Externai Affairs, Mr. Sidney
Smith. Mr. Smith had adv^ised ali Canadian
embassies concerned about their mission, and
the officials at each embassy were most court-

eous and helpful.

It was agreed that the áreas for an initial

Service of exchange would be petroleum refining,

petrochemistry, oil production and drilling, elec-

tronics and Communications, power stations and
the mining and the benefication of ores. Several

other áreas were considered on a tentative basis.

The delegations are to be small, and the stay in

the West countries from three to four weeks.

The E.I.C. Headquarters is acting as the clear-

ing house for the Canadian portion of the

arrangements, and the Canadian government is

kept fully informed.

Conference of Engineering Institutíons

of the British Commonweaith
This conference, which meets every four years,

met from March 19 to April 2 in Sydney. Can-

berra and Melbourne, Austrália. Representa-

tives from Great Britain. South Africa. Ceylon,

Pakistan, New Zealand, Austrália, and Canada
participated. The Canadian delegates were Dr.

C. M. Anson, Dr. I. R. Tait and Dr. L. Austin

Wright.

A report of the resolutions and recommenda-
tions of this Conference were submitted to the

Council of the Engineering Institute of Canada
in the fali of 1958 and approved. It is anticipat-

ed that the next meeting of tliis Conference

will be held in Canada in 1962.

I.A.E.S.T.E.

The E.I.C. continued to act as the Canadian

agency for the International Association for

the Exchange of Students for Technical Ex-

perience. 1958 was the sixth year of such

participation.

In January, 1958, Mr. E. C. Luke, Secretary of

the Canadian lAESTE Committee and a mem-
ber of Headquarters' staff, attended the tenth

annual meeting of lAESTE in Madrid. Spain.
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This was an excellent conference attended by
delegates and observers from twenty-one parti-

cipating nations. He reported that the annual
lAESTE exchange involves about 6,000 stu-

dents, and approximately 35,000 students have
been exchanged since the association was form-
ed in 1948. It is certain that this relatively

young international movement has become a
strong influence toward mutual understanding
and goodwill among nations.

From the point of view of total numbers of

students accommodated by Canada, 1958 was
somewhat of a disappointment. There was an
overall decrease of about 12% probably due to

general economic conditions in Canada during
the year. Many employers who had provided
places in previous years were obliged to decline

requests for the first time. 95 European stu-

dents, from 11 countries, were provided with
summer emplojonent in Canada.

However, it is encouraging to report that 24
Canadian engineering students took advantage
of the plan to visit and work in 10 diíferent

countries abroad. This was double the number of

Canadian participants in any previous year.

The collection of funds to continue the Canadian
lAESTE Travelling Bursaries was difficult in

1958, with the result that the amounts granted
to Canadian students had to be rather drasti-

cally reduced. At its meeting in October,

the Canadian Committee, after considerable

thought, decided to discontinue the bursaries

on a trial basis for 1959, to test the effect on
Canadian participation.

Further useful work was done to foster the

general growth of lAESTE in Canada. A strong
effort was made to awaken the interest and
enlist the future support of other organizations.

It is felt that real progress was made in this

direction, particularly with the Canadian Insti-

tute of Mining and Metallurgy, the Canadian
Metal Mining Association, The Chemical Insti-

tute of Canada, and the Canadian Chamber of

Commerce. Their kind co-operation is gratefuUy
acknowledged.

V UPADI Congress

The Engineering Institute was host to the V
UPADI Congress in Montreal at the Queen
Elizabeth Hotel from September 2-6. More than
100 engineers, representing 16 countries in the

Western Hemisphere, were present.

Local arrangements for the congress were made
by a committee of E.I.C. members, with Dr. I. R.

Tait as chairman.

President K. F. Tupper was named President of

the Congress, with representatives from México,

Brazil, and the United States as vice-presidents.

Simultaneous translation in Spanish, Portugese

and English was available at ali plenary

sessions.

In addition to the standing committee meetings,

a conference on engineering education was
featured. A program of investigation was pro-

posed to establish uniform practices and proce-

dures in engineering education throughout the
Western hemisphere.

UNESCO

The Canada Council is the agency of govem-
ment responsible for UNESCO matters in

Canada. It has established a Canadian National
Commission for UNESCO, representative of

appropriate departments of government and
national organization. The Institute is an official

co-operating body of the Canadian National
Commission for UNESCO, and as such it is

consulted on ali matters of interest to engineers

that are part of Canada's participation in the
program of UNESCO. The E.I.C. was repre-

sented at the first meeting of the National Com-
mission, held in Ottawa in February.

VOCATIONAL INFORMATION
The vocational guidance activities of the bran-
ches, in various forms to suit local conditions,

are reported in the annual reports of the

branches.

In addition to the great amount of the work
done by branches in local secondary schools, the
Institute distributed the pamphlets: "After
High School What?" and its French language
edition "Science Genie", and "Careers in Natu-
ral Science and Engineering" published by the

Federal Department of Labour. Approximately
1000 pamphlets and sample copies of the En-
gineering Journal were distributed.

The Institute publication, "Engineering Careers
in Canada— 1958-1959" was placed in ali Cana-
dian high school libraries, most public libraries,

and distributed to ali first and final year engi-

neering students at Canadian universities.

WIVES' ORGANIZATIONS
Although not an official activity of the EIC, the

Institute attaches great importance to the acti-

vities of the engineers wives' associations.

During 1958, the activities of the Engineers
Wives' Associations increased ali across Canada.
The aim of ali groups is to welcome newcomers
to their centres and to promote cordiality and
friendship among the wives of the members of

the Institute, and in many cases, among the

wives of ali members of the profession. Mem-
bership figures range from twenty to over three

hundred in different cities.

Commencing in 1957, a "Wives' Meeting" has
been held at the time of the Annual Meeting of

the Institute, at which reports of the groups are

presented, and ideas for future activities are

exchanged.

Respectfully submitted on behalf of the Council

K. F. TuPPER, M.E.I.C.,

President

Garnet T. Page, M.E.I.C,

General Secretary
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THE ENGINEERING INSTITUTE OF CANADA

Statement of Revenue and Expenditure
Year ended December 31, 1958

with comparatíve figures for 1957

REVENUE EXPENDITURE
1958 1957 1958 1957

Membership Fees: Administrative Expenses:

Annual, including subscriptions Salaries $109,637.33 $ 89,620.27
to The Engineering Journal $209,729.84 $204,765.01 Travelling 12,931.95 7,069.34

Entrance 3,350.50 4,378.50 other 33,513.88 32,075.07

213,080.34 209,143.51 156,083.16 128,764.68

PUBLICATIONS: DiRECT SERVICES :

Advertising 325,943.43 363,009.94 Annual and regional meetings.. 9,526.54 6,921.84

Sales 6,266.36 5,045.24 Awards, medals and prizes 698.52 545.97

óõ^,^uy.ij áocuoo.io manuais 32,381.09 28,603.66

Income from Investments 15,115.47 10,487.10 Certificates for members 241.97 —
Miscellaneous 926.32 1,175.06 Committees — general 781.74 556.63

Council meetings 5,785.54 2,529.48

Unemployment service 8,100.00 7,740.00

Engineering education 1,591.23 8,771.50

International activities 8,367.43 3,017.53

Library 14,551.27 11,926.90

Official reception
and hospitality, etc 3,452.27 3,243.17

Professional development 2,763.48 5,141.04

Publicity and membership
promotion 1,149.48 1,714.67

Student affairs 7,200.78 8,497.55

Travelling— president
and officers 991.75 1,490.78

97,583.09 90,700.72

PuBLiCATioN Expenses:
Salaries 45,226.19 43,955.52

Commissions 82,344.31 91,046.04

Printing and mailing 176,242.70 161,064.46

Other 20,629.25 14,673.40

324,442.45 310,739.42

BUILDING AND ReNTAL EXPENSES
Headquarters 10,571.28 9,731.46

Toronto office 3,300.00 1,375.00

13,871.28 11,106.46

Extraordinary Expenses :

Confederation 3,760.05 —
Total Expenditure 595,740.03 541,311.28

Appropriations to or (from)
Reserves :

Building — 30.000.00

Pensions (2,400.00) 10,000.00

Contingencies — 4,500.00

Publications — 1,500.00

(2,400.00) 46.000.00

Balance, Surplus or (Deficit)
Transferred to Surplus (32,008.11) 1,549.57

$561,331.92 $588,860.85 $561,331.92 $5SS.S60.Sr^
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THE ENGINEERING IN!

Balance
December

with comparative

ASSETS

CURRENT ASSETS:

Cash
Accounts receivable, less allow-

ance for doubtful accounts

Arrears of membership fees,

estimated

1958

$ 10,492.73

16,302.76

6,500.00

1957

$ 6,615.74

33,809.52

6,500.00

33,295.49 46,925.26

Investments, AT CosT

:

Securities (market value, 1958
$328,800.00)

Less held for special funds

341,464.55

46,508.31

362,265.80

46,900.21

294,956.24 315,365.59

fixed assets at cost

Less Amounts Written Off:

Land and building

Furnishings and equipment

Library

36,000.00

16,457.23

1.00

36,000.00

14,375.17

1.00

52,458.23 50,376.17

Other Assets:

Sundry advances and deposits ..

Prepaid insurance

2,612.53 2,320.00

646.66

2,612.53 2,966.66

Assets of Special Funds:
Equity in investments
shown above 46,508.31 46,900.21

$429,830.80 $462,533.89

5TITUTE OF CANADA

Sheet
31, 1958

figures for 1957

LIABILITIES
1958 1957

Current Liabilities :

Accounts payable $ 20,558.55 $ 15,342.23

Library deposits 3,802.50 3,802.50

Fees paid in advance, estimated 3,000.00 3,000.00

27,361.05 22,144.73

Other Liabilities:

Life members' fund 7,594.32 5,614.39

Reception and other funds 4,944.58 10,043.91

12,538.90 15,658.30

Reserves :

Building i O A AAA AA184,000.00
-t O A AAA AA184,000.00

Building maintenance 1,500.00 1,500.00

Pensions 47,966.50 50,366.50

Contingencies 29,500.00 29,500.00

Publication 26,500.00 26,500.00

289,466.50 291,866.50

SuRPLUS

:

Balance at beginning of year .. . 85,964.15 84,414.58

Surplus or (deficit) for year
transferred from statement of
revenue and expenditure (32,008.11) 1,549.57

53,956.04 85,964.15

Special Funds:
Balances per statement

attached 46,508.31 46,900.21

$429,830.80 $462,533.89

AUDITORS' REPORT
We have examined the balance sheet of The Engineering Institute of Canada as of December 31, 1958 and the

statement of revenue and expenditure for the year ended on that date and have obtained ali the information and
explanations we have required. Our examination included a general review of the accounting procedures and such tests

of accounting records and other supporting evidence as we considered necessary in the circumstances.

In our opinion the accompanying balance sheet and statement of revenue and expenditure are properly drawn up
so as to exhibit a true and correct view of the state of the aífairs of the Institute at December 31, 1958 and the results
of its operations for the year ended on that date, according to the best of our information and the explanations given
to US and as shown by the books of the Institute.

PEAT, MARWICK, MITCHELL & CO.,
Chartered Accountants.

Montreal, P.Q., March 12, 1959.

TREASURER'S REPORT
As indicated in the report of the Chairman of the Finance Committee, expenditure exceeded revenue during 1958.

Revenue for the year showed a decrease of some $27,000 from 1957 and totalled just over $560,000. Expenditure
increased some $54,000 reaching $595,000. There was a draw-down on reserves for pension payments and it was neces-

sary to reduce accumulated surplus by the year's deficit of $32,000. In these circumstances, it was not possible to add
to our various reserves during 1958.

Revenues from advertising at $325,943 in 1958 were $37,000 less than in the previous year. Increases in local

activity arising from Confederation discussions led to greater direct service expense. At the International levei —
participation in the Commonwealth Conference of Engineering Societies and exchange discussions with the U.S.S.R.,
resulted in greater staff travei.

There has been a reduction in assets in 1958 mainly in the accounts receivable and securities investments.
At the year's end the Institute's assets, according to the auditors' statements, totalled $429,830 whereas in 1957 they
were $462,533.

T. W. EADIE, M.E.I.C.,
Treasurer.
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REPORTS OF THE GOMMITTEES

ADMiSSIONS COMMITTEE

During 1958, the Admissions Committee held nine regular meetings. In ali, 424
candidates were considered and 1310 Students were admitted:

—

Applications for Corporate Membership 283
Applications for Affiliate Membership 12
Special Cases 46

'

Applications for transfer 83
Student admissions 1069 1493

Admissions through Provincial Associations

:

Applications for Corporate Membership 119
Applications for Transfer 81
Students 241 441

Total 1934

ROGER BrAIS, M.E.I.C,

Chairman.

BOARD OF EXAMINERS

The Board of Examiners held three meetings during 1958, during which 26
candidates were considered.

Five candidates were admitted after verifying and assessing their qualifications.

Four were accepted as Members and one as a Júnior member. Twelve candidates
were advised to qualify through the Provincial Associations concerned.

Two were advised to qualify through oral examinations and are still pending.
At the year end seven candidates were still under consideration.

A recommendation was made to Council and approved, concerning recognition of
qualifications obtained through British Institutions.

J. L. DE Stein, M.E.I.C,

CJiairman.

CANADIAN CHAMBER OF COMMERCE

Throughout the year, The Canadian Chamber of Commerce carried out its

responsibilities in expressing the views of business on public affairs, in promoting
improvements in Canada's trading position, and in promoting the right economic
climate for business.

Highlights were the annual meeting, held in Montreal, October 6, 7 and 8, at which
the Chamber's policies for 1959 were approved, and the presentation of these

policies to the Prime Minister and Cabinet in Ottawa on Januarj^ 9, 1959.

Following are the Chamber's official views on subjects which are of particular

interest to the engineering profession:

A major new policy statement on labour relations holds that unions should register

with the Department of Labour and comply with similar conditions. in so far as

reporting is concerned, as companies incorporated under the Companies Act. The Government has

been told that an amendment making this mandatory should be included in the Industrial Relations

and Disputes Investigation Act expected to be up for revision at the forthcoming session of

parliament.

The submission suggests that, while good industrial relations cannot be created by legislation,

nevertheless to the degree that legislation may be necessary it should be designed to ensure a proper

balance of rights and responsibilities of employees on the one hand and of employers on the other.

with due regard to the public interest.

Dealing with trade, the Chamber says Canada's trade policy should be designed to encourage the

continued development of the country's natural resources and at the same time step up industrializa-

tion. While the expansion of trade on a multilateral basis is in the best interests of the country.

Canada cannot proceed further or faster in setting the example for freer trade between nations than

is justified by the actions of the leading trading nations of the world.
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The government is asked to completely revise the Customs Tariff and the Customs Act, which are

outmoded, particularly in regard to many so-called "end use" and "class cr kind" tariff items.

The Chamber also advocates that some form of financial machinery for longer-term credit facilities

be made available to Canadian exporters, including engineering and construction, in order to enable

them to be competitive with exporters of other countries who now enjoy such credit facilities.

Chamber policy also points to the need for gradual tax reduction which can only be achieved if

spending is contained. The Government is asked to make a re-examination of the entire income tax

structure in Canada because personal and corporate income tax rates are too high for a developing

country.

Chamber policy also asks that the Government:

—

1. Take aggressive action to ensure a greater and more continuous flow of desirable immigrants.

2. Re-examine the Canadian defence programme to ensure that adequate provision is being

made for the vastly more expensive weapons of the future.

3. Complete as expeditiously as practicable the review being made of combines control

legislation.

4. Recognize with respect to any regulation required at the national government levei relating

to energy resources that this regulation should be administered by existing agencies of the

Government of Canada, augmented where deemed necessary.

5. Take the lead for the immediate establishment of machinery for interprovincial liaison and
planning for the construction of interprovincial and other highways of national importance.

6. Give secondary industries in Canada every possible support exclusive of subsidies to encourage
the export of finished goods.

7. Permit tenders for the Federal Government and the Crown Companies to be received in

regional offices at a date and time that is simultaneous throughout Canada, after which they shall be
forwarded to Ottawa to be opened.

F. G. RuTLEY, M.E.I.C.,

Representative

CANADIAN STANDARDS ASSOCIATION

During the year four meetings of the Board of Directors and sixty-two meetings of Technical
Committees were held.

Publications issued during the year included 26 new standards, 4 issues of the "Quarterly BuUetin"
and 4 issues of "CSA News". The "BuUetin" includes meeting reports, advice concerning new and
current projects and newly issued specifications, while the "CSA News" provides up-to-date

Information on CSA standardization activities, lists of newly issued specifications and lists of new
sustaining members.

The following new standardization projects were authorized by the Board of Directors:

—

Hydraulic, electric and pneumatic installations on machine tools, plumbing fixtures, electrical

insulation, design specifications for structural aluminum, surface finish of metais, explosion-

proof enclosures, skelp, and steel farm fences.

Requests for several additional new projects are now under consideration by the Board.

173 standards reached various stages of development by the end of the year as foliows:

—

36— Technical Council (Final authority for technical content)

7 —• Sectional Committees.

37— Specification Committees.

93— Preliminary Development.

In addition there are revisions to 37 standards in various stages of development.

During the year the Association granted five licences authorizing use of the certification marks,
"CSA STANDARD" and "CSA STD" indicating compliance with the provisions and requirements of

published CSA Standards.

The CSA Testing Laboratory has equipped its thermal laboratory with the necessary facilities

for the purpose of conducting extensive tests on gas appliances, equipment and accessories. The
certification service thus provided has been integrated with the oil and electric certification services

in order to provide the manufacturer with a complete and unified program for those appliances and
equipment which utilize combinations (e.g. oil-gas, oil-electric, gas-electric, etc.) of fuel and energy
sources.

The Laboratories have completed a successful year of operations and the number of applications for

certification continues to increase.

It is with regret that we armounce the passing of P. L. Pratley, M.E.I.C., who served as E.I.C. Representative
on Technical Council. A successor had not yet been appointed at the end of the year.
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CONFEDERATION

The Institute's committee is pleased to report that the year 1958 saw more
progress towards Confederation than has been in evidence previoiísly.

So far the members of the Institute have not been consulted but the councillors

have had the opportunity to study the report put out by the Joint Cominittee and
have given their approval of it. Also, the councils of the provincial organiza-
tions have approved it. It is expected the membership will be asked for their

approval shortly.

The report is based on the eight clauses presented to the Plenary Meeting of

Council at Quebec in May. There have been no changes in the basic principies or
philosophy, but amplifications and interpretations of the clauses have been made
a part of the report. Also, the report contains figures on income and expenditures

for the National Body, which are used as the basis of the proposed initial fee for the National Body.

The report also proposes that the membership authorize the creation of an Ínterim council to be
known as The Engineers Confederation Commission, which will be charged with the task of

drawing up the final agreement and the detailed by-laws and regulations necessary for the operation
of the National Body. This Commission will represent both the associations and the Institute branches
and will have on it representatives from every province and territory.

The Commission's report will be submitted to each corporate member of the Institute for approval.
Similarly, the report will be submitted to the provincial bodies. When approval from the Institute

membership and the Associations is received, the Commission will be dissolved and the National
Body will take over. At that moment Confederation becomes a reality.

The general purpose of Confederation as proposed in the report is to "enable enlarged services to be
rendered to the professional engineers of Canada." This will mean the elimination of overlapping
activities, the addition of new interests and activities, the development of efficiency in society

management, an increase in public recognition, and a reduction in costs and in individual fees.

Your committee wishes to emphasize the pleasure they have had in working with a similar committee
appointed by the Canadian Council of Professional Engineers — together constituting the Joint

Committee. In particular this applies to the members of the sub-committee who with their opposite

numbers from the provincial groups, constituted the Joint Sub-Committee. These six members met
several times throughout the year, in Toronto, Ottawa and Montreal. They have spent long and
frequent hours in discussions, in deliberations, in the preparation of documents. At no time were
they far apart in their ideas, and at the end of it ali they were completely unanimous in their

recommendations to their own committee and to the parent bodies.

This of itself was a great achievement and perhaps is the best guarantee that Confederation will

accomplish its objectives.

It is almost necessary to take a few items from 1959 in order to adequately appraise the work of

1958. In January 1959, the Institute held a Council meeting at Toronto at which the report of the

Joint Committee was considered at great length. This meeting finally passed the following resolution

:

"That this meeting of the Council of The Engineering Institute of Canada receives and now
approves with appreciation the report of its Committee on Confederation (dated 6th November
1958), instructs the General Secretary to circulate to ali members of the E.I.C. the ballet

suggested in Dr. Taifs letter of January 9, 1959, in a form to be agreed upon by the Joint

Committee and by Council, and to request its Committee on Confederation to continue its good
work until the proposed provisional Council is appointed."

Since then the report has been revised slightly and once again has been approved unanimously by the

members of the Joint Committee. It will be presented to the Council of the Institute in Montreal at

the April meeting. After approval there, it is recommended by the committee that it go to the

membership with a ballot asking for approval.

Your cormnittee believes that the road to Confederation is now open. As already explained. there are

certain steps yet to be taken, but it is not expected they will present any diíficulties. When a report

similar to this is being written for 1959, it may well record the realization of the long sought

objective — Confederation.

IRVING R. Tait, Hon. M.E.I.C..

Chairman.
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LIFE MEMBERS COMMiTTEE

The number of Life Members within the Institute membership increases each year.

The total grew from 751 in 1957 to 809 in 1958 ; 738 of these are in Canada ; 16 in

Great Britain and 49 in the United States. There are 7 in other parts of the

Commonwealth and 2 are classified as foreign. 45 Life Members died in 1958.

The Life Members Committee again administered the funds collected during the

annual appeal. The sum collected from December 1957 to November 1958 was
$3,706.00.

Disbursements were made to assist the Institute in several of its activities. For
example, $375.00 was made available to augment the Student prizes of the

Institute, thereby making the prize $50.00 instead of $25.00 and $500.00 was
donated to assist in meeting the expenses of the annual Students Conference held

during the course of the annual meeting.

The committee, at its meeting on October 24th, 1958, considered making money available in the form
of prizes or bursaries to assist worthy and needy students in meeting their university expenses.

Realizing that substantial sums of money would be required to do this on an adequate basis, the

committee has been canvassing some of the deans of engineering to get their reactions to proposals

which the committee has been considering.

No decision has been reached as yet but favourable comments have been received in every instance.

The deans emphasized, however, that as the cost of the university education is increasing steadily

it becomes desirable, if not necessary, that the amount of money available should be increased

substantially also. It is possible, that with the steady increase of contributions made by the Life

Members something worthwhile in this field can soon be done.

The Life Members in the Montreal district had a social evening at Institute Headquarters on April

24th of 1958. It is hoped that a similar event can be arranged for 1959.

L. Austin Wright, Hon. M.E.I.C.

Chairman.

LEGISLATION COMMIHEE

The legislation committee held no meetings, as no matters were referred to it

for study or recommendation.

R. B. WiNSOR, M.E.I.C,

Chairman.

NOMINATING COMMiTTEE 1959

Amherst, R. L. Alexander.
Bale Comeau, T. G. Rust.

Belleville, C. H. Lusk.
Border Cities, C. G. R. Armstrong.
Brockville, R. H. Wallace.
Calgary, A. W. Howard.
Cape Breton, C. N. Murray.
Central British Columbia, E. R. Gayfer.
Chalk River, H. V. Smith.
Corner Brook, K. Bulins.

Cornwall, J. M. Hawkes.
Eastern Townships, J. C. Davidson.
Edmonton, R. N. McManus.
Fredericton, I. M. Beattie.

Halifax, O. N. Mann.
Hamilton, L. C. Sentance.
Huronia, Ross MacKay.
Kingston, D. L. Rigsby.
Kitchener, M. A. Montgomery.
Kootenay, W. G. Small.

Lakehead, E. T. Charnock.
Lethbridge, C. S. Clendening.
London, D. D. C. McGeachy.
Lower St. Lawrence, J. R. Menard.
Moncton, L. R. Wadlyn.

Chairman

Montreal, C. G. Kingsmill.

Newfoundland, J. P. Henderson.
Niagara Península, C. G. Cline.

Nipissing and Upper Ottawa, T. H. Chapman.
North Eastern Ontário, William Kay.
Northern New Brunswick, R. C. Eddy.
North Nova Scotia, M. C. Wolfe.

North Shore Lower St. Lawrence, M. Storrier.

Ottawa, R. F. Legget.

Peterborough, B. Ottewell.

Port Hope, R. W. McNally.
Prince Edward Island, J. D. M. MacDonald.
Quebec, Paul Vincent.

Saguenay, C. C. Louttit.

Saint John, J. J. Donahue.
St. Maurice Valley, D. M. McKim.
Sarnia, Gordon W. Ames.
Saskatchewan, L. T. Holmes.
Sault Ste. Marie, F. H. MacKay.
Sudbury
Toronto, M. McMurray.
Vancouver, W. O. Scott.

Vancouver Island, Thomas Miard.
Winnipeg, T. E. Storey.

Yukon, J. R. B. Jones.

W. K. Gwyer, M.E.I.C, Trail, B.C.
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PAPERS COMMITTEES

During 1958, responsibility for the content of the technical program of the

Annual General and Professional Meeting was transferred by Council from th^

Papers Committee to the Committee on Technical Operations.

There having been no other business placed before the Papers Committee, its

activities have been restricted to providing ali possible assistance to the Committee
on Technical Operations during the period of transition.

J. H. BUDDEN, M.E.I.C.,

Chairman

POLICY COMMITTEE

The Policy Committee was established in 1957, to serve as an advisory body to the
council. It studies questions of major policy and prepares recommendations to

guide council in its actions.

In 1958, this committee took an active interest in the Institute's new program of

regional technical meetings, Zone "A" council meetings, the work of the field

secretaries, publications, student affairs and annual meeting dates, and conducted
a review of special funds now held by the Institute.

A. Deschamps, M.E.I.C.,

Chairman.

PRAIRIE WATER PROBLEMS

Once again this year the Prairie Water Problems Committee did not hold a
meeting, but its members watched with interest certain developments in the

prairie water problems.

Construction was continued on the Waterton — Belly River diversions. The
Saskatchewan and Dominion Governments completed agreements and work was
begun on the Outlook development on the South Saskatchewan. Construction work
was continued on some of the St. Mary's — Milk River canal system so that more
utilization of irrigation was possible.

A committee was formed by the Alberta Government to study the whole aspect

of irrigation during the summer of 1958, and their report will undoubtedly have
some impact on the future development and plans for development in Alberta.

The committee will continue a watching brief on the development of prairie waters, and hold

meetings as necessary.

G. A. Gaherty, M.E.I.C,
Chairman.

PROFESSIONAL INTERESTS

The activities of this Committee on Professional Interests have been largely

suspended as a result of the discussions going on in regard to Confederation.

Any new agreements between the E.I.C. and the Provincial Associations or

changes to the existing agreements have been held up until tliis whole matter
is settled or clarified.

This committee has not carried out any other specific duties and stands ready
to act when required.

E. B. JuBiEN, M.E.I.C.

Chairman

PROPERTY COMMIHEE

The committee held one meeting, on June 30, 1958, at which the President and
General Secretary of the Institute were present, with five members of the commit-
tee. Last year we reported that a large building might be erected to the north of the

Institute premises on Mansfield Street, Montreal. The chairman had severa!

meetings with the prospective owner of this building to the point that dates were
discussed of the time an offer would be made for the property of the Institute.

As a result of these discussions, it was recommended that a real estate valuation

of our property be made on the basis of ascertaining not only the present market
value but also the market value of the property in the light of real estate sales of

property adjacent to our own. This valuation was made and, while it cost about
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$400.00, your committee believed the expenditure necessary if the Institute were to consider an ofifer

of purchase. While the urgency of making a decision has lapsed, the owners of the property to the

north are still asking the Institute to place a price on our Mansfield Street property.

Several months ago the committee consulted two of the leading real estate agencies in Montreal,

asking them if they knew of, or could locate, other premises which would be more suitable. So far

neither one has made a satisfactory proposal.

There are several possible recommendations that your committee might eventually make. It must be
pointed out, however, that the present location is an excellent one and that the Institute is presently

occupying extremely low-cost space.

For immediate attention your committee recommend that, in order to overcome the present shabby
appearance and serious overcrowding, the following steps be taken during the summer of 1959

:

1. The Montreal Branch be requested to relinquish the auditorium and to rent meeting space in one
of the many excellent assembly rooms available in Montreal. The branch now pay extra dues to

the Institute for the use of the auditorium, and certain other services. Some of this revenue could

be diverted to meet the extra cost to the branch.

2. The auditorium be turned into office space after proper plans and specifications have been appróved.

The committee would like to point out that they consider the Headquarters building in its present

form and condition to be inadequate for a professional body of the standing of The Engineering
Institute of Canada. Any monies spent now to make the building adequate for present requirements

may be only a temporary measure and, in making such expenditures, the future should be kept
in mind.

F. G. RUTLEY, M.E.I.C.

Chairman,

J
^MÊÊÊ

1958 1957 1956

233,950 222,650 207,000

19,034 18,106 16,909

184 206 197

91 103 100

40 107

40 42 40

36 34

PUBLICATIONS COMMITTEE

This committee acts in an advisory capacity to the editor on the general policy

of the publications of the Institute, and makes recommendations and reports to

Council on this work.

Five meetings were held during 1958, 100 technical papers were considered, and
55 were appróved for publication.

The report on "The Engineering Journal" activities is best summarized by the

following tabulation:

Item

1. No. of copies printed

2. Average monthly circulation

3. Average number of pages

4. Average pages of editorial

5. Nimaber of abstraets printed

6. Percentage return on readership survey

7. Percent technical papers of editorial content

Papers published during the year covered the branches of chemical, civil, electrical, mechanical and
mining, and included special articles on engineering, ethics and engineering management topics.

This is the order of readership interest, as indicated by the sample readership surveys

:

1. Technical papers. 6. Personals.

2. Canadian developments. 7.

3. Business and industrial briefs. 8.

4. Abstraets. 9.

5. Employment.

An author's page and a section on International News were added during the year.

The publication of Transactions of the Institute was actively pursued during 1958. Four issues

totalling 183 pages were printed in total quantity of 54,000 at an average cost of $4500.00 per issue.

The purpose of Transactions is to bring to the members papers by Canadian authors which would
not otherwise be suitable for publication because of length, limited interest or technical complexity.

The publication has been well received since printing was resumed in September 1957, and is providing

a much needed service for Canadian research and development, with resulting enhanced prestige for

the Institute.

Comments and suggestions about Transactions are welcomed, and those engaged in the newer and
more specialized branches of engineering are particularly invited to contribute articles and to

participate in discussions.

Branch and Association News.
Library Notes.

Month-to-Month.
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The 1958-1959 issue of "Engineering Careers in Canada" was released in November. 12,500 copies

wcre printed, and the majority have been distributed to universities, libraries, engineering societies,

high-schools etc. As in the past, this activity is self-supporting.

Close liaison was maintained with the Committee on Technical Operations. This committee is most
appreciative of the co-operation extended by CTO and particularly for their assistance in revising and
up-dating the list of reviewers, which now includes over 100 authorities in various fields of

engineering.

In view of the highly technical content of Transactions, consideration is being given to the forma-
tion of a special Editorial Review Board for this publication.

The committee wishes to express its sincere appreciation and thanks to ali authors, correspondents,

advertisers and members of headquarters staff.

H. A. MULLINS, M.E.I.C.,

Chairman

STUDENT POLICY COMMinEE

Since its inauguration, the Student Policy Committee has been endeavouring
to ascertain how the Engineering Institute of Canada may best serve the imder-
graduate engineer.

Informal discussions with Faculty Advisers at several universities disclosed that

protocol, rules and regulations vary considerably among the universities and this

influences to a considerable degree the perogatives and scope allowed to a Student
Section on each campus.

At the Annual Meeting in Quebec City, twenty student delegates from fourteen

degree-granting universities attended a Student Conference where the Societj''s

role in the studenfs education and career was outlined and considered. The enthu-
siasm of the delegates and their serious concern over the problems discussed

were most encouraging and impressive.

Since the conference the Committee has been working with the Director of Membership Services in

the preparation of literature to acquaint the student with the history of the Institute and a student

section manual ( not yet completed ) that will serve as a guide for the organization of a section and
the planning of a worthwhile program.

To date the Committee has largely functioned as a fact finding agency but it is now preparing recom-
mendations for Councirs consideration. It is our hope that through the suggested program, we will be
able to stimulate the undergraduate's interest and enthusiasm while performing the services that he
requires and expects from a national professional society.

C. G. SOUTHMAYD, M.E.I.C.,

Chairman.

TECHNICAL OPERATIONS

During the administrative year 1958-59, the Committee on Technical Operations
was actively engaged in developing procedures, investigating possibilities for

enhanced technical activities throughout the Institute, and planning the program
for the 1959 Annual Meeting. The Committee met three times during the year.

Much of the work was carried out by correspondence, although frequent resort was
made to personal contact and telephone.

The six original Divisions (Chemical, Civil, Electrical, Hydroelectric, Mechanical
and Mining Engineering) were active throughout the year. Committee and
Division personnel totalled some 60 members of the Institute.

Council has approved the formation of a Management Division and a Bridge and
Structural Engineering Division.

During the course of the year the guidance provided for authors of papers at Annual Meetings was
extensively revised, to give effect to numerous suggestions arising from observations at such meetings.
Significant deadlines were also materially advanced, to provide for:

—

Receipt of title of paper and name of author or authors October 31st
Receipt of abstract of paper November 30th
Receipt of manuscript January 31st

As of December Slst, 1958 about two-thirds of the abstracts had been received. for the 46 papers
being submitted for consideration for Annual Meeting use. These cover ali fields of engineering acti-

vity in Canada, although many are tied in directly or indirectly with the Seaway.
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In addition it is planned to have a panei of five noted Canadian economists, educationalists and
engineers discuss "The Economic Impact of the Seaway".

A questionnaire was submitted to the Branches, relative to their interest in the establishment of

Branch Technical Discussion Groups informally organized to read and discuss papers presented

elsewhere, and made available through Headquarters. Such papers might be selected from among
those accepted for use in The Engineering Journal, or Transactions, publication of which would be
delayed for an agreed period to allow of such discussion Groups. Any formal technical discussion

arising from such reading would be co-ordinated and forwarded to Headquarters for reply by the

author and, possibly, eventual publication in the "Journal". The response to this questionnaire has
not yet been analyzed.

A number of proposals received by Headquarters for co-operation of one type or another with various

international engineering organizations were submitted to the Committee for investigation. Advice
was tendered in ali such cases. In two cases, proposals were laid before Council for positive action.

These were approved by Council, as noted. Assistance was given the Publications Committee in

revision of the lists of reviewers.

Respectfully submitted on behalf of the Committee on Technical Operations.

F. L. Lawton, M.E.I.C.,

Chairman

REPORT OF TRUSTEES
ON THE HARRY F. BENNETT EDUCATION FUND

Having been appointed Chairman of the Harry F. Bennett Education Fund October, 1958, it is with
some diffidence that I undertake this report on the activities of this Fund for the calendar year of 1958.

Many applications for loans were received coming from most of the provinces. Of these, 57 loans

were granted for a total of $11,750.00, repayments on outstanding loans were received in the sum of

$4,164.50 and interest on the loans of $187.74 was also received.

The Fund had a cash balance of $570.51 as of January 1, 1958 and a cash balance of $1,828.11 as of

December 31, 1958.

As on November 25, 1958 there were outstanding balances on loans of $26,906.50. While most of

these loans were reasonably recent transactions, there were a number that had been unpaid for

several years. It was the opinion of the Trustee that definite steps should be taken to collect these.

Accordingly, appropriate registered letters are being sent to these borrowers.

The Trustees feel that more precise rules of procedure should be followed in both making and
collecting loans and accordingly Procedures were agreed upon and respectfully submitted to Council.

O. HOLDEN, M.E.I.C.
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REPORTS OF THE BRANCHES

Brown,

AMHERST: 1958 activities began
February 3rd with a dinner meeting
at the Fort Cumberland Hotel. The
speaker was Lt/Col. M. C. Sutherland-

D.S.O., C.D., B.Sc, P.Eng., M.E.I.C.,

speaking on the Alaska Highway and the Col-

lapse of the Peace River Bridge. As former
sénior highway engineer with D.W.D., Lt/Col.

Sutherland-Brown gave a very informative and
interesting talk, well illustrated with slides and
movies, including the actual collapse of the

Bridge.

On February 17th a joint meeting was held

with the Moncton Branch, in Moncton, N.B. The
speaker was the Rev. Father M. W. Burke-
Gaffney, P.Eng., of Saint Mary's University,

speaking on "Sputniks".

On March 17th a counselling night was sponsor-

ed at Mount Allison University in Sackville,

N.B., for the engineering students and each
branch of engineering was explained by the

panei comprised of qualified members.

The panei was chaired by H.W.L. Doane, Vice-

President Atlantic Zone, E.I.C.

On November 7th, Mr. J. A. McLaren, Eastern
Field Secretary, E.I.C. visited the branch and a

dinner meeting was held. Mr. McLaren showed
two very interesting films "The Blasting of

Ripple Rock" and "Building Methods in the

Artic".

At a Dinner Meeting on December Sth the elec-

tion of oíRcers took place and Mr. J. D. Conlon,

Chief Engineer, Maritime Marshlands Rehabili-

tation Association, spoke on the study under-

taken by his ofRce on the proposed Tidal Power
Project which was considered for incorporation

in the Annapolis River Dam now under con-

struction to reclaim marshland in the Annapolis

Area of Nova Scotia.

Counselling was carried out by members at

Career Guidance Nights at several High Schools

in the area.

BAIE COMEAU: As our branch is new,

we did not organize any Professional

Development Courses last year, nor
did we participate in Counselling in

Schools.

We have been quite active the last two months
investigating the general situation at Baie

Comeau. Conditions here are quite different

from branches in or near urban centres. We
met with our secretary, Mr. L. A. G. Tellier,

and discussed the general problem of building

an appropriate organization.

We have no Engineers' Wives' Association at

Baie Comeau. We are interested in such an
organization, however, and will discuss it at the

next meeting of the Executive Committee.

The branch is attempting to search out methods
by which member engineers can help young
students to enter the engineering profession.

BELLEVILLE: The account of the activ-

ities of the Belleville Branch during

1958 are as follows:

Eight meetings were held during the

year including two plant tours. Meeting topics

were "Health Problems in Industry", "Water
Pollution and Sewage Disposal", "Development
of the Industry and Industrial Research in the

Uses of Plywood", "The Dock at Baie Comeau"
and "The Dew Line".

Tours were made of the Pyrotenax and the

Hinde and Dauch Paper plants in Trenton.

$25.00 prizes were given to the Grade Xin
student in each of the local high schools who
plan to enter engineering and has obtained the

highest standing in English, Álgebra, Trigono-

metry, Geometry, Phj^sics and Chemistry. The
award was broadened this year to allow a

separate prize to be given at each school. Da\ad
James and Jim Green were the winners at

Belleville C.I.V.S. and Quinte Secondary School

respectively.

The branch did not hold a Professional Develop-

ment Course during 1958.

BORDER CITIES: Nine meetings were
held by the branch during the year.

of which two were joint meetings with
the APEO. The program was interest-

ing and varied and was well accepted by those

attending. Discussion on the subject of Profes-

sional development has led the branch to the

conclusion that there is no need in the imme-
diate future due to the proximity of Assumption
College and other universities located in Detroit.

The branch has advised local schools of their

willingness to participate in counciling services

if required but there is no organized student

guidance program.

The Engineering Wives Association held two
general meetings during the year. The Annual
Spring Tea was held at the home of Mrs. J. E.

Mainwaring of April 12th and on April 29th

members enjoyed a tour of the Canadian Rock
Salt Plant at Ojibway. Other acti\ities included

a family picnic at Point Pelee on June 21st and
a luncheon at the Lakewood Golf Club on

Sept. 16th.

During the Presidenfs visit an afternoon tea

was held in honour of Mrs. Tupper at the home
of Mrs. C. M. Armstrong with members of the

executive attending. Among the groups which
are progressing very favourably are three

bridge groups and a bowling group. The mem-
bership totais approximately 81 and averages

an attendance at meetings of approximately
half the membership.
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BROCKVILLE: Seven meetings and one
plant tour were held in 1958. The topics

of the meetings covered such subjects

as Responsibilities of Management,
Engineering Aspects of Fire Underwriting, Pros
and Cons of Automation, The Acoustics of the

Shakespearean Theatre Stratford, Pitting Cor-

rosion, Water Supply and Sewage Disposal

Problems at Brockville, and Laying a Submarine
Cable in Lake Maracaibo, Venezuela. Great diffi-

culty was encountered in selecting dates for

meetings that would not conflict with the

arrangements made by the P.D. group. On occa-

sion it was felt that both Branch and P.D.

meetings would suffer unduly from having too

many engineering meetings, and as a result

joint meetings were proposed and branch at-

tendance at two of the P.D. meetings has proved
successful. The average attendance at meetings
was 35.

The 1958-59 P.D. course is a series of 10 lectures

on general aspects of law. The speakers are

from the Law Faculty of Queen's University.

The course has proved very popular, and there

is an enrollment of 57 of which 30 are non-
members of EIC.

The topics of the lectures are Buying on Credit,

Criminal Law, Criminal Procedure, Wills and
Estate Planning, The Courts and Litigation,

Motor Vehicle Accidents, Companies, The Pro-

posed Bill of Rights, Family Laws, and Real
Estate Transactions. The average attendance
has been 45. The Professional Development
Committee feel that the success of this course
will form a good basis for future courses with
regard to organization, cost and planning. This
is the third year the branch has had a Profes-

sional development course.

A membership drive was held during the year
and although considerable effort was put into

it, the results were not too encouraging. There
is a potential of 93 new members in the area
but the results of correspondence and personal

approach to these engineers is not yet apparent.

CALGARY: Four general technical

meetings were held during 1958. Ali

were of the "double" dinner type,

starting at 5.30 p.m. with a very
short business meeting and then the first

speaker. The meeting would then adjourn for

dinner. At approximately 8.00 p.m. the meeting
would reconvene and a second speaker give a
talk. The average attendance at these four
meetings was approximately 85. The branch
annual meeting, which is held in April, had Dr.

O. M. Solandt, one of Canada's leading scientists

as guest speaker and approximately 70 people
attended.

The social functions of the year included the
barbecue held for President Anson during his

visit in January, the annual "Slide Rule Soiree"
in February attended by approximately 320

people and the annual barbecue held in

September.

The first part of the year saw completion of our

first fully fledged Professional development

course. The final eight meetings of the 15-

meeting course were held in January through
to April with approximately 350 members
registered. Two courses, one on "Religious

Philosophies" and the other on "Government"
were held in the fali. Each course consisted of

5 lectures and had a registration of approx-

imately 70 people.

The Student Guidance Committee worked with

the General Guidance Committee of the Calgary
School Board in providing counselling to high

school students. An Engineers' Panei was pro-

vided for a student guidance meeting in March.
The branch also provided refreshments for the

students. Approximately 40 students attended

the meeting.

The Engineers' Wives, with a membership of

225, again had a very active year. They had a

Handicraft Group, three Bridge Groups and
a Cultural "Coste House" Group. The general

functions included a Pot Luck Supper, Annual
Dinner and The Annual Membership Tea. The
wives also made their Annual Scholarship

award of $100.00 to a high school student who
registered as a first year engineering student

at the University of Alberta.

CAPE BRETON: During the year mem-
bers received talks on "Metropolitan

Surveys" "Coal Preparation", "An
Engineer Looks at Space Travei"

"Lubrication in the Operation of an Oil Refine-

ry" and "A Visit to Austrália". Average attend-

ance at these meetings was approximately 35
to 40. On June llth the annual lobster party
was held at Alex LeDrew's summer cottage

and on October 31st the Cape Breton branch
executive members met Mr. J. A. McLaren,
Eastern Field Secretary, for discussions on
various phases of EIC activity. A social evening
was held on November 17th for members, their

wives and friends with an attendance of approx-
imately 45 couples. Reports by the various com-
mittee chairmen and by the branch chairman,
J. V. Palmer, were delivered at the annual
Business Meeting on December lOth and the
scrutineers reported the names of the branch
officers elected for 1959.

The final event of the year was the highly
successful New Years' Eve party attended by
more than 100 couples.

The Professional Engineers' Wives Association
was formed in 1957 to promote friendship
among the wives and widows of the engineering
profession. Five business meetings were held
during the year with an average attendance of
20 from a total membership of 32. During the
year a very successful tea was held at the home
of Mrs. W. R. Lewis. Many of the members
participated actively in the Mental Health Blitz.
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CENTRAL BRITISH COLUMBIA: I am
pleased to be able to report that in

1958 our membership has risen by
nearly 15% over that of last year.

This has been a continuation of the trend for

the past few years and is, I hope, a measure of

the growing importance of our branch in British

Columbia.

Our Central British Columbia Branch covers a

very large geographical area and it is, I feel,

a credit to our members that attendance at the

meetings have been so good and enthusiasm for

our projects so high.

During 1958, British Columbia Centennial Year,

the branch has brought close to completion the

ideas promoted last year of honouring those

engineers in British Columbia whose lives and
endeavours have done so much to build this

province as we know it today. Cairns comme-
morating them have been placed in a number
of leading centres in the central interior.

A number of very interesting meetings were
held during the year, in particular that which
our President, Mr. C. M. Anson and wife attend-

ed. It was a great pleasure to have our President

in attendance and I am sure his visit was very
much appreciated.

I should like to extend my sincere thanks to the

1958 Executive, especially our secretaries and
convenors who have done splendid work in ar-

ranging the meetings of the Institute during
the year and carrying out those duties which
befell them. I would like further to extend my
good wishes to the incoming 1959 Chairman
and executive and hope that our membership
will give them the splendid co-operation which
I have experienced in 1958.

CHALK RIVER: The Chalk River branch
was inaugurated on May 9th, 1958
with a nominal role of 31 members.
The boundaries of the Chalk River

branch as approved by Council consists basic-

ally of the County of Renfrew less the Town-
ships of McNab, Bagot, Blithfield, Admaston
Horton and Ross.

Meetings were held on November 19th and
December 17th at which interesting talks on
the Chalk River Project were heard and a film

entitled "Our Mr. Sun" was shown. During the

year the Chalk River branch was host to the

Nipissing and Upper Ottawa branches and the

Peterborough branch and supplied guides for a
tour of the plant. The Chalk River branch would
be pleased to arrange and conduct visits to the

Chalk River Plant A.E.C.L. at any time. Any
branches interested in this tour please contact

the branch secretary giving one month's notice

if possible.

The branch is not yet engaged in student coun-

selling activities nor has it encouraged the

formation of an Engineers' Wives Association.

In regard to the latter activity it is considered

more advantageous to encourage members and
wives meetings than to attempt to form another
group, since there are many clubs and societies

already operating in the Deep River area.

CORNER BROOK: Five technical meet-
ings, one dinner meeting and two
business meetings were held during
the year. Subjects covered during the

technical meetings were "The Application of

Air to Industry", "Communications with Em-
phasis on Trans-Canada ToU Dialing Systems",
"The Microwave System", "An Engineer Looks
at Space Travei" "Wild Life in Newfoundland".

On June 27th, a dinner meeting was held at

which Mr. W. S. Read spoke on "The Watson's
Brook Power Development". A business meeting
was held on January 28th and on November
6th, an executive dinner meeting was held with
the visiting Field Secretary, Mr. J. A. McLaren.
Attendance at ali meetings was generally good
varying from 12 to 25 members.

In general the Comer Brook Branch enjoyed
a very good year in 1958.

CORNWALL: During the year 1958
our activities were maintained at the

same high levei as in previous years.

We started off with a visit from our
Montreal Vice-President Mr. Deschamps. The
ladies were present and the two recipients of

our bursary were presented with certificates at

this time. The other meetings during the year
were of varied interest with talks on the

following:

"Economic Advantages of Complete Year
Round Air Conditioning"
by Mr. N. K. Smith of HonejTvell Controls.

"Charting Arctic Waterwaj's"
by Mr. Mike Bolton of Canada"s Hydro-
graphic Services.

"Conversion of Coal Fired Boilers to 011"

by Mr. G. Van Beek.

A visit to the Power Dam closed our season for

the summer.

The Fali season opened in October with a talk

on the "Modification of the Jacques Cartier

Bridge" by Mr. Ross Chamberlain and in No-
vember Mr. Serge Stuken of Canadian Arsenais

talked on the production of Ballistic Missiles.

It will be seen that the topics were of a more
general interest rather than purely technical.

This is in many ways dictated by the rather

varied interest of the engineers in our branch.

Attendance at ali talks was an average of 25

members.

Our membership has fallen off during the past

year and many friends we had made during the

construction of the Hydro Project have left.

No award of the Magwood Bursary was made
this year because in the eyes of the bursary

committee no student was eligible. AU students
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who were previous recipients are doing well at

their respective universities.

On April 2nd the Cornwall Collegiate and Voca-
tional School held a career day programme.
Members of our group addressed groups of

students on mechanical, electrical and civil

engineering.

EASTERN TOWNSHIPS: The branch
held eight meetings during 1958.

Most of these meetings were held

at Le Club Social de Sherbrooke, and
included a buffet supper sponsored by local

commercial or industrial firms. Attendance at

meetings was relatively high.

On January 10, Mr. R. L. Beck, engineer of the

Civilian Atomic Power Dept., Canadian General
Electric gave a talk entitled "Progress in

Atomic Energy", illustrated with slides. Mem-
bers of C.I.M.M. Sherbrooke Branch were our
guests. J. S. Mitchell & Co., sponsored a buffet

supper served before the meeting to almost 110
members and guests.

Mr. C. A. Peachy, President of the Corporation
of Professional Engineers of Quebec addressed
a joint meeting E.I.C. — C.P.E.Q. in February.
A total of 121 engineers turned out to hear
Mr. Peachey's "Plan for Unity", and enjoyed a
splendid buífet-supper offered by Codere Ltée.

The first students' night organized for engin-

eering students at University of Sherbrooke
was held at the auditorium of the Faculty of

Engineering on March 14th. Mr. Adrien Leroux,
fourth year student won the first prize with a
paper entitled "Power Factor Correction". At
the end of the meeting, lunch was served at the

Cafeteria, courtesy of Coté, Lemieux, Carignan
& Bourque, Consulting Engineers.

On April llth, C.I.M.M. Sherbrooke Branch
invited members of the branch to a meeting
sponsored by Forano Ltd. and featuring Mr.
R. F. Shaw, Vice-President of Foundation Co.

of Canada. Mr. Shaw gave a talk on the "Dew
Line", illustrated with an excellent film in

colour.

The annual meeting of the branch was held

at Beauharnois, Que. on May 3rd on the occasion
of a visit of Beauharnois Power Development
and the adjoining Seaway Locks.

The Annual Golf Tournament took place at the
Sherbrooke Country Club on September 27th.

In spite of very inclement weather, 37 members
participated. Mr. Roland Dugre from Asbestos,
Quebec won the Fabi Trophy.

Mr. F. T. Matthias, Director of Engineering and
Construction Division, Aluminum Co. of Canada,
addressed a joint meeting E.I.C. — C.I.M.M. on
Alcan's "Chute-des-Passes" Power Develop-
ment. This meeting had been arranged by the

Sherbrooke Branch of C.I.M.M. and sponsored
by Hall Machinery of Canada Ltd. At the end
of last year, the branch reached an agreement
with C.I.M.M. Sherbrooke Branch whereby two

meetings of the season would be joint meetings,

and each of the branches would organize one
meeting. This agreement was made in order

to help the local branch of C.I.M.M. which has
lost a few members following the closure of

mining concerns in the Eastern Townships.

Finally a joint meeting C.P.E.Q. — E.I.C. was
held on December 12th to honour Mr. Guillaume
Piette, President of the Corporation. On this

occasion, the president inaugurated the Eastern
Townships Chapter of the Corporation. The
officers of the new chapter are those of the

executive committee of the branch.

EDMONTON: The Edmonton Branch
held seven dinner meetings during
1958 with an average attendance of

80. A variety of speakers were heard
at these meetings, their subjects ranging from
nuclear power stations to development of

Canada's north.

One field trip to the Premier Steel Plant on the

outskirts of Edmonton was made in March.

One lecture meeting was held, the subject

being the "Deas Island Tunnel". This talk was
given by Mr. Lea of the Foundation Co. of

Canada and was arranged by the Western Field

Secretary.

The two highlights of the year were the annual
family picnic, held in June, and the annual
dance, held in November. Both of these func-

tions were well attended.

A Professional development program was begun
in the Fali of 1958 and was offered in associa-

tion with the department of extension of the

University of Alberta. The detailed arrange-
ments for this course were made by Mr. Jack
Longworth, chairman of the Young Engineers'
Committee, in co-operation with oíRcials of the

department of extension.

The program was divided into two parts. Three
lectures on "Effective Reading" and two on
"Public Speaking" were presented during Octo-

ber 20th to December 15th. The lectures were
of one and one-half hours' duration and were
held every second week. Five lectures on "Busi-

ness Management" were planned and these com-
menced on January 12, 1959. The fee for the

total series was ten doUars, or five dollars for

each half. 64 members were enrolled for the first

half of the program and 55 for the second half.

This branch did not carry out counselling in

high schools in 1958.

The Engineers Wives' Club was again very
active during 1958. 1958-1959 is the tenth sea-

son during which this Club has been in exis-

tence. A monthly meeting is held each month
from September to April. As well as these

monthly meetings, the following activities are

carried out by smaller groups within the Club:
Books, Bowling, Curling, Bridge, Handicrafts,

Dancing and Public Speaking.

The membership at the end of 1958 was 353.
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FREDERICTON: During the year the
branch held eleven regular meetings
most of which were dinner meetings
with guest speakers.

A total of seven speakers and one panei discus-

sion were heard on such varied subjects as:

1) Hydrology of the Saint John River.

2) The Organization and Operation of a City
Engineers Department.

3) The Human Side of Engineering.

4) The New Steam Generating Station of

Fraser Companies Ltd. in Edmundston,
N.B.

5 ) Prospects for Thermal and Nuclear Power
Generation in the Future.

6) Past and Future Developments in the

Telephone Industry.

7) Problems of Water Pollution and its

Control.

8) The Status of Confederation of the

E.I.C. and Professional Engineering
Organizations.

Of the seven speakers hear, five were from out-

side the Fredericton Branch and were:

Mr. A. H. Tweedie of the Royai Canadian
Engineers.

Mr. T. Bellinger of H. C. Acres & Co. Ltd.

Mr. J. Cunningham of the N.B. Telephone
Company.

Sir Claude Gibb of C. A. Parson's Co. Ltd.,

England.

Mr. D. O. Turnbull, Consulting Engineer.

The two branch members who delivered papers

were Mr. J. L. Feeney and Mr. W. L. Barrett.

Social entertainment included a dance sponsor-

ed by the U.N.B. Engineering Society, a smoker
for the graduating engineers at U.N.B. a

lobster boil in June and the upriver meeting
at Edmundston in September which included

a dinner, dance and golf tournament.

This latter function, which combined social and
technical functions was organized completely

by the non-resident members and was a great

success.

The ladies were invited to ali the social func-

tions with the exception of the student smoker.

HALIFAX: Membership in the Halifax

branch increased by 42 and totalled

598 by the end of 1958.

The technical and social program for

the year was a most successful one. Ten general

meetings were held, in addition to a very suc-

cessful showing of the pictorial exhibit "Atoms
for Peace in the USSR". The two social events

of the season were co-operative eíforts with the

Association of Professional Engineers of Nova
Scotia and took the form of a joint Annual
Banquet and a special meeting at The Pines

in Digby.

The technical meetings were generally well
attended with the notable exception being the
February meeting with sénior students at Tech.

For the first time in a number of years the
branch closed the books showing black ink. This
was done without prejudice to the general activ-

ities of the Halifax branch and as a tribute to

the enthusiasm and support of the members.

It was necessary to appoint two new members
to the executive during the year. In accordance
with the requirements of the by-laws, Mr. R. B.
Killam of Yarmouth replaced Mr. J. E. Clarke
who was transferred from the branch area, and
Mr. H. A. Marshall replaced Mr. W. J. Phillips

who was elected Vice-Chairman at last year's
election.

Headquarters this year emphasized the advan-
tages of the formation of technical divisions in

the various branches. After considerable dis-

cussion your executive decided and so advised
headquarters that technical divisions would not
be successful in our organization at this time.

However it is gratifying to note that a number
of Halifax branch members are on the National
Committee on Technical Operations.

Careful consideration was given to the organ-
ization of Professional development courses in

the branch but after much discussion it was
decided that professional development courses
would not be organized in 1958. An opinion was
expressed that the universities, The Júnior
Board of Trade and various private companies
offered somewhat similar courses, and that the
need was not as great as in previous years.

The branch was active in student affairs and is

now ready to provide student guidance ser\ices

to advance pupils at high-schools in the area.

The Halifax branch participated actively in the

Maritime Professional Engineers' Conference at

Digby and enthusiastically supports this worth-
while activity.

HAMILTON: The total membership at

the year end was 471 members, a

decrease of 31 from the pre\àous year.

There was a decrease in ali categories

except Branch Affiliates.

Hamilton Professional Development Program
continues the success it has enjoyed for several

years under capable leadership. The Director

attended meetings of the Engineers' Council

for Professional Development in Pittsburgh and
St. Louis and, together with representa tives

from Toronto and Niagara Falis, outlined the

programs being conducted in Canada. The pro-

gram has a membership of approximately 150.

A self-appraisal form is being prepared to assist

members in determining their progress since

graduation. A comprehensive reading list has

been provided to the membership.

A varied and interesting program at eight meet-

ings was held during the j'ear, and included
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a field trip to the Parkdale Works of the Steel

Co. of Canada. To change the format of the fali

stag, a beer and oyster party was held in

September on McNally's farm near Waterdown.
This was a very successful occasion in spite of

the beer strike. The Annual Engineers' Ball was
attended by 140 couples and was one of the best

balis we have had. The die casting section of

the Canadian Manufacturers' Association pro-

vided an interesting panei discussion together

with a film of the Die Casting Industry.

President K. F. Tupper visited the Branch in

November and addressed the membership on his

trip to Rússia . . . The 5:30 Dinner meeting
appears to be gaining favor in many Branches.

The program committees are commended for

providing varied and interesting meetings.

The branch news editor provided coverage of

ali branch functions in both the Hamilton
Spectator and the Engineering Journal.

The meeting attendance varied between 40 and
75. The efforts of the attendance committee are

directed to the new members of the Branch
through a phone squad.

Two very successful programs have been oper-

ated in the past two years. A course on the

general subject of Law is presently being con-

ducted by members of the Hamilton legal pro-

fession. 126 are registered of whom 59 are

non-E.I.C. members. Interest is very high in

this course.

The counselling committee maintained by the

Branch has filled several speaking assignments.

Members have been asked to assist in counsel-

ling McMaster engineering students. This pro-

gram can have beneficiai results to ali concerned
when in operation.

The first conference of a regional nature was
held in Hamilton this year. Its success is now
a well-known fact. 200 couples attended from
ali of Southern Ontário. The calibre of the

technical papers was high. An interesting pro-

gram was provided for the ladies. Many bran-
ches have inquired about the program to guide

them in preparing their own conference.

We express sincere appreciation to ali those

who have been responsible for providing the

many services rendered by the Branch in the

furtherance of the engineering profession. Your
work on the various committees is gratefuUy
acknowledged.

HURONIA: The Huronia Branch en-

joyed a fairly active year. The subject

matter of our meetings was well

diversified and maintained consider-

able interest among the members.

Counselling of high school students was car-

ried out by a committee appointed for this

purpose. This committee worked with members
of the Canadian Institute of Mining and Metal-
lurgy and extended their service to outlying

áreas of the branch through Institute members.

The desire to establish a professional develop-

ment course has not yet been noted. It seems
that the lack of a concentration of júnior mem-
bers in any one town of our area has hindered
any movement in this direction.

KINGSTON: The program for the year
was an active one beginning on Janu-
ary 14th with a paper on "A Ship
Model Milling Machine" and finishing

on December 9th with a ladies film night. In
the intervening period the branch was presented
with papers on "Vibration Problems in a Large
Utility", "Air Pollution in Hamilton, Ontário",

"Water Resources" "Some Aspects of Racing
Yacht Design" and "Modem Instrumentation
in Control of Chemical Processes". An inform-

ative and interesting panei discussion on en-

gineering education moderated by L. F. Grant
and consisting of D. M. Jemmett, D. L. Rigsby,
V. S. Ready and R. W. T. Birchard was held on
February 6th. A student paper's night was
held on March 4th and the Joint CIC, KMS, EIC
Dance took place on March 7th. The annual
meeting and dinner was held on May 31st. The
branch did not operate a professional develop-

ment course during the year but some preli-

minary plans were made for a technical con-

ference to be held early in 1960.

While the branch did no formal counselling

during the year a panei discussion on engineer-

ing education served its purpose to some extent.

KITCHENER: The Kitchener branch
was very active during the year, and
thanks to a drive by the chairman
and other members of the committee

to ensure good turnouts at meetings, the season
ended with a slight surplus. A very successful

Students Night was held at Waterloo CoUege.

The branch was successful in securing the ser-

vices of Dr. Lord as the guest speaker and the

good results obtained encouraged us to embark
on a similar program with the Ontário Agri-

cultural CoUege next year. The program might
be stimulated by instituting prizes for student
papers or some other similar activity.

The branch continued to provide counselling

services for high-school students in the area.

It has been found very diíRcult to arrange
general meetings without coming into conflict

with meetings of other local service clubs, and
probably because of this, technical meetings are
generally not well attended. On the other hand,
social functions have been very successful.

It has been the experience of this branch that

to ensure successful turn-out a great deal of

spade work must be done. Speakers topics

should be of a general and interesting nature
and some device such as a telephone committee
must be used to stimulate interest.
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KOOTENAY: The executive has taken
a great interest in the national affairs

of the Institute this year, stimulated
by the close approach to Confedera-

tion and also by the progress shown in the

development of Zone Council Meetings under
the leadership of our member and Vice-Presi-

dent, the late S. C. Montgomery, and by the

Western Regional Conference to be held in

Baníf in 1959.

The Annual Meeting in Quebec City was attend-

ed by our councillor and late vice-president,

distance preventing other members from
participating.

Locally, we have continued to hold regular

monthly dinner meetings with the exception of

October and November. The meetings, continue

to be well attended and appreciated.

We had a total of 7 dinner meetings, 1 smoker,
8 executive meetings and in addition we dis-

played the Russian and U.S. Paneis on Atoms
for Peace at a meeting of the Joint Technical

Societies in this area.

The highlight of the year was our Presidenfs
visit in April.

Our Scholarship Award of $50.00 was presented

this year to engineering student Grant John
of Trail,

We again participated in the Joint Technical

Societies' program of vocational guidance for

High School Students.

No Professional development course was offered

in 1958, although preliminary steps were dis-

cussed at our last executive meeting toward
re-establishment of this course.

Membership has shown a slight decline since

the year end of 1957. This is mainly due to

deaths, transfer and one resignation.

LAKEHEAD: The Lakehead Branch
enjoyed a successful year financially

and more important still, the general

membership showed a greater interest

in the affairs of the branch.

A total of ten meetings were held during the

year, two of which were social. The technical

meetings were well attended but there was
a decided preference for topics of a general

nature which could be related to everyday life.

The Lakehead's annual dance held in March
this year was an outstanding success with over
eighty couples in attendance. The '59 dance
committee have a high standard to emulate.

The branch was honored by having a visit

from President Dr. K. F. Tupper and the

general secretary, Dr. Garnet T. Page. A dinner

dance was held in honor of this occasion and
a good number of members and their ladies

came out to hear Dr. Tupper speak on his im-

pressions of Rússia gained on his recent trip

to that country.

The Lakehead boasts a very active Wives'Asso-
ciation and they repeated last year's success by
sponsoring an excellent supper dance foUowing
the cocktail party given by the A.P.E.O. Presi-

dent, Mr. C. T. Carson, for the district engineers
and their ladies. Mr. Carson was accompanied
by his wife and daughter and by Col. T. M.
Medland, executive director.

The ladies are not solely concemed with social

activities and for the last several years have
donated a bursary to be given to a deserving
student as recommended by the Lakehead Col-

lege of Arts Science and Technology.

LETHBRIDGE: Following is a statistical

sunamary of Lethbridge Branch activ-

ities during 1958.

Number of regular meetings 4

Average Attendance 37

Number of special meetings 2

Attendance 40

Number of field tours 1

Average attendance 40

Number of executive meetings 5

Average attendance 6

The branch did not operate a Professional

development course during 1958.

In January the film "The Eighth Sea" depicting

the St. Lawrence Seaway Project was shown to

the members at the regular monthly meeting.

A paper, suitably illustrated by slides on
"Hydraulic Model Testing", was presented to

the February meeting bj' C. D. Smith, Hydraul-
ics Engineer for the P.F.R.A. at Saskatoon.

In March, the Branch was given a talk entitled

"A Forward Look at the Telephone Industry"

by Mr. H. J. Childs, Switching and Plan-

ning Engineer with the Alberta Government
Telephones.

The October meeting took the form of a joint

dinner meeting with the Association of Profes-

sional Engineers, which was foUowed by a panei

discussion on "Professional Affairs". The panei

consisted of Dr. Govier, President of the

A.P.E.A. ; A. E. McDonald . Executive Secretar\'

of the A.P.E.A. ; C. A. Stollery, Vice-President

of the A.P.E.A. ; and J. F. McDougall, Registrar

of the A.P.E.A.

The highlight of the year was the noon luncheon

meeting in November at which time the branch
was honoured by a visit from President and
Mrs. K. F. Tupper and the General Secretary

of the E.I.C., Garnet T. Page. Following lun-

cheon. a very enlightening field trip was taken

to the Canadian Sugar Factories plant at Taber,

Alberta.

The annual "Engineers Ball" was held in De-

cember, a successful climax to the year's

activities. AU the meetings were dinner meet-

ings, and the branch was again fortunate in
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having Mr. and Mrs. G. Brown provide the

dinner music, a tradition with the Lethbridge
Branch for over thirty years.

The Ladies Auxiliary had a very successful and
active year. Regular monthly meetings were
held with bridge parties on alternative months,
and guest speakers at the other meetings
covered many interesting topics. The Highlights
of the year were the tea and luncheon tendered
Mrs. K. F. Tupper when she accompanied Presi-

dent, Dr. K. F. Tupper on his visit to Lethbridge
in November, and the year end banquet held at

the Flying Club in May.

LONDON: A Professional Develop-
ment program was organized by the

London branch for the 1957-1958 sea-

son. Two separate groups were active

and total registration for group A was 13 with
an average attendance of 6 while total registra-

tion for group B was 41 with an average attend-

ance of 17.

The branch co-operated with the Guidance Dept.

of the London School Board at their career

exposition and assisted the association of Pro-

fessional Engineers with a display booth at

which high-school students could make en-

quiries about engineering as a career.

The Engineers' Wives Association organized 4

social events during the year and entertained

the Presidenfs wife at luncheon on November
28th at which time they presented her with a
souvenir coffee spoon of the city. Membership
in the Wives' Association for the year was 146.

The branch generally enjoyed a very successful

year.

LOWER ST. LAWRENCE: The Branch
held two smokers at Rimouski early

in the year, and on October 27th, the

new executive was elected at a gather-
ing of engineers from Rimouski and the sur-

rounding area.

A ballot was held to determine the type of

program to be organized for the coming season,

and it was agreed that there would be two
mixed social events, one technical meeting, one
industrial visit to the North Shore and two
smokers.

On October 20th, a special dinner meeting wel-

comed the Field Secretary, Mr. J. McLaren,
and on December 13th the members and their

ladies held an enjoyable dinner party.

MONCTON: Nine technical and social

meetings were held during the year.

In January, J. D. Cunningham, public

relations ofRcer, N. B. Telephone Co.,

gave an address on the future of the telephone.

A combined meeting of the Amherst and Monc-
ton branches was held in February, at which,
Fr. Burke-Gaffney spoke on space travei and

related subjects. Nominations for 1958-59

branch officers were received at the March
meeting. Also, at this meeting, slides were
screened showing the pre-stressed girder bridge,

under construction, connecting Shippigan with
Shippigan Island. The annual meeting of the

branch was held on May 26th. During the sum-
mer, a Saturday afternoon cruise on Shediac
Bay, arranged by Lloyd Parsons, was cancelled

at the last moment because of stormy weather.
Instead, branch members were entertained at

the shore cottage of Mr. and Mrs. Parsons. The
fali season opened in October with an address
on investments, stocks and bonds by W. A.
Shaw, Moncton manager of Anglin, Bell and Co.

In November, the branch heard G. G. Fisch

speak on professional management today. On
November ISth, the executive entertained J. A.

McLaren, Eastern Field Secretary, at dinner
and afterwards held a round table conference

with him.

The branch membership now numbers one
hundred, the largest in some years. The branch
does not operate a professional development
course and has no counselling committee for

high school students.

We regret to record the passing of William
James Edington, M.E.I.C., whose death occurred
on September 25th.

The Engineers' Wives Association of Moncton
branch, has a membership of sixty. Mrs. W. M.
Steeves is the president and Mrs. V. C. Blackett

the secretary-treasurer. Four social affairs and
business meetings were held during the year,

the first being a bridge at the home of Mrs. W.
A. Purdy, on February 7th. The annual meeting
was held on May 9th, at the home of Mrs. J. W.
Demcoe, and officers for 1958-59 elected. Bridge
was played after the business of the meeting
had been concluded. On November 13th, a very
successful pot-luck supper was held at the

Y.M.C.A. The group was addressed by Dan
Billing, Co-ordinator of Civil Defence for South-

ern New Brunswick. On December 5th, a Christ-

mas dance and buffet supper was held in the

Brunswick Hotel, to which members of Moncton
branch were invited.

MONTREAL: The activities of the
branch are numerous, and only some
of them can be mentioned in this

report. This does not lessen the ap-
preciation of the untiring efforts of ali those
who contributed to the successful program of
the past season.

Special committees are now studying problems
in evening education, French-English member-
ship and branch Communications. The commit-
tee on French-English Membership is of special

interest, since it is unique to branches having
bilingual or multibilingual membership. Its pur-
pose is to determine whether the proportions of
French speaking and English speaking mem-
bers of the branch bear some reasonable rela-
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tionship to the relative proportions of these two
language groups in the total population of

Montreal, and if not, whether any steps can be
taken to bring the proportions more nearly in

line with what it is felt they might be.

1958 activities included the annual meeting,
students night, a National Film Board tour, a
pre-siimmer social, a golf tournament, the

annual dance, a smoker and talks on the "Ville

Marie Project" and "Construction of Bersimis
No. 2". The Professional Development Seminar
consisted of a series of lectures on Management
and Leadership, Organization, Planning, Fore-
casting, Control, Business Financing, Market-
ing and Advertising, Labour Relations, Chair-
manship and Taxation. It was attended by
approximately 45 members. The Júnior Council
held regular monthly meetings, and prepared
interesting functions and meetings for the 1400
Júnior E.I.C. members.

A Telephone and Publicity Committee operates
in the Montreal branch. Its main functions are

to contact and advise members by telephone
and to write and edit reports on meetings and
other functions.

A Special Studies Committee was formed to

inquire into ways and means of improving the

Branches programs and activities, and a Social

Club Investigation Committee was given the

task of determining the feasibility of organizing
a social club for engineers and friends who
could meet informally for luncheons and other
planned activities. Student representatives were
very active at the universities, and more than
100 students attended the Students Night.

The technical sections presented varied pro-

grams. Thirty-four interesting papers were
presented, and a number of field tours were
made.

In the course of the year the branch organized
two forums to acquaint graduating high-school

students with the profession of engineering, its

challenges, its rewards and its responsibilities.

Work also advanced on the preparation of a
manual on student guidance which it is hoped
may be made available to branches throughout
Canada.

NEWFOUNDLAND: The branch had
another successful year with good
turnouts at monthly meetings, and a

favorable financial situation existed.

During 1958 we held seven general

and six executive meetings. The general meet-
ings took the form of dinner meetings, and we
were fortunate in securing prominent speakers
for each of these occasions. Some of our speak-

ers were Dean D. L. Mordell, M.E.I.C., McGill

University, and Mr. J. A. McLaren, M.E.I.C.,

Field Secretary.

As in previous years, we had a students night

at which three engineering students from

Memorial University presented papers on the
subjects of their choice. Mr. G. Moores was
awarded the prize of $50.00 for his paper on
Stock Market Trends.

The social highlight of the year was the annual
dance in April,

NIAGARA PENÍNSULA: The 1958 pro-

gram began on January 30th when a
joint EIC - APEO meeting was held

at Niagara Falis. On March 15th,

many members attended the Regional Technical

Conference at Hamilton, and in April members
enjoyed a tour of the Atlas Steel Plant in

Welland, followed by dinner.

The Niagara Península Branch Annual Meeting,

which is also the Annual Ladies Night, was held

on May 9th. Following the reception and dinner

an interesting talk on glass was heard. The
pre-vacation program ended in June with a
visit to the Huntley Generating Station at

Buffalo, N.Y.

The 5th Annual Professional Engineers Ball

was held on September 26th in co-operation

with the APEO and was attended by approx-

imately 200 couples. In October the branch
listened to an interesting talk on Education and
Technical Advances in Rússia, and in October

they were addressed on the subject "Building

a Greater Canada".

The Presidenfs visit to the branch took place

on November 27th, and on December 4th the

final meeting was held at which a paper on the

Burlington SkjTvay was presented.

The majority of EIC events in this region are

held as joint affairs with APEO, and this ar-

rangement has been most satisfactory.

NIPISSING AND UPPER OHAWA: No
Professional development courses were
offered by the branch in the past

year. Counselling for high school stu-

dents was carried out in 1958 and a "Studenfs
Night" was successfully held in March with

29 Students in attendance at a dinner meeting.

This event is again planned for next year.

Highlights of the year included the \ãsit of

President Tupper and General Secretary Page
and a field trip to the Atomic Energy Plant at

Chalk River.

Our Branch does not have an Engineers' Wives"

Association, as such, but on the occasion of the

Presidenfs visit, an afternoon tea was held by
the wife of our Branch Chairman in honour of

Mrs. Tupper.

NORTH EASTERN ONTÁRIO: This

branch was in the process of re-

organization during 1958. and no
formal program of acti\ities was

carried out.
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NORTHERN NEW BRUNSWICK: The
branch held a total of eight meetings
during 1958 including five general,

two executiva and the annual meet-

ing. Attendance at the general meetings aver-

aged about 40% and at the annual meeting
about 60% of the active membership. Branch
membership totalled 65 on December 31, 1958

as compared to 62 on the same date in 1957.

The first general meeting of the year was held

in Dalhousie on February 21. The guest speaker

was Mr. R. C. Eddy, M.E.I.C., of Bathurst, who
gave an interesting talk on the Sematic Reac-

tion, or S-R-Grid.

The second general meeting was held in

Bathurst on March 28. FoUowing a business

meeting, the members saw the film "Our Mr.

Sun", supplied by the New Brunswick Tele-

phone Company.

The third general meeting was held in New-
castle on May 10. Guest speaker was Mr. H. D.

Scully, manager of Nesbitt, Thomson & Com-
pany Ltd., Saint John, N.B. Mr. Scully gave a

very interesting talk on the services rendered

by an investment dealer and on the different

types of securities on the market.

The annual meeting was held at the Country
Club in Dalhousie on June 6, with the ladies

present. A brief business meeting was held to

provide for the installation of new officers. The
guest speaker was Mr. E. A. Barks, Regional

Meteorologist of the Atlantic Provinces. Mr.
Barks gave an interesting outline of the devel-

opment of weather forecasting in which he

covered the growth and scope of the weather
services of Canada.

The fourth general meeting was held in Camp-
bellton, on October 1, The guest speaker was
Mr. G. B. Lawson, who until recently was a

design engineer with Fraser Co. in Edmundston
and is presently associated with Fraser Co.

sales division in Montreal. Mr. Lawson gave
a very interesting and aptly illustrated paper
on the new steam plant extension at Fraser
Co's Edmundston mill, which produces pulp for

the Fraser Co's paper mill in Madawaska, Maine.

The fifth and concluding general meeting of the

year was held in Bathurst on November 18.

Guest at this meeting was Mr. John A. McLaren
of Toronto, the Eastern Field Secretary of the

Institute, who was completing his first Maritime
tour. Mr. McLaren's talk concerned the many
functions of the Institute and he pointed out

that one of his main duties was to bring the

facilities of the Institute's Headquarters closer

to the outlying Branches. Two films, entitled,

"Ripple Rock", a description of the April 5

demolition and "The Eighth Sea", a description

of the St. Lawrence Seaway Developments were
then shown.

NORTH SHORE LOWER ST. LAWRENCE:
The branch had a very active and
successful year with the main activ-

ities being five dinner meetings and
two field trips. Mixed dinner meetings are found
to be especially successful and talks were heard
on the following subjects: "The Canadian
British Aluminium Development", "Arctic

Construction", "Town Planning", "The Early
History of Knob Lake Area", and "Aerial

Photography for Engineering Construction". On
March 21st a party of engineers made a field

trip to Mile 84, Bell Telephone Site for installa-

tion of micro-wave scatter system. On July 19th

a party of engineers made a field trip to the

tanker "Imperial Edmonton" which is partici-

pating in an inovation of having an oil tanker
remain in port to fuel ore carriers.

The program was very well supported by mem-
bers and their guests and in general the branch
had a very successful year.

NORTHERN NOVA SCOTIA: This sea-

son's activities commenced with an
executive meeting on June 19 at

which time arrangements were made
for election of new officers and other matters
were discussed.

The first general meeting was held on July 31

and Dr. Mordean Goodman, formerly professor

of geology at Dalhousie University, was the

special speaker. Dr. Goodman's address on the

principie methods of geophysical explorations

was well received by the small group present.

The ballots were opened at this meeting and the

election of officers was announced.

A dinner meeting was held on Nov. 10 to wel-

come Mr. J. A. McLaren on his first official visit

to this branch.

The group, consisting of fourteen members and
Mr. McLaren, was entertained during dinner by
bagpipes and Scottish dancing. After dinner
two interesting films were shown, "the Demoli-
tion of Ripple Rock" and the "Construction of

the Railroad from Seven Islands to Knob Lake".
Mr. McLaren also addressed the meeting, out-

lining the functions of the E.I.C. Library and
other services of the Institute.

The next meeting will be called early in Febru-
ary and the main thing on the agenda of that
meeting will be a discussion of Confederation.

OTTAWA: The Ottawa Branch held 16
functions during 1958— 10 luncheons,

3 evening meetings, one field trip,

one dance, and the annual spring golf

tournament. Ali but one of these were held
jointly with other engineering groups.

Attendance averaged 80, with a maximum of
125. The field trip was attended by 75 people.

33



In May, the chairman and treasurer joined the

President and General Secretary in launching
another satellite of the Ottawa Branch, The
Chalk River Branch.

Our most exciting task for the year was pre-

paring for the celebration ceremonies and a
banquet to mark the Fiftieth Anniversary of

the Ottawa Branch. Under the chairmanship
of Mr. R. F. Legget, a semi-centennial commit-
tee was set up early in the year, and the first

fruit of this committee's labours was a banquet
held on 17 January, 1959.

In addition to chairing this committee, Mr.
Legget prepared, in collaboration with Mr. S.

G. Frost, a history of the Ottawa Branch,
published in booklet form as a souvenir of the

Semi-Centennial.

PETERBOROUGH: Following a very
interesting spring program, the

Branch held a successful Golf Day on
June 28th. The fali program consisted

of four meetings at which speakers dealt with
general subjects, a very successful field trip to

AECL at Chalk River, and a "Pub" Night.

As in past years, the Branch has co-operated in

student guidance where requested, but has
relied on the various other organizations oper-
ating in the area to do the bulk of the planning.

The Engineers Wives Association organized a
number of interesting events, and reported a
very successful season.

PORT HOPE: During the year 1958
the branch held six meetings with an
average attendance of 20, except on
Ladies Night when more than 40 were

present.

In January the branch received a talk on "Per-
sonality Development for Executivas and Fore-
men", and in February the subject was "Do
You Keep a Notebook ?" A field trip to Toronto
to view the hydraulic model of the St. Lawrence
Seaway was organized for April and in October
a talk on "Investment Outlook for 1959" was
received. The year's activities ended in Novem-
ber with the showing of a film "Atomic Energy
in Canada".

PRINCE EDWARD ISLAND: Five regu-
lar meetings were held during the

year 1958, of which three were dinner
meetings and one was a film and

lecture night. These were held jointly with the
Association of Professional Engineers of P.E.I.

The fifth meeting was our annual picnic, which
was held at Keppoch Beach at the cottage of

the Chairman, C. W. Currie.

The annual meeting was held at Charlottetown
on November 11.

There were no professional development courses
conducted here but three short lectures were
given to student engineers.

QUEBEC: Le point culminant des acti-

vités de la Section de Québec au
cours de Tannée 1958 fut sans doute
la ténue de TAssemblée Générale An-

nuelle de Tlnstitut dans nos murs. Plus de neuf
cents délégués y assistaient. Le Comité Exécutif
offre ses remerciements au Président du Comité
d'Organisation, M. Ben O. Baker, et à tous les

membres de ce comité dont les efforts ont
grandement contribué au succès remporté.

Quatre conférences techniques ont été présen-
tées cette année. La réunion conjointe du mois
de janvier oú Ton présenta des travaux sur
quatre aspects différents de Tétude des satellites

fut sans contredit la mieux réussie de Tannée.
Plus de trois cents personnes étaient présentes.

L'assistance aux trois autres conférences fut
d'environ vingt-cinq.

Le tournoi annuel de golf de la section, tenu le

15 septembre au club de golf Royai Québec,
a été encore une fois Tévénement social le plus

populaire de Tannée. Une soixantaine d'ingé-

nieurs de Québec participaient avec leurs

épouses aux différentes activités de la journée.

Le Comité exécutif remit au programme une
partie d'huitres qui eut lieu au début de décem-
bre. Malgré cette période de Tannée moins
propice aux activités de ce genre, une quaran-
taine de membres répondirent à l'appel.

Au début de septembre, le Conseil de la Section.

de concert avec Tassociation des diplômés de
Polytechnique, avait le plaisir de recevoir la

visite de M. Robert THermite, directeur des
laboratoires des Travaux Publics et Bâtiments
de France. Notre visiteur exprima son ardent
désir de promouvoir des échanges de \Ties entre

ses confrères de France et les ingénieurs

canadiens.

Cest avec un vif plaisir que le Comité Exécutif
souligne la nomination de M. Guillaume Piette.

à la Présidence de la Corporation des Ingénieurs

Professionnels de la Province de Québec. et

aussi rélection au Parlement Fédéral de Mes-
sieurs Maurice Bourget et Yvon Tassé, tous

membres de la Section de Québec.

Grâce à la coopération du Ministère Provincial

du Bien-Etre Social et de la Jeunesse, nos mem-
bres ont eu encore cette année Topportunité

de suivre des cours de perfectionnement en

structures.

SAGUENAY: The Saguenay branch
has just completed another interest-

ing and active year. The executive

met 11 times to discuss Institute

aífairs and to consider the activities planned

by the various committees. As usual, ali activ-

ities were run in co-operation with the Sague-
nay Chapter of the Corporation of Professional

Engineers of Quebec. This arrangement has
proven to be of mutual benefit. The meetings
committee did an excellent job. organizing a

total of 8 meetings in the course of the year,
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not counting the annual meeting. These meet-
ings covered a variety of subject material in-

cluding physics, lubrication, mining, finance,

instrumentation, metallurgy, sales, hydro-elec-

tric power systems and local history. Two of

these meetings were organized jointly with the

local branch of the C.I.C. In addition, there were
three field trips. The Spring program of the

Professional development activities consisted

of two subjects: "Experimental Design" and
"Public Speaking". Each group held six meet-
ings and total registration was 19 of whom it is

estimated that 75% attended.

The Autumn program consisted of three cour-

ses, Investment Policy for the Individual, Statis-

tics, and Great Books. The first two were held

both at Arvida and Isle Maligne while the last

course was held only in Arvida. Ten meetings
are scheduled for the branch year. Registration

is 44 and average attendance runs at approx-
imately 80%.
With the co-operation of local branches of the

C.P.E.Q. and C.I.C. a series of talks is held each
year at local high-schools. The talks usually

last about an hour and are followed by an
informal question period. In 1958 a meeting
was held at each nine schools and a total of

384 students attended. This program has
been enthusiastically received by the school

administrations.

SAINT JOHN: In addition to the

annual meeting, the Saint John branch
held four dinner meetings, four Pro-
fessional development meetings, two

plant visits, a picnic and a Hallowe'en party.

The average attendance at the dinner meetings
was 34 and talks were heard on

:

"Broader Education for Engineers"
"A Forward Look at the Telephone Industry"
"An Engineer Looks at Space Travei"
"Professional Management Today"
"The New Thermal Power Plant in East

Saint John"

The Professional development series included
the following subjects:

"Art and Architecture"
"The Saint John Exhibition"
"Saint John— Its Past and Future"
"Historie Fort LaTour".

There was no definite enroUment for this course
but members' wives were invited to each meet-
ing and the average attendance was 32.

At the executive meetings, seven of which were
held, the average attendance was seven. In
addition, the Board welcomed the eastern field

secretary, John McLaren, in November to an
executive luncheon at which twelve were
present.

As usual, the plant visits proved to be very
popular and the picnic and Hallowe'en party
provided notes of variety which attracted

several members to their initial appearance at

our functions.

r::;BzC] st. MAURICE VALLEY: 1958 was mark-
N ed by a 14% increase in E.I.C. mem-

bership in the St. Maurice Valley.

This was due partially to existing

members being transferred to the Valley and
partially to a concentrated membership dríve
by the Membership Committee during the early
part of the year. There were 9 general meetings
held including the E. S.J.C, dance in May and the
E.S.J.C. golf tournament held in August.

The year's activities began with a smoker and
film night held in Shawinigan during February.
This was followed by a mixed dinner meeting in

Three Rivers in March. This was strictly a
"Ladies' Night" with the T. Eaton Company
supplying a speaker on "Home Decorating and
Furnishing". The men again regained their

domination however, with three members of
the branch making up a panei discussion on
cameras and photography, this meeting being
held in Shawinigan during April.

At the end of May the annual dinner meeting
and election of officers was held in Shawinigan,
with Brigadier C. Wallis, a member of a man-
agement consultant firm as guest speaker. In
the middle of June a joint field trip with the
C.I.C. was held, with the group visiting the
Beaumont Power Development of the Shawini-
gan Water and Power company some ten miles
north of La Tuque. This concluded the Society's

activities for the summer months with the ex-

ception of the annual E.S.J.C. golf tournament
held in the Ii-8-Eb country club in Three Rivers
in August. Some 130 golfers took part in the
"Duffers Tournament" with approximately 170
members attending the buffet held in con-
nection with the tournament and at which the
noted sports columnist Baz 0'Meara was guest
speaker.

The regular fali activities resumed in October
with a general meeting in Three Rivers at which
Mr. L. F. Tsao, noted Chinese journalist, busi-

ness man and former member of the United
Nations Secretariat gave an extremely interest-

ing insight into the present China situation.

It was appropriate that the final meeting of the
year, was without doubt one of the most in-

teresting, with Dean D. L. Mordell, Dean of
Engineering at McGill University speaking on
"Satellites".

This year did not include a visit from the Presi-

dent with Dr. Anson having visited the branch
in November 1957 and Dr. Tupper scheduled
to arrive here in February 1959. There was
no Professional development course held during
the year, although it is hoped, after the ex-

tremely successful one in 1957, to plan one for

the fali of '59 or the early winter of 1960. No
active counselling was carried out in the schools,

however, a one year bursary honouring a life

member of the branch, Mr. F. X. T. Berlinquet
was given to Lavai University and was awarded
a St. Maurice Valley engineering student, Mr.
Bernard Beland. The branch has retained its
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predominately male character with no Engin-
eers Wives' Associations having been formed.

Six executive meetings were held during the

year, with alternate meetings being held in

Shawinigan and Three Rivers.

SARN IA: Ten meetings held during
the year included a smoker, organ-

ized and run by the juniors of the

branch, a dinner dance on the occa-

sion of the Presidenfs visit, the annual meeting
with the election of officers and seven meetings
at which speakers were heard on the following

subjects: "Investments", A Detergent Alkylate
Plant", "Industrial Television", "Rocket Fuels",

"Forestry Engineering and the Canadian Pulp
and Paper Industry", "Safety and the Engineer"
and "Professional Management Today".

During the year the membership of the branch
increased from 158 to 165. The branch, in co-

operation with the Provincial Association made
arrangements for candidates to write Profes-

sional engineers exams in Sarnia. A member
was also provided to serve on the Harbour
Advisory Committee which is assisting the city

to prepare for the opening of the St. Lawrence
Seaway.

The Professional development course was most
successful and consisted of a group of qualified

speakers discussing "The Canadian Economy".
Sixty engineers enrolled in the course and the

average attendance at lectures was 45.

The branch was active in providing student

guidance when requested by local high-schools.

The Engineer Wives Association completed
their second year of activity. The 75 members
assisted in organizing the annual dinner dance
as well as carrying out a varied program of

their own.

SASKATCHEWAN: The branch had the

pleasure of entertaining two Institute

presidents in 1958. On both occasions

the visiting officers sat in on the regu-

lar monthly meeting of the executive committee.

Both presidents spoke to the engineering stu-

dents at the University of Saskatchewan. They
joined the membership at a social event in the

evening and gave interesting talks on the gene-

ral activities of the Institute. The branch being

located so far from headquarters in Montreal,

these visits by the President and the General

Secretary have a unifying effect and we look

forward to similar visits in the future.

The branch has been active in the organization

of a Western Regional Meeting to be held at

Baníf in October. The Saskatchewan branch is

pleased to co-operate with other branches in

Zone A to arrange a useful technical program
for this meeting. During the year the Saskat-

chewan branch was represented at two Zone A
Council Meetings, one held in Edmonton on

March 28th and the other in Calgary on October
18th. The branch was also represented at the

1958 Annual Meeting in Quebec City by Prof.

J. B. Mantle. In accordance with the wishes of

students at the University of Saskatchewan an
officially recognized student branch of E.I.C.

was set up during 1958. A regular section was
also set up at Regina which had for many years

been directly controlled by the executive. Estab-
lishment of this section makes the organization

more consistent throughout the territory and
the Regina section now has its own slate of

officers and looks after its own affairs like

other sections.

The Engineering Institute Prize for 1958 was
presented to Mr. H. D. Barber of the University

of Saskatchewan by President Tupper in

November.

During the year the branch was visited by
Commodore A. C. M. Davy, Western Field Secre-

tary, and by Mr. Henry P. Gatin, Director of

Membership Services at Headquarters. These
visits improve Communications between the

branch and Headquarters and are most welcome.

SAULT STE. MARIE: The 1958 season
got underway on February 14th, with
a talk from the City Engineer on
some engineering details, financing.

and criticai need of a road underpass currently

being constructed. The next meeting on March
28th was a non-technical but very interesting

talk on history of early Indians in the Sault

area by Mr. C. Lawrence. Coloured sUdes and
a display of Indian artifacts accompanied the

talk. The May 2 meeting consisted of a field

trip through the new Mannessman Seamless
Tube Plant. Last minute failure of arrange-

ments caused the cancellation of a mixed-social

affair on May 30th. On October 2nd a film on the

mid-Canada Early Warning System and a film on

the Micro Relay across Canada were showTi.

On November llth we were honoured by the

Presidenfs visit along with Mrs. Tupper and
Dr. G. Page. The annual meeting was held on

December 12th.

Attendance of resident members has averaged

approximately 45%. Interest was shown by the

ladies during the presidential visit in the forma-

tion of a ladies group. Progress on this matter

will be reported in 1959.

SUDBURY: On January 16th Father

Furlin of the Sudbury University

spoke on progress in the establish-

ment of a university at Sudbury. Dr.

Bruce Wilson of the Inco Medicai Ser^^ce also

gave an interesting talk on Civil Defense. On
February ISth Mr. D. W. Grey spoke on "Forest

Management" and one month later Mr. Lennox
Lane discussed the Sudbury Parking Autliority

after which Mr. Hugh McGinn spoke on

"Ignition Rectifiers". The program at the April
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lOth meeting for members and their wives con-

sisted of a social evening after which a film on
the "Dew Line" was presented. The annual meet-
ing was held on May Sth and was followed by a
film on "In Pursuit of Wisdom" presented by the

University of Toronto. The joint meeting with
the APEO was held on October 7th when Mr.
John Fox addressed 105 members of both
organizations. The October program consisted

of a field visit to the Johns Manville plant in

North Bay, and another field inspection tour

to the mining property of Falconbridge at

Fecunis Lake was held on the occasion of the

visit of the President and the General Secretary.

This latter trip was followed by a social

evening. The program was terminated on De-
cember llth when Bruce Hamilton addressed
members on "Stainless Steel".

Seven executive meetings were held during the

year but no professional development courses

were organized.

The Education Committee carried out voca-

tional guidance programs at eight high-schools

in Sudbury and district.

Generally speaking the year's activities were
very successful and the average attendance at

the seven regular meetings was approximately
41% of branch membership.

TORONTO: Fifteen general meetings
were held during 1958. They included

the annual branch meeting, two
plant visits, nine regular meetings

and three special meetings, one a students

night, the second a ladies night and the third

the occasion of the Presidenfs visit. The annual
meeting was held on Friday, February 17th,

at the King Edward Hotel. The dinner was
attended by 135 people and following dinner in

the business section the guests were addressed
by Prof. M. H. Hewer, Associate Professor in

the Department of Mining Engineering at the

University of Toronto. The subject of his talk

was "The Construction of Hydro-Electric and
Thermo-Electric Projects in Pakistan".

The final meeting of the spring session was a
visit to Avro Aircraft Limited at Malton, where
we' were privileged to see the detail of the final

assembly shops, the flight line of the Avro
Arrow, and films of the first flight of the

i aircraft.

' Fali activities began with a plant visit to

Granda Engines on Thursday, September 25th.

Turnout to these plant visits was exception-

ally good and a sincere vote of thanks is

due Avro Company and their subsidiary

organizations for the time and trouble expend-
ed in the organization of these extremely
interesting plant tours. The nine regular meet-

I

ings of the branch consisted of papers on the
' following subjects: "Forest Engineering and
the Canadian Pulp and Paper Industry" by
C. B. Davis, "From Icarus to Earth Satellites"

by B. Etkin, "Education and Industrial Progress

in Japan" by K. Piekarski, "The Cost of Hous-
ing" by R. F. Legget, "The Iron and Steel

Industry in Rússia", by P. E. Cavanagh,
" 'Ripple Rock' Devil Beneath the Sea" by R. S.

Dick Harding, "Satellite City" by Roger B.

Dennison, "Some Observations on Engineering
Contracts" by Paul H. Mills, "Some Observations
on the Future of Metals" by Dr. L. M. Pidgeon.

The attendance at regular meetings varied from
50 to 200 with the average attendance about 100.

Several joint meetings were held by the E.I.C.

The first was the meeting on Saturday, March Ist

which was held in conjimction with the Royai
Canadian Institute, the meeting of October 30th
was held in conjunction with the joint area
committee which is made up of the E.I.C. and
the I.C.E. The meeting of Thursday November
20th saw members of the Toronto section of

A.I.E.E. invited as special guests. Toronto
branch members in turn were invited to join

A.I.E.E. members at their supper club meeting
held at Hart House the same evening.

Students night was held at Hart House on
Friday, February 7th. The program took the
form of the $64,000 Question and master of

ceremonies was Prof. L. E. Jones. 28 students
participated and prizes of more than $100 were
distributed.

Ladies Night was an informal buffet dinner
and dance at the Boulevard Club on Friday,
November 28th. 250 people attended. The
Presidenfs visit was held in Hart House on
January 7th. Guests and members were given
the opportunity of meeting and talking with
the President and his associates, at the conclu-

sion of the business meeting.

In addition to the meeting program of the
Toronto branch, both the joint I.E.E. - E.I.C.

Committee and the Joint Area Committee
(Civil) conducted similar meetings of more
particular interest to the electrical and civil

engineering fields. Considerable interest was
shown in these programs especially that of the
joint Area Committee, where meeting attend-
ance is comparable to the attendance at the
general branch meetings.

Professional development courses organized by
the branch are operating actively on a three-

year basis. The enrollment is 130. The Toronto
E.I.C. Wives Auxiliary had a very satisfactory

year and now have a mailing list of 230. Several
interesting meetings were held during the year
and the group was instrumental in entertaining

the wives of the visiting English engineers who
visited Toronto last spring.

Counselling activities by the E.I.C. Toronto
branch is done at the request of Career
Counsellors of which there are many in the
high-schools of metropolitan Toronto. Speakers
are provided where requested and the branch
co-operates in the distribution of the booklet
entitled "Engineering Careers in Canada".
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The branch wishes to express its appreciation

for the help given to the various activities of

the Toronto branch of E.I.C. by the Eastern
Field Office at 160 Eglinton Avenue East.

VANCOUVER: The Vancouver branch
held 17 functions of various kinds
during the year. Activities began on
January 22nd with the joint meeting

with the Professional association. This meeting
took the form of a panei discussion on "Engin-
eering Ethics" and was well organized and
executed. The professional development course

began on January 29th and on February 4th
the annual get-together with the members of

the student section of the Vancouver branch
was held. The President of the Institute visited

the branch on February lOth and this was one
of the highlights of the year. The Structural

Engineering Section presented a film on "Con-
struction of the Nelson Bridge over Kootenay
Lake" on February 18th and the following week
in a joint meeting with the association, the

branch toured the new plant of LaForge Cement
Company of North America. The March llth
meeting was held jointly with the provincial

association and Wing Commander A. L. Bocking
spoke on "Air Defence in North America". On
March 18th the Structural Section again pre-

sented a film on "Construction of the Pont-
chartian Bridge". On March 22nd members
and their families visited the Stanley Park
aquarium and were given a behind-the-scenes

tour. The annual branch meeting was held on
April 16th and Dr. Chris Riley spoke on "Thf
History of Mining in British Columbia". The
Seattle chapter of the American Society of

Civil Engineers entertained members and their

wives royally on May 17th and in June the

branch viewed a film entitled "The Powerful
Horseshoe" dealing with the Niagara Develop-
ment and enjoyed a field trip to C.P.A. where the

new Bristol Britannia was open for inspection.

The fali program consisted of an interesting

talk on small boats by John Brandlmayr, an
illustrated talk on "Welding Failures" by R.

Clough, an illustrated talk on "Avalanche
Defence" by Mr. Peter Schaerer and a field trip

to one of the sites of the B.C. Telephone Com-
pany Micro-wave System. One of the major
events of the season was the annual ladies

night, formal, at the Hotel Waldorf

.

VANCOUVER ISLAND: The branch
had an interesting and active season

and the general program was well

received by the members. Profes-

sional development courses were not organized

as it is felt that there are sufficient night-

school and college courses available to members
wishing to participate in such activities. The
branch provides counselling services when re-

quested by high-schools but has not organized

a formal counselling service. The branch sup-

ports an Engineers' Wives Association which
has just completed an active and successful
season.

WINNIPEG: The affairs of the branch
were carried out in a commendable
manner by those responsible for

operation of activities.

The situation in respect to the attendance at
meetings has improved.

During the year we were fortunate in that two
Presidents visited the branch. In the spring,

Mr. Anson was here and paid a visit to the
students section at the University of Manitoba
and in the fali Dr. Tupper was with us for two
days, during which he met with members of the
branch. He had luncheon with the president of

the University and afterward addressed a
gathering of the students and in the evening
had an interesting meeting with the Branch
Management Committee.

A Professional development course was not
organized this year. There was diversity of

opinion regarding the kind of course to be
given and these did not become sufficiently re-

conciled to permit the carrying out of this

feature of branch function in 1958.

During 1958, which was the fifth full year of

operation, five meetings of the civil section

were held and the section executive convened
on six occasions. Two plant visits were made
and one social event held.

At the general meetings an average attendance

was forty-two. Plant visits appeared to have
more appeal as fifty members attended each
of these. The section membership is now two
hundred and twenty-five.

The Electric Section held six general meetings,

with an average attendance of 42. Three plant

visits were made and the overall average at-

tendance was 59.

The membership increased during 1958 to 183.

However, as a result of the survey taken near

the end of 1958, a cutback reduced the number
on the mailing list to approximately 100.

The attendance is increasing somewhat. but

there remains much room for improvement.

The student section liolds monthly meetings

during the academic year and the subjects dealt

with are varied in substance and in methods of

presentation. Films are used extensively, but

the section and the branch endeavour to obtain

speakers for student meetings.

The approximate membership of the Student

Section is 350, with an average attendance of

200 at regular meetings.

Eight regular meetings of the Brandon section

were held during the year. The regular meeting

date has been the third Monday of each month
and has taken the form of a supper meeting.

with a guest speaker.
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Average attendance for the year has been ap-

proximately 17 — the lowest attendance being

12 and the highest being 37. The largest attend-

ance was on the occasion of a tour through the

newly-opened Brandon Thermal Electric Sta-

tion. This was the only field trip of the year.

Five executive meetings were called during the

year. The chief function of the executive meet-

ings was to Une up programs of adequate

interest for the regular general meetings.

During the year this section again experienced

a considerable turn-over in membership. The
number of names on the mailing list has re-

mained fairly constant with about fifty notices

of meetings sent out each month. However, the

prime task of the section appears to be the

problem of creating sufficient interest in the

new residents to fill the gaps left by those who
have been moved away.

The Winnipeg Branch held six regular meetings,

with an average attendance of 70 and the Man-
agement Committee met six times and had
interesting meetings with Dr. Anson and Dr.

Tupper and with the General Secretary, Garnet
T. Page.

YUKON: Membership in the branch
is small, and most corporate members
are also members of the professional

engineers association, hence the

majority of our meetings are joint meetings.

The program consists of monthly meetings, and
each summer a field trip is organized to some
project of special interest. Meetings are general-

ly in the form of a dinner foUowed by a talk

or films of interest to ali. The subjects covered
in 1958 included construction, soils engineering,

and general topics.

ONTÁRIO DIVISION:

A Statutory Meeting of the Ontário Division

was held in Hamilton on March 15, 1958, at the

time of the Regional Conference. Several im-

portant matters were discussed and the new
officers for 1958 were installed. They were:

Chairman -— M. A. Montgomery

Vice-Chairman — H. R. Sills

Treasurer — G. R. Turner

Secretary — J. G. Hall

Members of Board of Managers:

Dean Conn, P. Buss and E. R. Davies

A Statutory Meeting of the Ontário Division

was held in the Royai York Hotel in Toronto,

on January 24, 1959. It was attended by 16

members.

The Treasurer's Report showed a balance at

the end of 1958 of $101.14.

It was noted that three Regional Conferences

are scheduled for this year in Ontário, namely
in Hamilton, March 14, Sudbury, April 25, and
Ottawa, October 15, 16, 1959.

It was decided to hold a meeting of the Ontário

Division in Hamilton at the time of the Hamilton
Regional Conference, on March 14, 1959.

The officers for 1959 are:

Chairman — H. R. Sills

Vice-Chairman — W. J. Ripley

Treasurer — G. R. Turner

Secretary — John G. Hall

Board of Managers : Dean Conn, P. Buss,

E. R. Davies
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MEMBERSHIP
Resident

3 1

28 21 33 71 30 341 50 41 9 15 34 27 304

7 27 18 61 27 205 7 29 37 12 25 37 256

11 6 7 10 12 39 16 18 14 2 13 75 110

2 y y
1 * *

•y

46 56 59 145 70 586 77 89 60 29 72 140 671

Non-Resident
6

5 21 4 28 6 2 4 22 23

1 7 13 1 22 3 3 3 3^ 42

4 8 15 2 1 43 22

1 16 42 71 11 5 8 97 87

Grand Total Dec. 31st, 1958 47 56 75 187 75 657 88 89 60 34 80 237 758 J

Grand Total Dec. 31st, 1957 45 79 185 74 588 73 76 49 89 210 733 ]

Branch Affiliates Dec. 31st, 1958 .

.

21 3 8 42 42 14 25 11

FINANCIAL STATEMENT
Income

Rebates from E.I.C. Hq 65.10 280.00 239.10 521.90 359.05 367.60 50.00 188.40 218.80 140.70 320.30 336.88 308.80 421

Payments by Prof. Assns 55.90 1,210.04 1,268.04 137.70 50.00 1,388.03 136

189 .00 105.00 456.00 370.00 124.95 199.70 181.00

23.25 83.86 5.57 49.84 8

11.64 1,001 .35 19.80 47.30 778.30 5.00 88.00 423.00 230.00 1.342.

132.64 1,470.35 258.90 1,802.49 464.05 2,175.50 1,336.00 318.35 268.80 228.70 743.30 772.15 1,927.17 1.908

Disbursements

Printing, Notiees, Postage (1) ... 19.74 52 .94 41.96 177.00 17.24 1.091.71 42.00 26.93 16.15 9.15 98.29 89.19 885.54 109.

General Meeting Expense (2) . . . . 4.10 158.88 140.00 469.15 543.00 17.65 25.00 218.96 163.95 1.282.

Special Meeting Expense (3) .... 77.46 641 .38 966.55 145.17 545.48 1,082.69 100.12 70.00 45.00 490.65 326.82 105

Honorarium for Secretary 5.00 100.00 50

25.00 401.00 6.00 10.00

6.34 55.00 50

Subs. to Other Organizations .... 500.00

Subs. to the Journal 32.00 152.48 86.00 53.60 16.00

16.10 35.25 180.05 510.62 41.86 60.00 78.66 109

10.00 50.00 41.91 20.00 99.55 46.29 534.48 3.50 17.40 .75 29.90 14.

127.40 853 .20 231.96 1,714.86 394.46 3.697.70 1.323.46 739.39 108.80 87.65 606.34 422.50 1.615.87 1.720

5.24 617 .15 26.94 87.63 69.59 1,522.20 12.54 421.04 160.00 141.05 136.96 349.65 811.30 182.

Balance as at Dec. 31st, 1957 . . .

.

105.99 234 .84 326.13 1,234.60 234.83 2,382.78 398.51 tt550.70 t .. 25.03 290.35 172.97 1,294.87 489

Balance as at Dec. 31st, 1958 111.23 851 .99 353.07 1,322.23 304.42 860.58 411.05 ttl29.66 160.00 116.02 427.81 522.62 1,605.67 672

(1) Includes general printing, meeting notiees, postage, telegraph, telephone and stationery. (4) Includes speakers, councillors or branch

(2) Includes rental of rooms, lanterns, operators, slides and other expenses, • Adjusted to correct revision of 19.tT figures

(3) Includes dinners, entertainments, social functions. and so on.
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e Branches as at December 31, 1958

Huronia
Kingston

Kitchener

Kootenay

Lakehead
Lethbridge

London
Lower

St.

Lawrence

Moncton

Montreal

Newfoundland

Niagara

Peninsula

Nipissing

and

Upper

Ottawa

Northeastem

Ontário Northem

New

Brtuiswick

Northem

Nova

Scotia

North

Shore

Lower

St.

Lawrence

Ottawa

Peterborough

1 4 1 10 2 1

19 78 47 30 35 33 87 71 54 1,834 37 96 25 12 15 30 9 408 77

25 84 38 11 35 12 93 15 19 1,224 43 104 23 23 5 16 20 249 70

7 212 25

5

2 10

4

2 37

1

11 22

1

1,208

17

41

2

35

2

9 6 3 15 4 277

2

18

4

52 378 116 43 84 48 218 33 96 4,293 123 237 57 41 23 61 33 938 170

9 19 18 26 74 7 1 2 11 19 5

6 26 7 17 79 19 9 17 21 5

3 13 6 24 65 12 5 14 35

2

18 58 31 67 218 38 1 16 42 75 12

52 378 115 61 142 79 285 33 96 4,511 161 238 73 41 65 61 33 1,013 182

55 316 94 69 151 83 263 81 4,335 154 256 58 41 62 56 26 1,114 178

14 6 17 3 40 4 3 2 5 4 6

7.60 631.89 351.90 252.60 429.75 40.00

174.00

897.25 170.00 148.80

76.00

8,906.08 336.35 984.40 196.80 108.60 119.70

36.00

53.10

112.20

74.85 1,661.60 592.65

100.00

56.00

5.21

90.00 36.00 81.00 35.00

32.39

27.00

245.00

20.00

9.00

53.50 42.00

53.59

4.00

623.80 468.35 1,050.70 64.50 1,207.00 485.00 689.55 2,541.99 427.81 300.58 790.70 216.05 470.00 705.41 1,051.27

r.60 1,311.69 357.11 810.95 1,516.45 359.50 2,104.25 655.00 981.74 11,720.07 784.16 1,293.98 1,041.00 108.60 371.75 165.30 544.85 2,462.60 1,747.92

r.i8 125.08 118.46 4.50 155.99 70.95 427.35 20.53 47.74 4,157.34 41.24 273.73 47.39 42.47 16.85 38.12 899.69 31.36

>.oo 23.00 107.98 63.00 141.00 3.00 34.55 47.87 25.00 91.32 100.01 451.29 69.75 73.15 37.13 185.77

1.75 821.74 41.30 583.83 1,040.16

11.00

113.53

35.00

981.95 533.24 718.90

50.00

6,073.16

900.00

383.92 232.34

75.00

933.31 219.11 572.75 465.31

100.00

1,206.55

r.28

60.00

25.00

28.90 60.00

10.00

50.00 20.00 156.22

15.00 20.00

100.00

75.79

!.00

76.30 12.00 16.15 12.00 4.00 16.00

250.00

12.00

100.00

75.00 2.25 9.98 10.80 123.48 72.13 236.73 75.00 41.55 40.65 590.05 43.90

48.35 50.00 46.58 1.70 86.04 241.38 13.30 10.19 .30 14.50 7.65 4.25

.21 1,143.17 323.89 847.61 1,370.95 269.06 1,579.03 723.77 963.83 11,867.15 617.47 1,099.10 1,016.70 100.30 371.98 104.50 610.87 2,437.62 1,571.83

.61 168.52 33.22 36.66 145.50 90.44 525.22 68.77 17.91 147.08 166.69 194.88 24.30 8.30 .23 60.80 66.02 24.98 176.09

.27 764.01 389.86 634.80 335.68 403.38 385.24 336.28 840.09 «9,490.26 24.19 1,000.84 249.06 234.51 276.98 383.06 99.85 849.28 58.99

.66 932.53 423.08 497.64 481.18 493.82 910.46 267.51 858.00 9,343.18 142.50 1,195.72 273.36 242.81 276.75 444.40 33.83 874.26 235.08

sd to correct revision of 1957 figrures. ft Balances shown as at Oct. 1957 - Oct. 1958.

ranch inaueurated in 1958. Fisrures not available.

cal Section eliminated from 1957 balance.
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MEMBERSHIP AND FINANCIAL STATEMENTS OF THE BRANCHES

Continued
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Resident

2 1 3 2 "•

15 17 124 82 68 87 79 541 22 41 953 350 105 270 12

11 10 144 81 22 111 64 63 17 24 712 160 32 232 S

6 1 140 oU 50 21 a. 11 834 1 o 294

Affiliates 1 1 1 5 1 1 1

Total 32 39 410 194 118 248 165 816 45 76 2,007 715 157 799

1

6 1 5 16 1 3 19 28 18 6

Juniors 1 14 1 5 28 8 21 62 26 14

1 20 1 7 27 5 8 13 8 54

Total 2 40 3 17 70 14 3 48 93 52 74

Grand Total Dec. 31st, 1958 32 41 450 197 135 248 165 886 59 79 2,055 808 209 873 17

Grand Total Dec. 31st, 1957 30 36 474 207 116 218 168 777 48 76 2,043 816 197 680 17

Branch Affiliates Dec. 31st, 1958 . . . 1 2 9 11 7 1 1 1 32 19

FINANCIAL STATEMENT
Income

95.90 75.00 948.76 689.25 264.10 721.77 601.95 160.00 105.00 270.96 2,oáO.UO 1,579.60 442.00 261.13 100.00

93.56 96.00 1,574.98 10.00 40.00 1,050.40

6.00 96.00 28.00 56.00 10.00 3.00 224.00 40.00

74.70 6.22 3.95 17.61 103.32 26.73 87.50

100.00 15.00 120.20 1,125.44 2.71 219.35 144.10 106.60 852.38 213.80

276.60 90.00 1,068.96 1,914.47 458.81 945.07 2,404.35 1,734.98 277.10 443.46 4,284.32 2,458.71 445.00 1,786.83 140.00

Disbursements

Printing, Notices, Postage (1) . . . . 7.25 162.25 150.50 117.65 88.65 153.26 53.00 163.80 1,730.37 600.47 114.20 586.10

50.00 5.00 539.07 171.13 190.05 44.45 61.36 132.83 74.25 30.00 286.18 80.19

218.75 42.52 157.71 1,062.04 129.61 287.17 1,271.19 659.13 181.45 279.00 1,975.65 1.066.63 219.86 251.05 io5.se

150.00 60.00 180.00 50.00 258.00 100.00 60.00 250.00

Stenographic Services 50.00 30.00 10.00 50.00 25.00 214.00

Travelling Expenses (4) 40.00 84.00 82.04 609.38 19.00 19.80

60.00 5.00

8.00 4.00 16.30 112.00

6.00 259.49 102.74 449.90 1.00 160.00 14.50 100.00 98.00

3.65 41.73 54.05 16.48 27.30 143.09 23.21 11.00 16.6.5 751.75 3.10 219.98 .50

281.00 46.17 826.18 1,905.66 385.64 861.61 2,224.92 1,574.98 344.90 627.10 5,008.60 1,923.95 533.06 1,992.11 1S6.19

4.40 43.83 242.78 8.81 73.17 83.46 179.43 160.00 67.80 83.65 724.28 534.76 88.06 205.28 46.19

Balance as at Dec. 31st, 1957 223.41 28.62 185.58 548.17 633.15 642.55 659.34 2,101.89 *288.95 660.60 4.554.34 * 988.10 859.86 Í2,749.29 275.61

219.01 72.45 428.36 556.98 706.32 726.01 838.77 2,261.89 221.15 666.96 3,830.06 1,522.86 271.80 2,544.01 229.42

(1) Includes general printing, meeting notices, postage, telegraph, telephone and stationery. (4) Includes speakers, councillors or branch officers.

(2) Includes rental of rooms, lanterns, operators, slides and other expenses. * Adjxisted to correct revision of 1957 figures,

(3) Includes dinners, entertainments, social functions, and so on.
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CANADA IN 1958

THE CANADIAN ECONOMY,
which did not suffer from the

1957-58 recession to the same extent

as that of the United States, experi-

enced a modest recovery in the last

three-quarters of 1958. Government
spending cushioned the effects of the

recession but inflationary pressures

did not subside.

Though employment on farms and
in construction was steady and in the

service industries it was stronger, it

was some 6 per cent lower in manu-
facturing and 5 per cent lower in

mining. The nation at year-end faced

a repetition of the serious winter un-

employment situation experienced the

previous year, despite a cut in immi-
gration to half the numbers entering

in 1957.

Though exports showed httle

change from the previous year, a

sharp reduction in imports brought a

svibstantial cut in Canada's trade

deficit. Even with a lower crop yield

due to prairie drought, the year-end

saw a 12 per cent drop in wheat in

storage for export and carry-over.

Petroleum production was down 10
per cent of capacity. Electrical manu-
facturing showed a drop of IVz per

cent due to weakness in sales of 'con-

sumer durables', and motor vehicle

sales were down 14 per cent, com-
pared with 1957. The physical vol-

ume of construction remained un-

changed with buoyant house building

compensating for lower industrial con-

struction. But electric power produc-
tion showed a rise of 7 per cent, re-

tail trade was vigorously maintained,

inventory liquidation was believed to

have run its course, and 19.58 saw
continuation of the drop in the con-

sumer debt burden.

Outlook for 1959

Looking ahead to 1959, economists

predicted a continuation of the modest
recovery experienced in 1958, with

private investment slightly lower,

federal expenditures maintained and
provincial expenditures somewhat
higher. They foresaw a gross national

product of $.34 billion, up 5 per cent

in value terms over 1958, though

showing little improvement over 1958
apart from continued rises in prices

and population. There was increasing

concern about the stability of export

markets due to the effects of Russian

competition and the European com-
mon market, as well as to possible

further U.S. quota restrictions on im-

ports. The still-unsettled freight rate

problem, temporarily solved by the

17 per cent increase granted last year,

they pointed out, would remain a

lively issue.

Further Expansion—no boom
Trade minister, Gordon Churchill,

in a year-end message told Canadians

the nation's gross national product at

slightly over $32 billion, was up 2

per cent from 1957. The rise had been

entirely in prices, hovvever, with

volume of production unchanged.

Employment held up well, and while

the number of jobless also increased,

the percentage rise was 'narrowing'

sharply from that of a year ago. Per-

sonal savings increased from 7 per

cent in 1957 to about 9 per cent in

1958, with much of this in liquid

form.

Summing up, he found most in-

dustries that had suffered in the

economic decline had improved by
year-end. The rise was moderate but

there was "strong indication of a fur-

ther expansion in market demand."
Despite Canada's sensitivity to world

market influences, the extent of con-

traction in the Canadian economy
was of much smaller dimensions than

that in the United States.

Employment covered ín Revíew

Employment in the mining, petro-

leum, electric power, transportation

construction and heavy manufactur-

ing industries but excluding civil

service and armed services, covered

in the following review, represents

more than 40 per cent of Canada's

civilian non-farm labour force, or the

effort of some 45 per cent of ali

paid workers. Those not included are

employed in such industries as cloth-

ing, textiles, food, beverage, retail

trade, printing and publishing, to-

bacco, rubber and leather footwear,

and ali service industries.

Sources of information used for

each industry are confined to records

of production supplied by the Do-
minion Bureau of Statistics, from fi-

nancial reports, press statements and
from government information re-

leases. In addition, comments and
forecasts of industr\' leaders are

quoted, though no general forecasts

are made by the Engineering Insti-

tute of Canada regarding the Outlook

for 1959.
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THE CHEMICAL INDUSTRY

Brítish American OiVs $25,000,000 gas processing and sulphur plant, officially

opened in October, 1958, is one of the largest suppliers of natural gas to the Trans-
Canada Pipe Line. The plant is 13 miles southeast of Pincher Creek, and approxim-
ately 35 miles from the Alberta Rockies. The 350-foot incinerator stack, right, is

visible for many miles.

Table I.—Manufacturing Statistics—1957
Chemicals and Allied Products Group

Type of Production Establishmonts Emploj-ees

Selling Valiie

of Factory
Shipments

Coal Tar Distillation 11

Heavy Chemicals 53
Compressed Gases 55
Fertilizers 45
Medicinais and Pharmaceutical 210
Paints and Varnishes 129
Soaps and Washing Compoiínds 138
Toilet Preparations 91
Inks 32
Vegetable Oils 11
Adhesives 29
Polishes and Dressings 47
Plastics (Primary Only) 29
Miscellaneous 261

Total 1,140

528
10,167

1,706
3,042

8,185
6,329
3,650
2,242
966
656
627
833

.3,452

12,215

Millions of

Dollars

.«13.7

215.8
24.3
83.8

140.

1

131.

1

118.9
49.8
16.9
61.0
13.7
22.3
91.8

220.2

54,601 $1,203.4 Million

PRODUCTION by the Canadian
chemical industry in 1958 at-

taíned a nevv record value estimated

at some $1,290 million or 7 per cent

higher than in the pievious year. The
increase in physical volume was
close to the average postwar growth
rate. The demand for heavy chemi-

cals was strong due to greater ura-

nium ore processing, and capacity

for sulphuric and nitric acids and
sodium chlorate production had been
expanded to serve this growing mar-

ket. Sales of medicinal and pharma-
ceutical preparations and detergents

increased, as did the consumption of

paints. Output from new plants re-

cently placed in operatíon replaced

imports such as titanium oxides and
petroleum cracking catahsts.

Measure of the Industry

The Canadian chemical industry

is one of the largest in Canada in

terms of value of production, and
one of the natíon's fastest growing

industrial groups. It annually ships

goods from Canadian factories valued

at more than $1,250 million of which

about $200 million is exported. In
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CANADA'S CHEMICAL PLANTS TODAY

Shell Oil Company of Canada's new distiliate hydro desulphurizer located at Shell- British American OiVs Clarkson refinery

bum Refinery, Vancouver. The 2 million dollar iinit was completed at year end. near Toronto.



Shell Oil Company of Canada's detergent alkylate plant at Montreal East which
came on stream last spring.

A view of Shell of Canada s Shellbum
Refinery unit for the produetion of a

wide range of solvents which vvas com-
pleted last spring.

Left: An interior view of Canada's first

epoxy resins plant.: the one million doUar
Shell Oil Company of Canada unit at

Montreal East, P.Q.

Glass lined beer tanks for Molson's Brewery.
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addition, iinportfd supplies \'alued at

neaiK $300 niillion supplenient Caii-

adian prodiittion in the domestic
maiket.

rluTo is a dense concentration of

ahout 1.200 clicinical pioducts plants

in Ontário and Quebec, though west-

ern pioNÍnces now have 15 per cent

of the total number of plants.

In ternis of value of product.

cheniical prodiiction exceeds the

clothing industr>' and approxiniately

equaLs the value of output by the

entire electrical products group. The
value of chemieal products added
per a\erage employe on an annual

basis is presently over $11.000—the

second highest, next to petroleum re-

fining, among ali Canadian manufac-
turing industries. Production of

cheniicals represents more than 5 per

cent of the gross national product.

compared vvith 3V2 per cent in the

prewar years and more than double
chemicals' share in the 'twenties'.

Capital Investment

Capital expansion during 1958,
while large compared with a few
years ago, vvas lower than in either

of the previous two years. New in-

vestment declined by an estimated

10 to 15 per cent below the $149
million invested in 1957, and includ-

ed large sums required to complete
various projects announced or ini-

tiated the previous year.

Only a few of the new plants in

operation in 1958, such as those pro-

ducing epoxy resins, organic phos-

phates, and inorganic fluorine deriv-

atives constituted initial entry into

domestic commercial manufacture. A
plant to produce hydrogen peroxide

was started up and progress was
made on facilities for making high-

density polythene and polyacryloni-

trile for the first time in Canada.

The use of chemieal processes to

upgrade waste or by-products was
also expanded: lignin chemicals in

Quebec; urea from coke oven gases,

waste nitrogen and blast furnace gas

in Ontário; sulphur from sour natural

gas in Alberta. The output of sulphur

from Alberta and B.C. sources tripled

between 1956 and 1957. and in-

creased still further in 1958. Else-

where most new capacitx' added or

nearing completion was for chemi-

cals already being produced, such as

sulphuric acid chlorine, caustic-soda.

sodium chloride and ammonia.

Outlook—Improved Production—
Pause in Expansion

Announcement of relativeh" few
large projects recently suggests a

further decime for 1959. Though
some sectors of the industry see their

capacity presently overbuilt, industr\

leaders see no evidence the decline

will be either sharp or prolonged.

Though the supply of technical per-

sonnel is adequate at present, the

long-term outlook is causing concern

and further support b\' the industrx"

in donating funds for education will

need to be more widespread.

The effect of the 1957 58 busi-

ness contraction was moderate and
of short duration. There is strong in-

dication the gains in production rates

during 1958 will continue. Having
added substantially to its productixe

capacity. the chemieal industr>

should be in a good position to re-

spond to improxed economic condi-

tions during 1959.

RUBBER PRODUCTS

CANADA'S SUPPLY of synthetic

rubber is produced at Sarnia,

Ontário, by Polymer Corporation of

Canada Ltd., while the nation's sup-

ply of natural rubber is ali imported.

Polymer, with employment of 1,600
persons, produced 132,000 long tons

of synthetic in 1958, or practically

the same tonnage as in 1957. Syn-

thetic production is more than 80
per cent in the form of Buna-S, fol-

lowed by Butyl, neoprene, Buna-N
and other types, in that order.

Total consumption of rubber in

1958 by types, based on preliminarx

reports, in millions of pounds, was:

natural, 84; synthetic, 102.4; and re-

claimed, 33.36. Consumption of nat-

ural was 12 per cent lower than in

1957 while synthetic and reclaimed

were down some 8 per cent each.

The trend towards the use of more
synthetic and less natural rubber con-

tinued, with percentages used as fol-

lows: natural 37.3 per cent; and syn-

thetic 47.5 per cent.

In 1957. latest year for which a

fiill report is available, factor\- ship-

ments b\' the rubber products indus-

try were \alued at $326 niillion. or

8^'2 per cent below those of the pre-

vious record \'ear. Employment stood

at 22. 178 persons. Materials used

were valued at S 144.24 millions.

Production was almost entirelx in On-
tário and Quebec. with factorx ship-

ments valued at S265.8 and S59.7

niillion respectively.
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COMMUNICATIONS

AND

TRANSPORT

TELEPHONE
DURING 1958 the Bell Telephone

Company, which owns more than

two-thirds of ali Canadian telephones

in operation and accounts for 66 per

cent of the employment and 70 per

cent of the gross revenue received by
Canada's fifteen main telephone

systems, continued to develop and
improve its services.

There was however a slight level-

ling off in growth from the number
of telephones installed at 185,000,

compared with 190,000 installed in

1957. There was, on the other hand,

a 4 per cent increase in volume of

long distance calling over the pre-

vious year, to some 186 million con-

versations, while total conversations,

local and long distance, at some 8.6

billion was higher by 8 per cent than

in 1957.

At year-end the Bell System had a

total of more than 3,140,000 tele-

phones in service. The list of people

waiting for sei^vice was reduced dur-

ing the year from 18,000 to 10,000

and unfilled orders for individual in

place of tvvo-party lines from 34,000

to 11,000. Construction to improve

the service involved capital expendi-

tures exceeding $180 million.

The Industry in 1957

In 1957, the most recent year for

which complete statistics are avail-

able, Canada's fifteen largest tele-

phone systems represented 96 per

cent of total telephone investment.

They operated 93 per cent of Cana-

dian phones and earned 96 per cent

of the telephone revenue. By the end

of 1957 the number of telephones

operated by these 15 systems had in-

creased 7 per cent to 4.51 million.

There were 1,625,900 telephones on

individual lines; private branch ex-

change and extension phones num-

bered 1,121,264 and 2-party lines

totalled 1,263,700. Pay stations

58,233.

Property and equipment was valued

at $1.877 million; revenue totalled

$439.5 million or 10 per cent higher

than in 1956. Net income amounted

to $53.16 million. Employees totalled

61,831, whose wages amounted to

$213.8 million.

Next to the Bell system, British

Columbia, Alberta, Manitoba and

Saskatchewan systems in that order

recorded the largest number of con-

versations, while Avalon Telephone

Co. showed the largest number per

telephone. followed b\- Alberta, Ed-

monton Automatic, Fort William

municipal and Manitoba s\stems, in

that order. Bell, New Bnmswick,
Quebec, Northwest and Okanagan
s\stems were below the Canadian

average of 1,766 calls per telephone.

Rate Increase Allowed

At the end of November 1958 the

A Bell Telephone plant craftsman inspects a pei-forator, one of the many intricate

machines required to provide dírect distance dialing service at Toronto and Cuelph
during 1958.
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Federal Cahinet confinned new rates

tor Bell serxiee approxed earlier by
the Traiisport Board. These went into

etfect December 1 and are desigiied

to produce $8.6 niillioii of additional

\earl\ earnings.

TELEGRAPH
PeHHAPS THE OUTSTANDING devel-

opment during 1 9 5 8 w a s the

aniiouncement at the Commonwealth
Trade and Economic Conference held

in Montreal, of the acceptance, in

principie, to proceed with plans for a

Commonwealth round-the-vvorkl tele-

phone cable svstem. Canada had sub-

mitted some engineering, operating

and administration proposals vvhieh

contributed to the resolntion of the

niany problems involved and the deci-

sion to go ahead with such a challeng-

ing project.

The first leg of the round-the-

world eable will be in service toward

the end of 1961 with the completion

of a Canada-U.K. trans-atlantic cable

engineered to provide 60 telephone

channels. The first contract for the

manufacture of one major section of

this cable was signed in September

by CO.T.C. and Submarine Cables

Limited, London, England. This con-

tract, which amounted to 'ZVz million

dollars, covers the 400 mile Gulf of

St. Lawrence link between Corner
Brook, Newfoundland, and Grosses

Roches, P.Q. The engineering and
planning of this project continues to

be a major activity of the Corporation.

Operating revenues of Canadian

telegraph and cable systems in 1957,

last year reported in full, rose 10

per cent to $44.8 million from $40.7

million, largely on the strength of

sizeable increases in revenues of the

Canadian Overseas Telecommuni-
cation Corporation and the Easteni

Telephone and Telegraph Compan\

.

Due to a 16.6 per cent increase in

operating expenses however, net in-

come dropped I6V2 per cent to 85.304

million from the record high of $6.35

million attained the previous year.

Number of telegrams transmitted

reached a 10 year low of 19,163,723,

down 6.1 per cent, while messages

received from the United States at

2,126,964 were 4.7 per cent undei

1956. Number of cablegrams however

reached a new high of 2,580,745,

6.2 per cent more than the pre\'ious

year. Money transfers totalling $25.6

million were 5.3 per cent higher than

in 1956.

Total pole line mileage increased

317 miles to 48,375 and wire mile-

age 8,778 miles to 451,669 during

1957. Major changes were 703 miles

of pole line added by C.N.T. and a

A sugar-scoop antennae is hoisted into

place along the Trans-Canada Telephone
System's microwave network. The 3,900
mile Communications sk>"vvay was com-
pleted bv the telephone companies on
July 1, 1958.

decrease of 465 miles b\ Dominion
Government Telegraph Service.

A total of 5,070 offices were main-

tained for receiving and sending mes-

sages compared with 4,934 in 1956.

Number of emplo\ees engaged ad-

vanced to 11,159 from 10,833. while

their earnings rose to $37.72 million

from $34.7 million. The average

annual salar\ rose to $3,380 com-

pared with $3.204 the previous year.

Of the 11 companies in the gròup,

Canadian National Telegraphs and

Canadian Pacific Railway Compan\-

between them earn 82 per cent of

the total revenue. transmit 99 per

cent of the telegrams and 41 per cent

of the cablegrams.

RADIO
AND MICRO\^ AVES

1958 SAW COMPLETION" of the

first Trans-Canada Microwax e sx stem.

capable of transmitting television pro-

grams coast to coast in Canada. The
\ear also saw completion of man\" of

the Tropospheric Scatter Microwaxe

links and other radio linkages serving

the northern defence establishnients.

HIGHWAY TRANSPORT
In 1957 ACCORDixG to the latest

published full report of the Motor
Transport industr\ , there were 2,062

"for hire" freight carriers in Canada,

with a total investment of 8180.28

million in propert\, vehicles, etc.

Their total revenue rose to $259.06

million that \ear, compared with

$233.5 million in 1956. The average
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Burlington Bay Skyway, near Hamilton, Ontário, a 4V2 mile long elevated highway.

This four-lane skyway eliminates a major traffic bottleneck on one of Canada's

most heavily-travelled roads.

number of persons employed totalled

26,338. Net operating revenue total-

led $11.79 million.

Other News of the Industry

Highiights of the Canadian Truck-

ing Association meeting at Saint John

in February 1958 included a demand
for new legislation on trans-boider

trucking, and notice that the CTA
would continue to oppose the rail-

ways' entry into the highway trans-

port field.

In July a start was made on con-

struction of the CPR terminal for

Dench of Canada, Ltd., at Edmonton,
estimated to cost $250,000 for 12,000

ft. of floor space, with provision for

piggyback service. Construction was

also started on a $1 milHon Mack
truck centre in Toronto.

Faced with higher operating costs,

transport operators will have to in-

crease rates in 1959 to meet them.

Wage negotiations between 65 trans-

port firms and the Teamster's Union
will add some $10 million for about

7,000 employees. Interprovincial

trucking firms have already applied to

the QTB for a 17 per cent hoist in

rates effective January 1959.

Promising Future for Truckers

A bright future for the industry lies

ín the fields of bulk tank haul for

milk; truck handling of bananas from

New York; and tank-truck haul of

flour, vinegar, cement, grain, sugar,

chemicals and acids. An application

has been filed with the OHTB for

carrying liquor in glass-lined tank

trucks. In addition, truckers stand to

benefit from the opening of the sea-

way.

'Containerization' will help cut

handling and distribution costs. This

and "piggyback" are fast-growing

trends. Truckers are taking a hard
look at materiais handling costs, and
there has been a noticeable change
in tenninal handling of traffic. A
system of trailer interchange, started

in Ontário during 1958, is destined

to be widely adopted. For truckers in

any province operating across the

international boundary has come the

suggestion for a joint U.S.-Canadian

body, through which common trans-

portation problems could be evaluated

and solved.

RAILWAY TRANSPORT
Freight traffic in 1958 for ali Cana-

dian railways dipped for the second
year in succession, to some 64 billion

revenue ton miles, or 10 per cent

below the 71 billion ton miles carried

in 1957. Passenger-traffic also tunied

downward after three years of im-

provement, finishing the year with a

total of some 2.5 billion revenue pas-

senger miles, 12 per cent under the

2.925 billion passenger miles of traffic

for 1957. Revenue carloadings drop-

ped to 3,750,000 or 7 per cent under

the 4,037,381 cars loaded in the pre-

vious year.

The year 1958 saw orders for rail

cars cut in half from the huge orders

placed in 1957 totalling close to 10,-

000 cars. With carloadings down 7

per cent and earnings squeezed, rail-

ways were placing the bulk of their

new equipment dollars into completion

of their dieseHzation programs sched-

uled for completion in 1961. Little

change is expected in 1959.

Both of Canada's two major railway

systems face a growing problem in the

unprofitable c o m m u t e r service,

though the bulk of it is handled by
the C.N.R. Efforts to attract off-peak

traffic have failed. Equipment and
personnel stand by ali day for 4 hours,

at most, of actual work. Commuters
and their local authorities are un-

willing to pay more. If fares are

upped to pay the cost most commuters
will abandon using the service.

Canadian Pacific Railway

Despite a decrease of some 10 per

cent in freight traffic in 1958 from

the previous year, the Company con-

tinued replacement of steam with

diesel motive power and was using

some 950 diesel imits by years end,

doing about 95 per cent of its total

rail work with diesels. Further im-

provements to switching yards, signal-

ling and maintenance of way were

made. A four-year contract for re-

lining 1,865 feet of main line tunnel

through the Rockies east of Field,

B.C. was completed in June. Timber
lining was replaced with concrete.

Installation of centralized traffic

control was completed from Glentay

to Trenton and will be extended to

Toronto. The Company acquired con-

trol of Smithson's Holdings, Ltd.,

which wholly owais Smith Transport

Ltd., and now owns or controls trucks

over almost 10,000 route miles from

coast to coast.

'Piggyback' service was introduced

for licensed 'for hire' trucking firms

between Montreal and Toronto. This

service was extended in 1958 to New
Brunswick, to the Lakehead cities and

to Western Canada. Plans are under-

way to extend it to the Pacific coast.

Gratifying results were obtained from

the wider use of self-propelled 'Day-

liners', but increased use of automo-

biles and buses and improvement of

rural highways have ali but eliminated

passenger traffic on many branch

lines.

A two-year dispute regarding the

employment of firemen on diesels in

freight and yard service, was settled

last May. The findings of the Kel-

lock Commission were accepted b\"

both the Railway and the Brother-

hood of Locomotive Firemen and En-

ginemen, modified as to seniority.

Early in 1958 a new subsidiary,

Canadian Pacific Oil and Gas, Ltd.,

was incorporated to assist in devel-

opment of the Company's oil and gas

rights. CPOG has signed a contract

for sale of gas to Trans-Canada Pipe-

lines.
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In Septeniber Ciumdian Pacific

joined w itli other rail\\ a\ s iii appl\

-

ing to the Boaicl of Tiawspoit Coni-

missioners for a general 19 per cent

increase in freíght rates, to meet the

cost of wage increases reconimended
hy a Conciliation Board. A iiidgment

was rendered in November award-

ing a 17 per cent freight rate in-

crease. On No\cmber 26 an appeal

b\- eight Canacban provinces against

the award was disallowed, and the

17 per cent increase took effect De-
ceniber 1.

While ocean passenger carryings

b\- the Companys three liners be-

tween Canada and Britain were sat-

isfactory, a world-wide depression in

ocean freight rates was reflected in

diminished earnings by seven owned
and four chartered cargo vessels. A
replacement for one of the passen-

ger-cargo hners is on order and when
it enters service in 1961, it will be
the largest of the fleet. The 'Empress

of England' replaced the retired 'Em-
press of Scotland' as the Companys
cruise ship out of New York last

winter.

Canadian National Railways

Like other Canadian railways, the

C.N.R. felt the impact of general

business conditions in 1958 on its

traffic in terms of decreased reve-

nue, tonnage and patronage, while

costs of wages and materiais con-

tinued npward. Estimates indicated

year-end tonnage figures for reve-

nue freight handled would be down
about 10 per cent below 1957, with

a loss of 9 million tons compared
with 1957. Freight revenues would
be down about 8 per cent. Chief de-

creases were recorded in coal, iron

and steel ores and concentrates,

autos and parts, pulpwood and crude

oil. Increases occurred in vegetables

and in lime and plaster.

Due mainly to a 50 per cent drop

in immigration and a decline in mil-

itary movements the upward trend

in passenger revenues over the past

three years was reversed and showed
a drop of 12 per cent from the pre-

vious year. Revenues of the C.N.R.

telegraphs continued to improve and
were further augmented through

acquisitioa of the Northwest Com-
munication System and the Yukon
Telegraph Company. Total increase

in Communications riCvenue amounted
to some 15 per cent.

Nevertheless the Company con-

tinued active construction of branch
lines. A line from Optic Lake to

Chisel Lake in Northern Manitoba
will be completed in 1960. In Que-
bec, trackla\ ing had been completed
on the second 66-mile section be-

tween Cache Lake and Lac Chigou-

biche. This new line will stretch

over 133 miles between St. Félicien

and Cache Lake. When coupled to

the 161 mile line opened m 1957.

between Beatt\ville and Chibouga-

mau, it will form a 294 mile are

through Northern Quebec w hich will

be opened late in 19.59.

Elsewhere new methods, materiais

and equipment were being put to

use to consolidate and improve ser-

\'ices. A major speed-up in freight

schedules, new equipment and

schedules in passenger service, the

opening of the Queen Elizabeth Ho-

tel in Montreal, and new Communi-
cations facilities were highlights of

the >'ear's program. Construction w as

also commenced on a new head-

quarters building just south of the

Queen Elizabeth and Central Sta-

tion.

Work continued on the huge clas-

sification Hump Yard west of the

city of Montreal, scheduled for com-

pletion in 1961. Another four-xear

project was nndertaken for a new
Hump Yard two miles in length out-

side St. Boniface, Manitoba. across

the Red Ri\er from Winnipeg. The
project, to cover 628 acres with over

100 miles of trackage, will be cap-

able of classifx ing up to 7,000 freight

cars daiU

.

Ali traiu operation in the Atlantic

Region and on the south shore of the

St. Lawrence west to Montreal is

now completei) dieselized, as well

as most of the operations in northern

Ontário, Quebec and British Colvun-

bia. By >ear-end more than 80 per

cent of freight traiu miles were dies-

elized.

Part of the Frederick G. Gardiner Expressway. Shown are lhe Humber River bridges,

T.T.C, underpass and C.N.R. overpass, constructed by Foundation Company for the
Department of Highways of Ontário. The Municipality of Metropolitan Toronto,
Toronto Transit Commission and Canadian National Railways, Consulting engineers
were Lakeshore Expressway consultants and Canadian National Railways.
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Extension of centialized traffic

control to the entire main transcon-

tinental line is vvell underway. Sig-

nalling on four subdivisions vvill be
completed by mid 1959, with an-

other five sub-divisions scheduled for

complete signalling by early 1960.

CTC will be in operation on 40 sub-

divisions when the program is com-
pleted.

Progress continued on establish-

ment of a mocrowave system be-

tween Sydney and St. John's for TV
and general communication service

for operation in 1959.

To find ways of increasing wages
while volume of revenue traffic was
depressed a general freight rate in-

crease of 3.6 per cent was authorized

to take effect on January 15, 1958,

but was finally disallowed. Faced
with wage increases recommended
by a Federal conciliation board a

general rate increase of 19 per cent

plus 25 cents per ton on coal and
coke was applied for. A rate increase

of 17 per cent with 22 cents per ton

on coal and coke was granted effec-

tive December Ist, and a wage set-

tlement was effected with non-oper-

ating unions.

Other News

The official opening of the Pacific

Great Eastern's northern terminais at

Dawson Creek and Fort St. John took

place on October Ist, with the in-

augural train being operated from
Vancouver to the Peace River. Some
$80 million dollars had been spent

on equipment and track.

Quebec Cartier Mining Co.

awarded contracts in September for

a 193 mile railway to a point 300
miles north of Shelter Bay on the

St. Lawrence. Included in the pro-

ject will be a huge concentrator for

pelletizing up to 8 million tons of

iron ore annually, and a 60,000 h.p.

power development to provide

power. Cost of the project will ulti-

mately reach $300 million.

A matter of lively concern in Al-

berta at year-end was selection of

a route by the Federal government
for their proposed $70 million rail-

way to the Northwest Territories,

Pine Point on the south shore of

Great Slave Lake. Of various routes

open for selection the shortest and
likely the cheapest would be from
McMurray, about 250 miles. But a

second possible route is possible from
Grimshaw. Just across the Alberta-

B.C. border lies the northern rail-

head of the PGE running from Van-
couver which might be a take-off

point. Saskatchewan would like the

line to start from Radium City. Al-

berta 's claim is expected to have the

advantage.

WATER TRANSPORT
Volumes of freight handled in

foreign and coastal shipping services

at Canadian ports last year showed
sharp declines from 1957. Freight

handled in the first nine months at

102 million tons was close to 14 per

cent lower than the 118 million tons

handled in the same period of 1957.

Shipping handled in foreign service

dropped to 51.2 million tons from
the 67 million tons in the previous

year. Volume in coast service was
steady at 51.2 million tons compared
with the 51.5 million tons the pre-

vious year for the same period.

Though shipments of grain improved
50 per cent over those of past years,

movements of iron ore, coal, lumber
and petroleum showed sharp de-

clines.

Lake Traffic Sharply Down

Freight cleared through Canadian
canais in the 1958 navigation sea-

son was also sharply lower. Cargo
tonnage through ali Canadian canais

amounted to 20.56 million tons vs.

36.4 million in 1957, with biggest

losses in coal, iron ore, petroleum

and iron and steel, partly compen-
sated for by an increase of over a

million tons of grains. Tonnage
through Canadian and U.S. locks,

including the Sault Ste. Marie Can-
ais, amounted to 7.5.45 million tons

compared with 110.8 million tons

in 1957. Biggest drop was in down-
bound iron ore and upbound coal,

partly balanced by downbound
grains and crude petroleum.

Number of vessel passages through

the Welland Canal totalled 8,496

compared with 8,903 the previous

year, while vessel passages through

U.S. and Canadian locks at Sault

Ste. Marie numbered 16,249 com-
pared with 21,044 in 1957. Vessels

passing through St. Lawrence canais

showed little change at 10,978 com-
pared with 11,282 in 19.57.

Ocean Rates

The year 1958 saw ocean freight

rates fali to about the same levei as

they were fifteen years ago—a levei

where many ship-owners barely cov-

ered operating costs. This condition

forced many owners to lay up their

vessels. Between January and De-
cember almost seven million gross

tons of shipping was laid up, about

2 million tons of it tanker tonnage.

In addition about tvvo million gross

tons were broken up.

More Cargo in the North

Canada hopes to handle ali water-

borne cargo in the Canadian North

during the navigation season of

1959, according to Federal Transport

Minister George Hees. The United

States now handles only one military

operation in Canadas Arctic waters,

he said. Full support when required

has been promised for the $200 mil-

lion iron ore development at Hopes
Advance Bay in Ungava. Backers had
requested icebreakers, weather service

and navigational aids to assist ship-

ment of iron concentrates via Green-

land. More than 100 units of ship-

to-shore landing craft have been pro-

vided and breakwaters, causeways
and beachheads established.

Winter Shipping in the Gulf

That record amounts of cargo will

be handled by ports in the lower

St. Lawrence and Gulf region dur-

ing the winter 1958-59, was pre-

dicted by the Lower St. Lawrence
and Gulf Development Association.

In 1957, winter shipments amounted
to a total of 19 million tons vs. 3.3

million tons in 1953. By 1970 a vol-

ume of 4.5 million tons is expected

—most of the record tonnage e.x-

pected will be newsprint, bauxite

and aluminum ingots. New elevators

at Baie Comeau will be in operation

by late 1959 and if used on the

same basis as those at Montreal, viz.

five times their capacity during the

year, grain handled could amount to

75 million bushels within a few
years or 2 million tons of cargo.

Other News of the Industry

On May 21 the Royai Commission
on Coasting Trade recommended in

their final report that Canadian ships

should not be given any special ad-

vantages over those from other mem-
bers of the Commonwealth.

In October the 8,300 ton auto-

ferry William Carson began daih

round trips between Sydne\- and
Port au Rasques. New piers with

freight and passenger facilities were
completed at Port au Basques and
Sydne\'. The Sydney freight shed

was extended and 250 ft. were add-

ed to the shed at Port au Basques.

An experiment at Lakehead ports

in December 1958 raised hopes of a

slightly longer shipping season and
even limited niovement of ships ali

winter. Two ships loaded with 9,000
tons of cement were kept ice-free in

the Kaministiquia River during a
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25"' helow zero cold spell with sur-

iDunding ice two feet thick. This

was the fiist practical use of a bub-

bler s>stem in Lake Superior, aiid

cost some $5,000 to install, includ-

ing $3,000 for an air compressor,

$500 for polyethylene piping, $1,000

for eléctrica! servicc and $500 for

labour.

AIR TRANSPORT
The rapid growth in Canadas

commercial passenger air transport

o\ er a ten year period to the end of

1957 continued through 1958, but

at a slightly slower pace. Based on

reports for the first 9 months of

1958, revenue passenger miles were
some 15 per cent higher than In

1957, to a probable 1958 total of

2.20 billion passenger miles. Cargo
traffic showed a drop of some 20
per cent during the first half of the

year but improved during the sec-

ond half.

Trans-Canada Airlines

Trans-Canada Airlines, which car-

ries 80 per cent of the nations do-

mestic air travei and 25 per cent of

its air-freight, reported a 17 per

cent increase in passenger traffic, to

a new record of 1.63 billion reve-

nue passenger miles. Carriage of

mail, express and freight for the full

year remained at close to the same
leveis as for 1957, with some 10

million mail ton-miles, 2.5 million

express ton miles and 12.68 million

freight ton miles.

During the year TCA expanded its

activities to meet the heavy demand
for air travei, and provided the great-

est capacity in its history of more
than tvvo billion seat-miles, 19 per

cent over that of 1957. Its fleet at

year-end numbered 47 Viscounts, 18

other Turbo-props, 11 super-constel-

lations, 21 DC-3's. Four more Vis-

counts and one super-constellation

will be delivered early in 1959. TCA
and other lATA carriers introduced

an economy class fare for Atlantic

travei. Tourist fares were reduced 20
per cent.

By 1961 TCA will become the first

intercontinental airline in the world

to operate an all-turbine fleet. Con-
struction of a $20 million overhaul

and maintenance base was com-
menced at Doi-val to provide service

for TCA's future fleet of DC-8 jet-

liners.

TCA's Atlantic services during 1957
carried 107,054 passengers and
handled 243 million passenger miles,

3.86 million ton miles of freight and

1.78 million mail ton miles. This

compared with 328.7 million avail-

able seat miles and 45.7 million avail-

able ton miles.

Canadian Pacific Airlines

CPA, whose domestic air service in

Canada is limited to routes of lower

traffic density, sought authority in

1958 from the Air Transport Board

to fly five transcontinental routes in

Canada. In January 1959 the ATB
authorized one return non-stop trans-

continental flight daily from Montreal

to \'ancouver.

CPA's Pacific services during 1957

carried 55,914 passengers and handl-

ed 215.6 million passenger miles, 3.2

million ton miles and 0.516 million

mail ton-miles. This compared with

407.2 million available seat-miles and

42.6 available ton-miles. To its fleet

of 8 DC6B airliners, CPA added 6

Bristol-Britannia turboprop aircraft

dining the >ear to fl\' its intercontin-

ental routes.

Ground Facilities and Services

During 1958, Dorval, Malton, Win-
nipeg and Vancouver airports receiv-

ed delivery in March of Decca MR-75
Shoran Surveillance Radar, while

Canadian Pacific Airlines received

delivery at V^ancouver of its first elec-

tronic flight super DC6B simulator.

In May, Department of Transport

announced $20 million would be

spent at Malton for offices and four

aeroquays for jet service, in addition

to two already built, while a $4 mil-

lion contract for run\va\s would be

completed in 1961. Kelowna would

get a 5,000 foot runwa>'.

Very high - frequency omnirange

radar installations were announced in

July, to be operative between Kenora

and Lethbridge, while further sites

would be selected in the Maritimes.

In August, TCA announced it would
receive its first DC8 simulator in

September 1959 for installation at its

$20 million Dorval overhaul base.

With plans for the new passenger

terminal at Malton readied and bids

to open in December, the facilities

there. it was said, would be ahead of

anything \et de\ ised for the jet age.

ATB approxal was given for TC.\
to serve Brussels and Zurich in

March; in Ma> for CPA to stop at

the Azores; in May for Wheeler Air-

lines to ser\e Great Whale from

Montreal; in August for Xordair to

serve Frobisher from Montreal with

three flights weekly; in October for

Western Pacific and B.C. to amend
their ser\"ices to Prince Rupert and

other B.C. airports. Sabena was

granted one-stop service from Mont-

real to connect at \ew York for

flights to Moscow, while Aeroflot will

make two flights weekly from Mos-

cow to Xew York.

Special Flying Services

Northern operations, not included

in any of the above statistics of non-

schednled services, take in aerial sur-

\ eys, spra\ ing of forests for budwonn
control, exploration and geological air

surve>ing for mineral and petroleiun

resources and special airlifts for aw-
struction and mining equipment.

rescue and mercy flights and various

charter services, such as the servicing

of radar station pei-sonnel in the

northern radar warning lines.

Tlie mnnber of privateh -owiied air-

craft operated in Canada has been

increasing rapidK during the past

three vears, and at \ear-end totalled

2100.
'
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CONSTRUCTION

THE CONSTRUCTION Industry

leads ali other industries in Can-

ada in the number of persons it em-
ploys and in the value of production.

New highs have been recorded in

volumes of work done for every year

since the end of World War II,

though the gain for 1958 over the

previous year was only between 1 or

2 per cent compared with the 10 per

cent and 20 per cent gains in the

two previous years of 1957 and 1956
respectively. Value of construction

work performed by contractors at 76
per cent of the total in 1958, re-

mained at about the same proportion

Erection view of Canada's tallest unit

processíng tower . . . shop fabricated and
field assembled by Horton Steei Works
Limited; erected by Canadian Bechtel
Limited at Sarnia, Ont.

of the total volume experienced in

recent years.

Approximately 614,000 workers

earn about $2.37 billion annually, or

a third of the value of work done.

They install or use new material or

equipment annually worth $3.4 bil-

lion. The construction industry 's pro-

gram today represents some 22.3 per

cent of the nation's gross national

product, compared with I6V2 per cent

a decade ago.

Annual Report for 1958 based
on 'Intentions'

The annual DBS report for 1956-

58, containing the most recent statis-

tics available, contains final data for

1956, prehminary data for 1957, and
estimates of the intended program for

1958 based mainly on "Private and
Public Investment in Canada, Out-

look 1958", gathered from a survey

undertaken during the previous fali

by the Department of Trade and

Commerce, revised in June 1958. Pre-

liminary final statistics for 1958 are

not published in time to be included

in this Review. For 1957, however,

the actual figures turned out to be

some 4 per cent higher than the 'in-

tentions'. Value of work performed in

1956-1957-1958 by categories, is

shown in Table I.

Summaries of investment intentions

by sectors of the Economy, as re-

ported by the Department of Trade

and Commerce for 1958 and 1959,

are shown in Table II. Values of con-

struction performed in each province

during 1957-58 are shown in Table

III.

As a further, more up-to-date in-

dicator of new work undertaken in

1958, a summary by categories of

contract awards during that year for

each category of construction, as com-
piled by the MacLean Contract

Cuide, appears in Table IV. This

statement, issued monthly, shows total

cumulative contract awards compared

with those of the previous month and

year. It is closely watched by the

industry as an indicator of trends.

Because only three-quarters of ali con-

struction is done by contract, how-
ever, no record of work done with

daij lahour by railways, utilities, Com-

munications, industries or govern-

ments is included. The annual volume

of construction recorded in Tables I,

II and III, moreover, includes carry-

overs from preceding years, while

values in Table IV are total current

'awards' only for the year noted.

Highlights of Building Construction

in 1958

Building construction in 1958

showed an increase of some 8 per

cent over the previous year. This was

mainly due to the 33 per cent in-

crease in housing, though institutional

construction was also higher than

1957 by some 10 per cent. Commer-
cial building showed little change,

but industrial construction dropped

sharply by 25 per cent.

Though the federal building pro-

gram undertaken the past two \ears

began to slow down through comple-

tions during 1958, this was compen-

sated for by the beginning of an up-

surge in civic buildings, city halls,

provincial government buildings,

homes for the aged, city auditoriums

and the like. These added to the

continuing heavy program for uni-

versity buildings which will average

$20 million over a 10-year period,

and the seemingly insatiable demand
for schools and hospitais, kept build-

ing construction at a high le\el.

A partial list of the more con-

spicuous building completions during

the past year would include — the

Queen Elizabeth Hotel and the addi-

tion to Ecole Poh technique in Mont-

real; the addition to the Ro>al York

Hotel, Bank of Canada Building and
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View of "Mr. Klimax'" Marion 7800 draglinc with its .35 yard bucket. A truck is

parked beside the dragline showing comparative size.

C^oiifocloiatioii hiíc Builcling, at Tor-

onto; second mens residente at

Queens Univer.sit\-, Kingston; engi-

neering science biiildiug at Western
Uni\ersity, London; a $7 niillion

tube-mill and a courthouse at Hamil-

ton; and mine buildings and honsing

development at EUiott Lake.

Xotable among new buildings

started during the year were the Place

Ville-Marie project at Montreal; a 30-

storey office building for Prndential

Insurance and the 20-storey Trusco
Office Building at Toronto; and a

chemical and geological survey build-

ing for Department of Mines and
Technical Surveys in Ottavva.

Continuing under construction were
administration buildings for airports

at Dorval, Malton, Winnipeg, Halifax

and Edmonton, as well as a 13-storey

office building for Shell Oil and the

Mackenzie office building at Toronto;

the Trade and Commerce building at

Ottawa; a Sports Centre at Montreal;

the T.C.A. Jet Maintenance Base at

Dorval, an Exhibition Building at

Calgary; the Blooming Mill at Al-

goma; and the Goodrich Tire Distri-

bution Centre at Toronto.

More than $.3.5 million was spent

in the far north for moving the tovvn

of Aklavik to the new site at Inuvik

and for townsite projects at Forts

McPherson, Simpson and Smith.

Engineering Construction in 1958

Engineering projects as a wholc
showed only a moderate gain in vol-

ume in 19.58 over the previous year.

Highway construction at over $1 bil-

lion was some 7 per cent higher than

19.57; electric power construction,

waterworks and sewage, railways and
Communications, and other engineer-

ing showed little change from the

previous year; construction of dams
and irrigation works showed a small

increa,se. Gas and oil facility con-

struction showed a substantial gain.

Apart from the progress on Cana-

dian power developments (reported in

the foregoing section on Power); high-

way developments by provinces; and
the crude oil and natural gas pipe-

lines and Defence Construction pro-

jects covered elsewhere in this sec-

tion, some of the outstanding engi-

neering projects completed or under-

way during 1958 were as follows:

—

Excluding terminal buildings. ivork

completed or under way during the

ijear on clearance, runwaijs, etc.,

amounted to some $6 million, hring-

ing the total outlaij since World War
II to a cumulative total of $32 million

at ijear-end on 150 major airports in

Canada.

New projects undertaken during the

year are listed under 'Civil Aviation'.

The objective is to prepare runwa\s

for take-off and landings of 150 pas-

senger jetliners.

Bridges

Prominent among bridges were the

New Brunswick Island SI million

bridge, started last August; the Bur-

lington Sk\ way at Hamilton, opened

last September; the floating bridge

over Okanagan Lake at Kelowna,

opened last August by Princess

Margaret; alterations to \'ictoria

Caughnawaga. Jacques Cartier and

Mercier bridges at Montreal to pro-

\ide clearance for seaway traffic,

substantialh- completed during the

> ear; work started on the Nun s Island

bridge over the St. Lawrence from

\'erdun to the South Shore; the re-

building of the Peace River bridge in

northern B.C. where piers were com-

pleted and a $4 million superstruc-

ture contract was under \va>-; the new
Second Narrows Bridge at Van-

couver, two spans of which collapsed

last summer; a C.N.R. bridge over the

St. Maurice River; the Autoronte

bridge over the Riviere des Prairies;

and a bridge over the Exploits River

in Newfoundland.

Tunnels

Major tunnelling projects included

the four lane, mile-long, $17 niillion

Deas Island Highway Tunnel under

the Fraser River south of \'ancon\ er

to be opened earl\- in 1959; and the

half-mile tunnel under the straits of

Geórgia on the B.C. ooast, successfully

blown up in April romo\ing Ripple

Rock, long a hazard to naxigation;

the proposed S201 million tunnel for

Table I— Value of Work Performed by Principal Types — 1 956-1 958

Actual— 1956 Preliminary—1957 Intentions— 1958

Volue % of Volue % of Value % of

$ Millions Total $ Millions Total $ Millions Total

Total Construction 6,389 100 6,702 100 7,136 100
Total BuilcJing Construction 3,789 59.3 3,608 53.8 3,873 54.3

Residentic! 1,830 28.6 1,556 23.2 1,922 26.9
Industrial 594 9.3 568 8.4 423 5.9

Commerciol 599 9.4 688 10.3 675 9.5

Institutionol 450 7.0 528 7.9 576 8.1

Other 316 5.0 268 4.0 277 3.9

Total Engineering Construction 2,600 40.7 3,094 46.2 3,263 45.7

Marine Construction 128 2.0 173 2.6 155 2.2

Highways -Aerodromes 617 9.7 667 10.0 740 10.4

Waterworks -Sewage 193 3.0 247 3.7 261 3.7

Dams and Irrigation 59 0.9 57 0.8 44 0.6

Electric Power 461 7.2 627 9.4 565 7.9

Railway, Ptione and Telegraph 389 6.1 390 5.8 431 6.7

Gas and Oil Facilities 533 8.3 669 10.0 726 10.1

Ottier Engineering Construction. 220 3.5 264 3.9 341 4.8
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Table II— Sumraary of Investment Intentions by Sectors

From Public and Privafe Investment in Canada—Outlook 1958 and 1959
In Milllons of Dollars

1958 1959

Total Construc- AAachínery Toto i

_
Construc- Mocrijnery Total

tion Ec^uipment tion E^uipment

Total 7 230 3 786 11016 7 021 3 799 1 1 000
A^riculturc and Fishin^ 1 74 500 674 1 74 51

1

685
36 37 73 40 46 86
289 1 61 450 294 1 42 436

Construction 19 239 258 20 235 255
Manufacturing 508 1,121 1,629 452 1,159 1,61 1

Utilities 1,676 1,129 2,805 1,480 1,066 2,546
Trade-Wholesale and Retoil. . . 222 184 406 242 21 1 453
Finance, Insurance, Real Estate. . 162 36 198 218 39 257
Commercial Services 67 161 228 64 164 228
Housing 2,188 2,188 2,154 2,154
Institutional Services 484 63 547 534 72 606
Govemment Deportments 1,405 155 1,560 1,529 154 1,683

the Toronto subway, approved last fali

but not commenced at year-end.

Highway tunnels are also proposed

under Mount Royai at Montreal esti-

mated to cost $97 million.

Railway Projects

Completion of Pacific Great East-

ern's extension to Dawson Creek and
Fort St. John on October Ist was
the highlight of the year in railway

construction. In September contracts

were awarded for a 193 mile iron ore

railway 300 miles north of Shelter

Bay on the Gulf of St. Lawrence by
Quebec-Cartier Mining Co. In Mani-
toba the C.N.R. was pushing a 52-

mile line into base-metal territory at

Chisel Lake, 400 miles north of Win-
nipeg—while in Quebec construction

of the second section of the Chigou-
gamau branch from St. Félicien to

Cache Lake continued. Pending at

year-end was a decision respecting

commencement of a $70 million, 400-

mile rail extension from Waterways,

Alberta to Pine Point, N.W.T., jointly

by the C.P.E. and C.N.R. to be assist-

ed by a Federal grant.

In Communications, Canada's 3,900

microwave network from coast to

coast was opened for operation on

July first.

Pipeline Construction in 1958

Canadian pipeline construction in

1958 amounted to some 4,200 miles,

for the third largest season in Cana-

dian petroleum history. Completion of

the last of the 'big-inch' lines, the 30

inch Trans Canada gas line from

Lakehead to Toronto, was the out-

standing job in 1958 in variety of

problems and terrain, as well as the

Head Gates for Beauhamois Hydro-Electrical development, Beauhamois, Que.

The Craw River Valley Bridge, one of

the major building projects on the

second half of C.N.R. 's new $35 million

Chibougamau branch line.

record number of 12 spreads which

worked on a continuous section of

853 miles. With this line in the

ground, the basic mainline distribu-

tion pattern of Canadian oil and

natural gas has been set up, and

there can be no more transcontinental

pipelines of the same magnitude in

the foreseeable future.

Crude oil lines were marked by

only two main-line jobs: the Swan
Hills-Edmonton line and Interpro-

vinciaFs four short loops, between

them totalling 207 miles of line. The
remaining crude oil construction was

gathering system work, amounting in

ali to 375 miles, as shown in Table

II. The total of natural gas lines,

3,600 miles, compared with last

vear s all-time record of 4,300 miles

(Table VI).

The Outlook for 1959 is for lower

volume and much smaller diameters

of pipe, since the number of com-

munities remaining to be served along

the routes of the main lines is dimin-

ishing and the long laterais are most-

ly laid. However, services for new
houses and industrial and commercial

buildings in Toronto and Montreal

will provide a firm foundation. Some
2,000 miles of gas lines ma\- be laid

next year, as well as another 500 600

miles of oil lines.

Materials

The year 1958 witnessed the \ir-

tual elimination of shortages of

materiais which in the past had
hampered construction operations.

Material prices however, in spite of

the recession, in most instances held

at 1957 leveis or showed increases.
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CONSTRUCTION VOLUME
1936-1958

1936-46 BASEDONREPORTS FROM CONTRACTORS ONLY.
1947-57 BASEDON REPORTS FROM CONTRACTORS
a INDUSTRIES DOING TriEIR OWN CONSTRUCTION

old basis. ^new basis

1935 19401 19451 1950 I 1955 I 1960

Aiklitioiís to capacit) íor materiais

production o\cr lecent \eais should

tend to liold prices stead\- in the

coming \ear, thoiigh lahour deniands

and strikes imxy resiilt in some price

incieases.

Luiiilier prices remained dose to

the 1957 a\erage during the first half

of the year but rose IV2 per cent in

the second half; cement, gravei and
sand were up 2 per cent; brick, tile

and stone prices were lower but gain-

ed P2 per cent the second half; paint

and glass showed little change; lath,

plaster. insulation, plumbing and
heating ecjuipment prices were up
slighth-; roofing and electrical equip-

ment prices were down 15 per cent

and 12 per cent respectively, and
other material prices remained steady.

The composite price index showed
little change.

The demand for laminated 'glulam'

timber was maintained, with school,

church, and recreation buildings mak-
ing up for the drop in the industrial

building. Total shipments of sawn
lumber during first 10 months of

1958 were about the same as in 10

months of 1957. E.xports for the

same period were up 8 per cent while

domestic shipments were some SVz

per cent lower than in 1957.

Bookings of fabricated structural

Steel held up well, and suppliers fore-

see an 8 10 per cent increase ahead
for 1959, due to enlarged capacity.

Advances in welding techniques have

reduced weights and saved on erec-

tion. Production and shipments of

cast iron pipe and fittings weré below
those of 1957 by 10 per cent and 5

per cent respectively, and of steel

pipes, tubing and fittings down 11

per cent and 21 per cent respectively

from 1957.

Producers sales of products made
from Canadian clays valued at some
840 million were 20 per cent higher

than in the previous year, while sales

of concrete brick were double, con-

crete blocks up 25 per cent, concrete

pipe up 42 per cent and ready-mix

concrete up 33 per cent compared
with 1957.

Climate Effect—Research

The effect of Canada's rigorous

winter climate on the behaviour and

endurance of various building mater-

iais is being ably and widely studied

and publicized by the Division of

Building Research, National Research

Council, at Ottawa, established in

1957. The effects of low tempera-

tures on soils, muskeg, masonry, wood
products, concrete, plastics, plaster,

bituminous materiais, paints, and in-

sulation are observed at seven differ-

ent test sites across Canada.

Trends

Canadian architects are realizing

that today's trend is toward more
simple exteriors, in better taste than

the oppressive over-ornate buildings

of the past. The swing is towards

acceptance and widespread applica-

tion of the newer uses of concrete as

a building material. Prestressed con-

crete is gaining popularit\' in bridges,

and in buildings as w ell, though more

slowly. Prestressed members are be-

ing produced at reasonable cost.

The lift slab method is gaining

recognition, due to savings in forms

and shoring costs. Walls are being

poured on the ground and tilted into

position. This saves on placing lein-

forcement and on mechanical and

electrical work. With another method
large siickers lift prefab units and

deposit them where desired. Thin-

shelled architectural structures of

concrete are making their appearance

where scaffolding and forms can be

used often to reduce over-all cost.

Concrete curtain wall paneis are

rapidly replacing metal paneis.

Coloured buildings too, are gaining

favour with architects even at extra

cost. Coloured porcelain enamel on a

metal base to modernize exteriors of

old buildings is finding widespread
use due to its weather resistance.

though subject to corrosion on a steel

base if the porcelain gets chipped.

Anodized aluminum, stainless steel

with baked-on coatings, ceramic-face

glass units, glazed brick tile and
ceramic veneer in colours are alterna-

tives, though appearance. as well as

comparative costs for installation and
maintenance. must be compared.

In heating and air-conditioning.

the growth of heating by natural gas

is ha\ing a sharp impact on boiler.

furnace and unit heater selection. On
large buildings the trend is towards

grouping of temperature control in-

struments on a large central panei to

save legwork. Full air-conditioning

installations are fast becoming a

'must' to attract and hold tenants.

\^'ide interest is being shown bv

home-owners in the plumbing and

heating trades campaign to publicize

advantages of remodelling older

homes for greater comfort, conxeni-

ence and style in their plumbing and

heating appointments. The heat-

pump, too, is alread\' finding its place

in many homes for heating in winter

and cooling in summer.

Another far-reaching trend is the

growing use of electronic computers

in the construction industr\". Alread\

\\idel\- used for road and higliwa\-

quantit\- calculations, and for stress

design on bridges, they are now com-

ing into use for determining the best

gradients at which to build the road.

Combined with aerial photogiaph\-

they determine the best vertical and

horizontal alignments.

For estimating, computers can

alread\ correlate cost-experiences.

classif\ theni and extract therefrom

cost data to be applied to estimating

new work. Computer manufacturei-s

predict in teu to twent\- \ears from

now the engineer's prime responsibil-

it\ w iil be delineation of the probleni

and the stud\- of the fimdamentals.

Table III—Values of Construction by Provinces— 1957-58, in $ Millions

Prel minary 1 957 Intentions - 1958
Building Engineering Building Engineerin

420.7 477.4 408.4 417.1

315.3 392.5 344.5 460.2

146.0 207.7 172.4 200.2

180.9 178.4 185.7 159.7

1,421.3 977.4 1,546.0 1,159,5

894.0 676.8 957.4 678.7

85.7 73.8 87.9 64.9

80.2 62.9 1 1 1.6 69.0

8.4 8.3 10.2 1 1.6

55.1 39.2 49.2 41.9

$3,607.7 $4,094.4 $3,873 $3,263
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He w ill then tiiin the design, detail-

ing, scheduling, cost contiol and pre-

paration of the bid over to modern
electronic equipment.

The trend to better ilhimination,

both outdoors and in offices and

homes, as outlined in the Review
pubhshed in the Journal issue of

April 1958 (p. 94), continues apace.

The average lighting levei of 10 to

100 foot-candles in 1952 has giown

to a range of 100-200 today and is

expected to double again by 1968 as

lighting technology improves. West-

inghouse engineers have revealed a

long forward stride in the use of

1,500 cycle power instead of the

standard 60-cycle, with power conver-

sion efficiency near 95 per cent at

rated load.

DEFENCE
CONSTRUCTION

SiXCE ITS ESTABLISHMENT in 1950,

Defence Construction (1951) Ltd. has

completed construction valued at over

$1 billion for Canada's national de-

fence. Much of this expenditure has

contributed to the development of

Canada s north.

In 1958 D.CL. awarded defence

contracts to the value of $90 million

compared with 858 million in 1957.

The year 1958 opened with uncom-
pleted work outstanding valued at

$28.6 million, while work outstand-

ing at year-end was valued at approx-

imately $69 million. In view of the

substantial increase in awards in 1959
and the additional work expected for

National Defence in 1959, it is antici-

pated that expenditures on defence

contracts in 1959 may be nearly

Table IV—Contract Awards in 1958— In Millions of Dollart

Province

British Columbia
Alberta

Saskatchewan
Manitoba
Ontário

Quebec
New Brunswick

Nova Scotia

Prince Edward Island.

Newfoundland

CANADA— 1958 1,413.3

Gain or Loss of 1957. Up61%

Residential Commercial Industrial Engineering

104.38 94.35 14.86 56.18

99.69 83.00 5.32 69.73
29.87 35.30 23.53 28.32
31.11 38.35 8.09 47.28

675.76 429.42 84.51 299.90
41 2.21 364.55 88.21 177.88

> 60.18 80.41 24.25 126.93

Total

269.78
257.74
1 17.02

1 24.94

1,489.6

1,042.9

141.1

105.0

10.2

35.4

1,125.4 248.7

Up 41.5% Down 37.5%

806.3 3,593.7

Down 2% Up 24%

double those of 1958, or nearly $100
million.

Northern Development

As in previous years, 1958 again

saw large projects undertaken in the

north, such as paving a section of

the North West Highway System

(Alaska Highway), the construction of

the new Peace River Bridge and the

large refuelling facilities program
at Frobisher, Churchill and other

sites. The contract for paving the

first 51 miles of the Alaska Highway
is nearly complete, while the new
Peace River Bridge is expected to be

ready for traffic next fali.

Under an agreement between
Canada and the U.S. four refuelling

bases are being built in Frobisher Bay,

Churchill, Manitoba, Namao and
Cold Lake, Alberta. Funds for de-

sign and construction are being provid-

ed by the U.S.A.F. In recent months
D.CL. awarded construction contracts

to the value of $25 million for these

refuelling facilities. Work is already

under way at Frobisher Bay and

Churchill. The Frobisher Bav con-

Erection of structural steel for engine test house at T.C.A.'s new turbine mainten-
ance and overhaul base at Montrears Dorval Airport.

tract was awarded in the amount of

$10.8 million. During last summer
some 9,000 tons of initial stores were

shipped there and work was started

immediatelv.

Air Defence Program

Turning to future defence construc-

tion activity—D.CL. looked forward

to participating in a start in 1959 this

year on the new aspects of the air

defence program, which call for the

introduction of Bomarc, Sage, and

the extension and strengthening of

the Pinetree radar control system.

The Bomarc guided missile is design-

ed to be used in defence against

hostile bombers. The Bomarc missile

is an airplane, it has wings and stabil-

izers and air keeps it alof t. It is guid-

ed from the ground with the aid of

the same radar system as that used

in guiding manned interceptor air-

craft. Unlike conventional aircraft the

Bomarc is launched from a vertical,

tail-down position by the blast of a

rocket engine.

Two Basrs

It is proposed to establish two

Bomarc bases in Canada, to be locat-

ed in northern Ontário and Quebec

áreas. Additional Bomarc bases may
be located in Canada in the later

development of the program, but

priority is being gíven to these two

bases. The government decided to

incorporate SAGE, or semi-automatic

ground en\'ironment, in the Canadian

air defence system. Expected to be

in operation by early 1962, SAGE, an

electronic computing centre, will serve

as the brains of the air defence

system, and will be integrated as

part of the North American SAGE
system under Norad. The govern-

ment has also approved the extension

and strengthening of the Pinetree

radar control system. Several addi-

tional large radar stations will be

constructed.
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NATIONAL DEFENCE

THE NAYY IN 1958

CoNsoLiDATiox of techiiical training,

maintaining increasingly complex

naval eqiiipment, armament and ma-
chinen- and the setting np of a team
to study the feasabihty of acquiring

nuclear submarines, were high on the

list of R.C.N. activities in 1958. At

year-end the Navy had 47 warships

in comniission, three R.N. snbmarines

under its operational control and a

fnrther 6 ships under refit.

Major additions to the fleet in 1958
were tvvo destroyer-escorts, one frig-

ate, 43 CS-2F anti-submarine aircraft,

and the last of the Banshee jet íighter

procurement program. Banshee fight-

ers were fitted with the air-to-air Side-

wincier, while anti-submarine heli-

copters were fitted to carry homing
toipedoes with a kill capability.

A new Naval Technical School was
opened at Esquimault, B.C. to serve

as a primary source of highly skilled

personnel to operate and maintain the

increasing amount of technical equip-

ment. Training advances included

formation of a cadet training squadron

on the Pacific Coast with the primary

task of training cadets from service

Today's sailor is a technician and speci-

alist. Here a petty officer of the engin-
eering branch operates a throttle valve
in the engíne room of a Tribal class

destroyer escort.
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coUeges, universities and HMCS
Ventitre.

THE RCAF IN 1958

Elements of AIR Defence Command
stood ready on a 24-hour-a-day basis

throughout the year to detect and at-

tack any hostile aggressor. Keeping
these elements in top operational form

were several NORAD exercises.

In September, Prime Minister Dief-

enbaker announced that an integrated

\\'eapons system which includes the

BOMAfíC 'missile and SAGE (semi-

automatic ground environment ) would
be introduced into the Canadian air

defence system by 1961. Also ap-

proved was the extension and
strengthening of the Pinetree radar

control system. Two Bomarc bases

will be built in the general northern

Ontário and Quebec áreas and others

may be located elsewhere in Canada.

Runway barriers were installed at

seven Air Defence Command bases

in Canada during the year. The bar-

rier will prevent aircraft up to and
including the CF-100 from becoming
damaged by overshooting the runway
on landing.

Overseas, some 6,000 members of

Canada's European-based Air Division

continued to retain their high opera-

tional standard. Simulated combat ex-

ercises were carried out during 1958
among the R.C.A.F.s four fighter

From the four corners of the

globe where its members are working

to maintain world peace, the Can-

adian Anny looked back at year-end

on another year of progress and

achievement.

As the year ended Canadian soldiers

were serving in Europe, the Middle

East and the Far East in support of

Canada's increasing commitments to

NATO and the United Nations. In

June observers were sent to Lebanon

for duty with the United Nations Ob-

server Croup. Canadian troops serving

wings and with other NATO coun-

tries. Canadian aircrews again won
top honours from aerial marksmen
of other NATO air forces during the

air firing competitions at Cazza.

France.

In July, a ceremony held at Winni-
peg marked the closing of the original

NATO aircrew training scheme begun
in 1950. Final intakes of NATO air-

crew personnel were nearing com-
pletion of their courses at year-end.

Replacing the original plan. training

was continuing for limited numbers
from Norway, Denmark and the

Netherlands. Since the inception of the

original scheme, the R.C.A.F. has

graduated more than 5,500 aircrew

from 10 NATO countries. With the re-

duction in training, two of the Com-
mand's bases—Clareshohn and Lon-

don were closed during the year.

1958 was a busy year for Air Trans-

port Command as its aircraft airlifted

nearly 14 million pounds of cargo and

more than 70.000 passengers. During

the year more than 180 scheduled

roimd tiips were made to Europe in

support of No. 1 Air Division and the

UNEF in the Middle East. In ad-

dition, nearly 650 replacement troops

were airlifted from Montreal to El

Arish and 675 were retumed, on

special U.N.E.F. rotation flights.

Late in 1957, the R.C.A.F. 's two

Cornet aircraft were put into sched-

uled Trans-Atlantic sei"vice, and since

that time have made 28 round trips.

overseas at >ear-end totalled some
6,500, the majority with Canadas
NATO brigade group in Europe and
with LT.x È.F. in Eg>pt. Late in Nov-

ember ali U.N. observers were with-

drawn from Lebanon.

At home and abroad the .\rm\- em-

barked on a gradual but general re-

organization in 1958 to meet the

changing coneepts of war and the

advent of the space age.

The GoA cniment decided in Octo-

ber to equip the Anny with the U.S.

Lacrasse smface-to-sin-face gxiided
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Symbolic of the ground-air co-operation necessary in the air defence of North
America is this photo of swift CF-100 "Canuck" interceplors on a sweep over the

domes of an R.C.A.F. radar station.

missile. A battery of four launchers

and associated fire contiol equipment
will be put into service. Half the

battery will be assigned to the 4th

Canadian Infantry Brigade in Gei-

many while the other will be located

in Canada.

The Ist Canadian Infantry Division

ceased to exist as an active nnit last

Jannary, and the field force was re-

organized into four independent brig-

ade groups. In line with the new tac-

tical concept that the brigade is the

basic fíghting fomiation, the activation

of a new armoured regiment was an-

nounced in November. Each brigade

group in the Regular Amiy now has

an armoured regiment in suppoit.

Planning for the future also gave
birth to the Directorate of Combat
Development, which will develop new
doctrines and techniques and assess

these by modern scientifíc methods.

New equipment introduced during
the year included prototypes of the

Bobcat, a new armoured tracked car-

rier featuring speed and mobility, es-

sential factors for survival on the

atomic battlefield. Amphibious as well

as armoured, the vehicle affords com-
plete protection against the thermal
effects of atomic explosions and can
carry troops across ali types of terrain.

Also in the field of nuclear warfare,
an Army officer came up with an in-

vention, since adopted as standard
equipment by the Army, for a safer,

more practical and more economical
method of testing the instruments used
to measure radioactíve fall-out and
contamination.

The first full-scale field use of a

tellurometer, a battery-powered echo
timing instrument that accurately and
precisely measures the distance be-

tween two points, was made in the

far north last summer by Army Engi-

neers surveying 60,000 square miles

of unmapped tundra. Several other

military survey parties, from the Army
Survey Establishment, took to the

field to help the mapping of Canada.

The Army's Communications link

Canadian arsenals limited, a

Crown-owned company whose func-

tion is to produce arms and ammuni-
tion for the AiTned Services, continued

to effect improvements in manufactur-

ing techniques.

The Company has nine Plants

located in Ontário and Quebec, and
among the major production facilities

recently installed are the following:

Artillery cartridge cases, previously

manufactured from brass, are being

replaced by steel cases. The cases are

with the United Kingdom was boosted

in October with the opening of a new
30-kilowatt radio transmitter near

Ottawa, equipped with an electronic

mernonj device which automati-

cally sets the multitude of controls

after a master switch is tunied on.

cold deep-drawn and subsequenth'

zinc plated. The plating is perfomied

in a Lasalco plating and chromating

unit which performs fourteen separate

operations automatically. This unit is

located at the Dominion Arsenal Div-

ision in Quebec City. Heat treating of

the Steel cases is also carried out auto-

matically in an Ajax continuous sub-

merged electrode salt bath furnace.

At the Small Arms Division of the

Company, at Long Branch, Ontário,

extensive use is niade of broaching

machines in the production of the 7.62

mm FN Rifle", 12 broaches effecting

some 37 operations previously per-

fomied on 1.50 milling machines. This

rifle is capable of being fired single-

shot, semi-automatically, or fully auto-

matically at 6.50 roimds a minute.

At the Explosives Division in

Valle\field, Quebec, a program of re-

construction of wartime temporary fa-

cilities was proceeded with, and new
facilities for the manufacture of rocket

grains were completed and brought

into production. A building housing

crystallizing equipment was used in

the manufacture of RDX high explo-

sive. Protection is aftorded on three

sides by sand-filled timber barricades

which are believed to be the highest

in the coimtr\'.

**'The F.N. Rifle" Engineering Journal of
March 1958.

CANADIAN ARSENALS IN 1958
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GOVERNMENT WORKS

Federal Department of Public Works

DuRixG THE FISCAL year 1957-58,

latest year for which a record of DPW
is available, construction and repairs

World's laigest Waterspheroid, standing

132 ft. above ground levei at Red Deer,
Alberta.

were done on 263 wharves, break-

waters and other harbour facilities of

which 188 were completed. A total

of 1,488 smaller projects were under-

taken. Dredging was carried on in

328 locations involving removal of

9.5 million cubic yards.

Contracts for construction of 292
Federal buildings and other preniises

occupied by Government departments

were awarded. Work was still in pro-

gress at March 31, 1958, on 122.

Construction was started on the DPW
administration, the National Gallery

and The Finance Building, ali in

Ottawa.

Expenditures are shown in Table 1.

Sewage and Waler Projects

\\'orthy of mention aniong sewage
and waterworks projects were Metro-

politan Toronto's East Don Sanitar\-

Trunk Sewer, completed in 1958;

and Montrears Decarie-Rainbault

$10y2 milhon Collector Sewer, 8V2

niiles long and ISVa ft. in diameter

along Queen Mary Road, to be com-

pleted in late 1959. The Conestoga

flood control dam in Ontário was com-
pleted in January 1958.

In Ontário alone the Ontário Water
Resources Commission, set up in April

1957, has already committed itself

to $23 million for construction on be-

half of municipalities requesting water

and sewer projects. Its objectives are

to insure maintenance of safe water

supplies and to niake it possible for

municipalities to finance water and

sewer treatment works. Six water-

works and three sewer projects cost-

ing $1^2 million are in operation, as

well as a 30-mile water supph' líne

costing S3.7 million from Lake Erie.

Under construction are some 25 addi-

tional projects which will cost another

$20 million.

ExTJresswa>s

Among municipal projects for ex-

presswa>s completed or under way
were the Sl milhon Parkway at Mont-
real over Mount Royai, opened in Sep-

tember; the 35-mile 80 100 ft. wide
Metropolitan Trans-Island Boulevard

across Montreal Island, to cost 831

million o\er a six \ear period; The
Ontário Highwa>'s Dept. 'Queens

Way' through Ottawa; a 6-lane ex-

presswa}- from \'ancouver to Blaine.

Wash.. which passes through the Deas
Island Tunnel under the Fraser River;

the Don \'alle> Parkway and the F.

G. Gardiner Expressway at Toronto,

opened in August.

Highway Construction in 1958

Total road expenditure at ali three

le\els of government in 1958 was

estimated by The Canadian Good
Roads Association at 81,044.6 million

ou highways, roiíds, streets and

bridges—a 7 per cent increase o\ er

that of the pre\'ious year. Of the

total, federal expenditure totalled

$115.66 million, provincial e-xpendi-

turc totalled $668.97 million (includ-

ing subsidies of 886.45 million to

municipalities). while municipal ex-

penditures totalled 8260 million in

addition to provincial subsidies.
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Federal expendituie of $115.66 mil-

lion was divided as follows: National

Defence Northwest Highway System,

$10.11 million; Northern Affairs and
National Resources, $28.14 million,

Public Works, (including Trans Can-

ada Highway Grants) $60.8 million;

Federal District Commission, $1.6

million; Railway Grade Crossing

Fund, $15 million.

Net current and capital expendi-

tures by provinces in 1958 on high-

ways, roads and bridges, with expend-

itures on construction only for each

shown in brackets, were as follows:

in millions of dollars: P.E.I., $4.06

($2.58); Nova Scotia, $27.28 ($14);

New Brunswick, $23.45 ($12.44);

Quebec, $150.9 ($106.28); Ontário,

$257.58 ($181.43); Manitoba, $35.62

($4.83); Saskatchewan, $32.9 ($8.71);

Alberta, $57.98 ($11.46); British Co-
lumbia, $79.2 ($14.74). Newfound-
land's budget, not yet approved, was
expected to total $10 million.

A breakdown of construction pro-

gress for each province during 1958
by categories such as mileages of grad-

ing, base course, paving, etc, as re-

ported at the C.G.R.A. Convention

in October, was published in the No-
vember issue of the Journal under
'Roads Roundup', pages 120-123.

Of the three leveis of government,
according to C.G.R.A., statistics on
municipal road and street expenditure

are the least reliable. Previous e.xpend-

itures prior to 1958 had been sub-

stantially underestimated. Efforts now
under way will improve the accuracy,

but more reliable data is needed on
urban road and street finance before

a clear picture can be gained.

Highway Traffic Statistics

\'ehicles on Canadian highwavs in

1957 totalled 4,459,595, double the

number registered in 1948. Each regis-

tered \'ehicle travelled an average of

8,253 miles in 1957, compared with

7,942 miles in the preceding year.

In 1957 ali motor vehicles travelled

an estimated 36.8 billion miles, com-
pared with 33.6 billion miles in 1956.

Canada's mileage of surfaced roads

rose from 131,000 in 1945 to an ex-

pected 252,000 miles by the end of

1958. For the first time since World
War II there was evidence bmlders
of intercity highways and rural roads

were catching up with traffic de-

mands. Urban traffic gets more and
more congested however. More than

half of Canada s population live in

cities. but municipal expenditures

amount to only one quarter of the

total national road and street budget.

Federal Roads to Resources' Program
Of national importance was the

Federal governments proposal last

year to spend $115 million over seven
years on roads in the Northwest Tei -

ritories and the Yukon. British Col-

umbia, Alberta and Saskatchewan
signed agreements with Ottawa last

fali imder the program. Initial pro-

jects commenced in 1958 included the

$20 million Cassiar-Stewart Highway,
while starts were made by Dept. of

Northern Affairs on the Mackenzie
Highway from Alexandra Falis to

Yellowknife. Construction will start in

1959 on 400 miles in the Yukon from

Fiat Creek northerly to Fort Mc-
Pherson and on the Clinton Creek
Road northwesterly from Dawson.
Several bridges to replace ferries along

the Whitehorse-Dawson road were
undertaken dming the winter.

Government Works

Apart from the many and diverse

services perfonned by federal, provin-

cial and municipal governments, the

end-product is in the form of con-

struction of highways, buildings, air-

ports, navigation canais or channels

and other fornis of public works. Pub-

lic accounts from the Federal Gov-
ernment and each of the ten provinces

are not published until a year or

more after the end of the fiscal year.

Capital investment intentions dur-

ing 1958 by government departments,

housing and institutional services, ex-

clusive of Crown Companies, com-
missions, authorities, administrations

and the like, were expected to amount
to $3,592 million or 38 per cent of

the total Canadian investment, com-
pared with 32 per cent in 1957.

Direct government outlays at ali three

leveis of government during 1958, ex-

clusive of privately-ovvned housing

and institutions, were expected to

amount to $1,515 million, according

to revised forecasts in June 1958, or

17.7 per cent of the total Canadian

investment, compared with $1,405

million or 16.7 per cent of the total

Canadian investment in 1957.

The total of direct government out-

lays in 1956, last year for which full

statistics of ali government expendi-

ture are available, was shown in the

Trade and Commerce "Private and
Public Investment Outlook" at $1,300

million. Deducting therefrom the

$163.5 million spent by the Federal

Department of Public Works, includ-

ing highwavs, the same year (as

shown in detail on Table I) leaves

$1,137.5 million presumably spent b\'

provinces and municipalities.

Expenditures during 1956 bv pro-

vinces and municipalities on high\\ ays

Foundation Co. of Canada develops
high-speed tunnelling inethods without

the use of explosives. Start of operation

on 11-ft. diameter 2V2 mile long Humber
Valley Trunk Sewer for the Municipality

of Metropolitan Toronto.

and streets totalled some $820 million,

leaving some $317.5 million spent the

same year on other categories of

public works and publicly-owned in-

stitutions. A summary of public works

expenditures from Provincial Public

Accounts the same year showed a

total of some $150 miUion for pro-

vinces alone. The difference of $167.5

million would thus appear to repre-

sent public works expenditures at

municipal leveis.

P.F.R.A.

The Prairie Farm Rehabilitation

Administration, or P.F.R.A., was set

up in 1935 during the severe drought

and depression years of the 'thirties'

to aid farmers in the dry belt of the

three prairie provinces. The Act

establishing it was amended in 1937

to increase its scope and authority.

Its head office is at Regina, with

regional offices at Kamloops and
Winnipeg and 18 distiict offices in

foin- Western provinces. It is adminis-

tered through the Federal Dept. of

Agriculture. Its two primary fimc-

tions are water de\'elopment and land

utilization within the 105 million acre

area under its supervision.

Larger Irrigation Projects in 1957/58

During 1957-58 expenditures under
special votes were: surveys and
engineering, $1.77 million; St. Mar>'

River project, $1.62 million; Bow
River project, $1.67 million; land pro-

tection and reclamation in Manitoba,

$337,190; Buffalo Pound project,

$440,515; South Saskatchewan pro-

ject $259,600; Red Deer project,

$71,800; construction on other miscel-

laneous projects, $22,855 and sur\e> s
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Table I— Expenditures by Federal Dept. Public Works Fiscal Yeor 1957-58.
in millions of dollors

Construction Repairs

Dredging and and Staff Total

Improvements Maintenance Sundries

Public Buildings

Harbours and Rivers

Trans Canada Highway. .

Administrotion, etc

TOTAL 1957-58

'56-57 FOR
SON

$

7.30

7.30

6.68

$
55.43
21.98
62.20

139.62

104.20

$
7.28

2.99

10.27

9.88

30.41

1.57

8.10

46.09

42.74

99.1 3

33.85
62.20
8.10

203.28

163.5(

and construction on Assiniboine and
Qn Appollf Rivers, $249,582.

On the St. Mary project the East

Ridge Dam and the Belly river divi-

sion canal were completed. Repairs

and alterations were made on a

nuniber of w orks already in operation.

.-Mmost 170,000 acres were nnder ir-

rigation in 1957.

On tlie Bow Ri\'er project, enlarg-

ing ol the original facilities were com-
pleted. Capacity of Lake McGregor
re.servoir was increased. Water was
delivered for the first time in 1957
to the West Block of the project,

which received 3,073 acre-feet of

w ater dnring 1957.

On the Sonth Saskatchewan River

development snfficient information

was gathered in 1957 to pennit pro-

ceeding with construction. Extensive

drilling investigations of site fonnda-
tions was undertaken and silt sampling
and stream flow measurements were
continued. At outlook a 171 acre

e.xperimental farm to stndy techniqnes,

practices and crop yields was in

operation with water pumped from
the river. (Though not noted in the
1957-58 report, agreement was reach-

ed in July 1958 between the Federal
Go\ernment and the Province of

Saskatchewan to commence construc-

tion of th is project on a cost sharing
basis.)

No New Trend in Dustbowl

Saskatchewan and Manitoba
farmers fear they may be headed for

a cycle of dronght like that of the
'thirties'. The Red River valley la.st

September suffered the most acute
water shortage in 25 years, while
around Saskatoon farmers were water-
ing their cattle by tank-trucks. Winter
snowfall has been below normal dnr-
ing winter 1958-59. But scientists of

the climatological section of the

Meteorological service of Canada see

no recurrence of the pattern that pre-

ceded the dry years of the 'thirties'.

Although occasional dry years may
come, moisture seems to be getting
better instead of worse over the long-
haul, they say.

Engineering Services

to Foreign Nations

Caííada's CONSULTING enginecrs and
architects are continuouslv designing
and supervising new buildings, hous-
ing, manufacturing plants, and heavy
engineering developments for power,
pipelines, airports, smelters and re-

fineries. harbours and transportation

facilities. These are translated by
Canadian construction firms into the

TOTAL 1

nation s industrial potential at a rate

valued at more than $7 billion an-

nually. Here is a vast store of

'knowhow' available to younger
nations.

Many Canadian engineers—mining,

civil, electrical, mechanical, atomic

and chemical, are active as consultants

in foreign countries ali over the world.

\'ast power and electric traction sys-

tems in such countries as México,

Spain, Venezuela and Brazil have

been designed and built by Cana-

dians. Brazilian Traction is operated

today from Toronto hy Canadian
management.

In addition to the work being

carried out by Defence Construction,

Ltd. in commonwealth countries

under the Colombo Plan, Canadian

general contractors are taking a grow-

ing and lively interest in bidding on

foreign projects. For example, one

such firm is currently installing a

The canadian colombo plan Ad-

ministration of the Department of

Trade and Commerce has been en-

deavouring since its inception in 1951

to assist the commonwealth countiies

in Southeast Asia with their economic

and industrial development. Sub-

stantial progress in certain fields has

been made by many of these coun-

tries, including Pakistan, índia and

Ceylon, through the assistance given

by Canada but a tremendous amount
of work remains to be done.

The Colombo Plan Construction

Program, which is part of the over-

all Plan, is managed hy Defence Con-

struction (1951) Limited on behalf of

Trade and Commerce. During the

past 5 years, through Canadian en-

gineers, contractors and manufac-

turers, it has supplied Pakistan and

índia with the complete design and

specifications for stmctures and equip-

ment, as well as construction equip-

ment, pemianent equipment, building

materiais, construction management,

supervision, superintendence, training

40,000 k.w. nuclear research reactor

in índia, while auother is associated

with a local firm which was low

bidder on a multi-million dollar h\ dro-

electric and irrigation project in Latin

America, in competition with a dozen
American and European construction

finns. Pulp mills have been designed

and built recently by Canadian en-

gineers in thirteen foreign countries.

Canada's trade conimissioners ali

over the world can obtain full infonn-

ation about these projects and the

finns which are designing them and
carr\ing them out. A further direct

source of infomiation is the Engineer-

ing and Equipment Division. Depart-

ment of Trade and Commerce,
Ottawa. Canada.

Canadians are welcomed in foreign

lands because foreign nations under-

stand Canada has no politicai aspira-

tions and no 'strings' are attached to

their services.

and the technical services necessary

to instai h\ dro-electiic de\elopments

ranging from 12.(W)0 to 240,000 kilo-

watt stations, and thermal steam

plants of 10,000 to 20.000 kilowatt

generating capacity.

The>- have also supplied similar

services for transmission lines and a

300 metric-ton per day cement plant

in West Pakistan. In Ceylon. Cana-

dian engineers and conti"actors have

contributed their knowledge and en-

erg\- to complete successfulK a fí.sh

refrigeration and by-products plant

capable of processing 25 tons of fish

every 24 hours.

The total Canadian contribvition to

the construction program up to the

present time approximates SS6 million

of which approxiniateK- S73 million

has been committed. A general dis-

tribution of the commitments is as

follow s: engineering sen ices $6 mil-

lion; permanent equipment S43 mil-

lion and construction services. includ-

ing construction equipment. S24

million.

Canadian Engineers in Southeast Asia
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INDUSTRIAL PRODUCTION

IRON AND STEEL

Canada 's primary steel production

for the full year 1958, at some 4.25

millions tons of ingot, showed a de-

crease of 13V2 per cent compared
vvith the 4.92 millions tons produeed

in 1957. Production for the year av-

eraged 73 per cent of rated capacity,

in spite of a strike at Stelco, Canada's

largest producer, which had dropped

total output close to 50 per cent of

capacity in September and October.

Production of pig iron at some 3.06

million tons for the full year was 18

per cent below the 3.73 million tons

produeed in 1957.

Canadian steelmakers finished the

year at close to 90 per cent of rated

capacity, the highest operating levei

since early in 1957. With orders on

hand at year-end indicating a high

operating levei for the first quarter of

1959 at least, they saw a fair chance

of overall domestic demand holding

at a high levei through most of the

year.

Farm implement orders were at a

nevv high levei; steel demand for

heavy industrial construction pro-

grams was strong; demand from ap-

pliance manufacturers was improving

and the automobile industry showed
signs of early recovery. On the other

hand, nevv railway car business was
almost at a standstill; while a de-

pressed oil industry and a sharp drop

in demand for pipe, casing, etc. Iiad

sharply reduced the markets for steel

plate.

Production Statistics for 1958

Of the 3.73 million tons of crude

iron ore charged to blast furnaces

75 per cent came from foreign mines

and 25 per cent from Canadian mines.

Of the 1.78 million tons of sintered

or pelletized ore used, 46 per cent

came from Canadian mines and 54

per cent from the industry's own pro-

cessing. Scrap used totalled 132,100

tons. Of the 3.06 million tons of pig

iron produeed, 429,494 tons was

shipped for sale and the balance

retained for the industries' own use.

Pig iron production averaged 71%
of the industry's annual capacity of

4.2.5 million tons.

Charges to steel furnaces of 4.75

million tons included 2.61 million

tons of pig iron, 1.17 million tons of

produeed scrap and 0.97 million tons

of purchased scrap. Of the 4,254

million tons of ingot made, 3.797

million tons was basic open-hearth

(including 19,736 tons of alloy steel)

ingot; and 0.457 million tons electric.

Of the 90,684 tons of steel castings

made, 15,971 tons was open hearth,

74,695 tons electric and 18 tons other

production.

Disposition of Steel Castings

Based on reports from consuming

industries for shipments of the 90,-

685 tons of castings, distribution was

as follows, in tons: exports, 1,545; to

automotixe industries, 586; agricul-

tura), including farm implements,

1,801; mining, lumbering and quar-

rying, 14,787; petroleum, 1,187; na-

tional defence, 47; public works and

Two L-D Oxygen Steel-making furnaces at the Algoma Steel Corporation, Limited
are housed in the large building shown here. ít is equivalent to a 10-storey struc-

ture spread over the length of a city block.
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Utilities, 2,964; lailway operating,

17,978; railway lolling stock, 30,523;

shipbuikling, 1,255; and miscellan-

eoiis. 5, 476.

Piotlnction chuing the year of

loUed steol products vvas made up
of 3.46 million tons of ali hot lolled

products, 1.258 million tons of cold

rolled products and 114,866 tons of

ali alloy products. Total shipments

amounted to 3.42 million tons, of

which 1 million tons was for further

processing; 4.71 million tons of carbon

products of which 1.47 million tons

was for further processing, and 114,-

947 tons of alloy products of which

93 tons was for further processing.

Disposition of Rolled Products

Disposition of rolled steel products

was as follows: in tons: to wholesalers,

319,470; exports, 222,605; automotiva

industries, 175,200; agricultural in-

cluding farm implements, 90,238;

construction, 601,200; containers,

321,258; merchant trade, 323,095;

mining and lumberíng, 76,600; de-

fence, 3,710; pressing and stamping,

182,277; public works and Utilities,

23,833; railways, 319,000; railway

rollíng stock, 71,285; shipbuilding,

15,327; pipes and tubes, 461,300; and

miscellaneous, 3,044.

Capacity

Iron blast furnace caj)acity at year-

end totalled 4,248,875 tons annually,

with 76.3 per cent in 9 furnaces in

blast, 16.9 per cent in 4 banked furn-

aces; and 6.8 per cent in 2 furnaces

blown out. Annual steel furnace capa-

city as of January 1958 at 6,303,000

tons was for ingots; basic open hearth,

4,497,000 tons; electric, 706,000 tons

and oxygen, 710,000 tons. Steel cast-

ing capacity totalled 390,000 tons.

Activities of the "Big Five"

Primary Producers

Steel Company of Canada, Canada's

largest producer of ingot, with annual

ingot capacity of 2.4 million tons.

brought its new number 2 blooming
mill into operation at Hamilton early

in 1958, raising its total annual roll-

ing capacity to five million tons of

steel.

That, however, is double its cur-

rent ability to produce steel, for to

fully utilize the new $25 million plant

would normally require as well a

doubling of coke-oven, blast furnace

and open hearth facilities. Planning in

this direction is now under way.

Estimates of their costs are difficult

to make, but Stelco officials think

capital expenditure might ultimately

reach a further $1.6 billion.

Stelco officials see no reason as

yet to modify their prediction made
to the Gordon Commission in 1956,

that Canadian steel consumption

would double to 14.3 million tons

annually by 1980. Assuming some
83 per cent of this to be domestic

production, (vs 70 per cent at present)

the entire Canadian steel industry

\vould have to double ingot capacity

over the next 22 years to about 12

million tons a year.

Algoma Steel Corporation

Canada's second largest producer

with capacity of 1.3 million tons is

in the final stages of a 10-year mod-
ernization and expansion program.

Preliminary engineering is complete

on a new plant to make heavy struc-

tural steel beams up to 24 inch widths

on a 75 acre site on the U.S. side of

the St. Mary's river. This $25 million

project will be carried out in three

separate stages over several years.

With completion in 1959 of two

new plants—combined blooming and
wide-plate mill and an oxygen steel-

making mill, the major post-war ex-

pansion costing some $170 million

will have come to an end. This ten-

year period will show a 62 per cent

expansion in Algoma's steel capacity.

The existing 600,000 ton operation it

started with will also have been full\-

rehabiliated.

1930

STEEL INGOT PRODUCTION
1931-1958

nu
1940 1950 1960

The new ore bridge of Algoma Steel

Corporation, Limited has a bucket ca-

pacity of 22 V2 tons, making it one of

the largest of its t>pe in existence. Large
bucket capacity and the fast operating

speed of the bridge have reduced ship

imloading time.

Blast furnace facilties have been

expanded and modernized. No. 6 furn-

ace has been enlarged to a capacity

of 1500-1600 tons daily. Fifty per

cent of the gread\- expanded coke

oven capacit\^ has been built since

1953. The combined blooming mill

and w ide plate mill will start opera-

tion early in 1959. The new plate

mill will greath- increase Algomas
market potential in flat products. Long

term steel suppl>- arrangements with

Mannesmann Tubes. among the most

modern pipe mills on the continent

built next door to Algoma, has opened

a big market for 'tube rounds' for cas-

ing. Ingot product in 1958 amount

to 961,535 tons.

Dominion Steel and Coal Corporation

For Dosco. Canada's third ranking

steel ingot producer with close to

one million tons annual capacity, the

last big addition was the opening of

a sixth open hearth furnace at S> dney

in mid-1957, raising capacit>- from

some 700.000 tons \early to about a

million tons.

Most recent capital additions other

than the new open hearth furnace in-

clude soaking pits at Dominion Iron

and Steel, a S4 million plant for Cana-

dian Steel and Graham Nail division

in Toronto, a new rolling mill finish-

ing building at Canadian Tube and

Steel products in Montreal and a new
plant for Canadian Bridge at Mont-

real.
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The year 1958 was one of wide-

spread changes. In September 1957
control of the Company had been
taken over by A. V. Roe, Canada,

Ltd. management reorganization re-

volved around in the division into

four operating divisions:—production,

fabrication and manufacturing, min-

ing and transportation. Currently,

capital expansion is límited, reflecting

the lower steel demand. Tonnage of

ingots produced in 1958 has not been

reported.

Dominion Foundries and
Steel Corporation

Dofasco, with an annual capacity

of at upwards 900,000 tons, added
45 coke ovens in 1953, bringing total

to 105 ovens and making the com-
pany self-sufficient in coke supply.

The company also opened its anhy-

drous ammonia manufacturing plant,

built by North American Cyanamid.
It is spending $4.5 million on new
equipment, including two boilers and

boiler house to provide the extra

steam needed for the new ovens.

Ingot tonnage for 1958 has not been

disclosed, but it is expected to be

considerably below 1957 production.

Atlas Steels

With annual capacity of some 240,-

000 tons of specialty steels, operated

at about 40 per cent of capacity in

February last year, but recovered to

55 per cent of capacity by mid-year.

Value of production based on the first

9 months indicated value of shipments

for 1958 would reach some $30 mil-

lion or 31 per cent below 1957. The
decline last year was mainly due to

reduced requirements of the automo-
bile industry, which accounts normal-

ly for half of the company 's sales ton-

nage and 35 per cent of the sales

dollar.

Construction of a 3-storey 39,000

sq. ft. administration building, started

in October 1957 was completed in

June last year, to promote the use

of stainless steel for construction in

Canada. This steel is produced by
Usines Gilson, S.A. of Belgium, a

company in which Atlas acquired a

30 per cent interest in 1957.

Other Developments in 1958

Elsewhere in Canada, a start was
made last year on a new pipe mill

at Contrecoeur, Quebec by Steel

Company of Canada. New steel fin-

ishing capacitA' was installed in West-

ern Canada. Construction of a small

basic steel mill is being planned by
U.S.-Canadian interests south of the

St. Lawrence River at Varennes east

of Montreal. It will have annual capa-

city of some 100,000 tons of semi-

refined steel. Part of the output will

be sold as pig irou with the balance

being made into ingots. Capital cost

is estimated at between $7 and $12
million, will use the Strategic-Udy

process and will be built by Koppers
Co., Inc.

IRON CASTINGS
Production of iron castings, pipes

and fittings during 1958 amounted to

691,268 tons or 7 per cent less than

the 743,716 tons produced in the

previous year. Shipments during the

same period at 568,322 tons, how-
ever, were only 3 per cent less than

1957 shipments in the same period.

Cast iron pipes and fittings alone

showed a 2.3 per cent increase, so

that the drop in volume was entirely

in the area of general castings and
castings for use in producers' own
plants. The industry covers operations

of iron and steel works chiefly oc-

cupied in making commercial iron

castings or iron and steel pipe and
tubing. Some machinery, boilers,

engines, stoves and furnaces, etc,

were made as secondary or minor
products. Some iron foundries have

not been included in the Iron Cast-

ings Industry, but are classified to

other special groups such as manu-
facturers of agricultural implements,

stoves, etc.

SMELTING
AND REFINING

The GROSS \ alue of the output from

the Canadian Smelting and Refining

Industr\' in 1958 amounted to some
$1.18 billion, down 8 per cent from
production the previous >ear \alued

at $1.28 billion. This was due largely

to the lower production of base metais

from Canadian mines.

The industry includes onl\ finns

engaged primarly in the smelting of

non-ferrous ores or concentrates and

General view of the structural steel preparation aisle at Mount Dennis plant. Ma-
terial is cut, drilled and cleaned in one continuous operation and is then ready for

assembly and subsequent painling.
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in the lefiniiig of metais recovered

theietroni. Tlie smelting of iinported

ore.s is iufluded. Secondary smelters,

wliicli tieat scrap metais, are not in-

cliuletl. 'Vhc list ()[ metais covered

Shipments bv the Biass and Copper
Prodiiets Indiistiy diuing 1958 weie
\alued at some $163 million, about

12 jier cent less than the value of

shipments the previoiís year of $179.2

million, and 33 per cent lower than

the shipments in 1956 valued at

$244.1 million.

In 1956, according to the latest

full report available 108 fonndries and
46 fabricating plants reported under
this industry. Total employment stood

at 9,220; 5,368 persons in Ontário,

ALUMINUM
The year 1957-58 witnessed a

change for the aluminum indnstry,

with strong demand and rapid ex-

pansion of capacity being succeeded

by over-supply and keen competition.

Aluminum Co. of Canada's 620,000

ton annual capacity in the Saguenay
and Kitimat áreas, which operated at

full capacity in 1956, was cut back

to some 590,000 ton rate of output

in two stages during 1957-58. Pro-

duction rate was again cut back at the

end of 1958 for a third time, to 500,-

000 tons yearly.

includes copper, nickel, lead, zinc,

aluminum, magnesium, titanium,

molybdenum, tungsten, cobalt, anti-

mony, bismuth, cadmium, selenium,

tellurium and precious metais.

2,952 in Quebec; 560 in Alberta and
New Brunswick; 191 in British

Columbia and 149 in Manitoba.

Wages and salaries paid totalled

$34.73 million, fuel and power cost

$2.4 million, materiais used cost

$173.6 million, value added by manu-
facture totalled $69.5 million, and
gross selling value of products

amounted to $244.1 million. Ontário

plants accounted for 55 per cent of

the output and Quebec plants for 40
per cent.

PRODUCTS
Apart from some 90,000 tons of

ingot used in the Canadian aluminum
products industry, production of ingots

from both companies, Alcan and CBA,
is exported. Alcan's Canadian market

for products is improving, and con-

sideration is being given to enlarging

its rolling capacity at Kingston. CBA
is participating jointly with Phillips

Electrical Co. at Brockville in build-

ing a cable mill, while Alcoa nia\'

also enter the Canadian fabricating

industry. Best gains are expected in

sales of aluminum sheet.

The weather radar scope in Trans-
Canada Air Lines" Super Constellation

aircraft.

THE MACHINERY
INDUSTRY

Based on prelimixary reports for

the first 10 months of 1958, value of

shipments by the industrial machinen.'

industry fell about 25 per cent below

the \alue of shipments in 1957, and

was 42 per cent lower than the value

of $47 1.2 million shipped in 1956.

In 1956, latest \ear for which a

full report is published, there were

414 establishments emplox ing 37,520

persons, 23,000 of whoni were em-
plo\ ed in Ontário and 11,000 in Que-
bec, and who earned $142.1 million.

Fuel and power cost $4.33 million

and materiais used cost $213.15 mil-

lion. \'alued added hy manufacture

was $274.4 million and gross selling

\alue totalled $471.2 million. X alues

of production for some of the principal

items manufactured were as follows:

con\e\ing and materiais handling

equipment $50 million; construction

machinerx' and parts. 846 million;

compressors and pumps, $31 million;

engines and parts, $25 million; pulp

and paper industries niachiner\" and
parts, $25 million; transmission equip-

ment and bearings, $22.6 million; and
ali other products $271.6 million.

FARM IMPLEMENTS
This industry covers onl\ firais

wluch produce agricultura! imple-

ments as their inain product. Some
other firms in other groups produce

implements as a major part of their

production, but are exduded from

l.u ni implement statistics on omplo\

-

ment anti \ alue of products. Prolim-

Installation on B-47 Aircraft for Iroquois engine flight-test. Designed and built by
Canadair Limited.

BRASS AND COPPER PRODUCTS
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inary reports of shipments duiing

1958 indicate an increase of some 35
per cent over the pievious year, to a

value of some $150 millions.

Sales of farm implements and
equipment in 1957 to Caiiadian cus-

tomers, including imports but exclud-

ing exports amounted to $149.3 mil-

lion, a 12.6 per cent decrease from
the previous year. This value is at

wholesale prices, and an estimated

mark-up of 20 per cent shoiild give

a reasonable figure for dollars spent

by farmers, according to the industry.

In 1957, tractors, haying and harvest-

ing machinery were the major hnes
responsible for the over-all decline in

sales.

MOTOR YEHICLES
Canadian PRODUCTION of motor

\ehicles in 1958 at 355,465 units was
I2V2 per cent below the 411,492
vehicles produced in 1957. Passenger

car production at 297,025 was 12 per

cent lower and commercial vehicle

production at 58,370 was I8V2 per

cent lower than in the previous year.

Factory shipments of made-in-Can-
ada passenger cars at 298,344 units

and Canadian-made commercial veh-

icles at 61,281 units were 12 per cent

and 15 per cent respectively below
shipments in 1957. Slightly more than
half the commercial vehicle shipments
were those maximum gross vehicle

weight of 6,000 Ibs. and less. During
the last quarter, however, sales ex-

ceeded production by some 15,000
units.

Standing of Manufacturers

General Motors of Canada was the

leading producer in 1958 with 158,-

712 vehicles, followed by Ford of

Canada with 89,267, Chrysler of Can-

ada with 44,131 and Studebaker of

Canada at 4,514. Sales of British and

European cars in 1958 at 69,439 pas-

senger cars and 6,116 commercial

vehicles accounted for 18.7 per cent

of the total volume of Canadian sales.

This compared with 11.9 per cent in

1957 and 8.4 per cent in 1956.

RAILWAY
ROLLING STOCK

Sales of railroad equipment in

1958 to Canadian railways by the 30
firms which produce it were valued

NAME

Table 1 Canadian Ship Launchingt 1958

TYPE DIMENSIONS CAPACITY LAUNCHED OWNER USE

A. T. Cameron
Rockiiffe

Saguenay

Sunrhea

Forf Steele

Fort York

North Voyageur

Tyee Shell

Nipigon Bay

Avery L. Adams
Alexander Henry
Fronk S. Sherman
"Sir Humphrey Gilbert"

Tyee Shell

HMCS Lacroix

7,500 mile range 1 77' x 32'

Motor vessel 259' x 43'

MV Ferry 1 50' x 37'

Motor vessel 550' x 67'

Patrol cruiser

Canaller 462' x 56'

185' X 36'

Tanker 259' long

Tanker 620' long

Motor Vessel 578' x 72'

Icebreaker 210' long

Bulk carrier 681' long

Comb. Ice Breaker 21 1' x 48'

and Buo/ Vessel

Tanker 249' x 39'

Restigouche

Type destroyer

137,330 bus.

21 cwt.

200 persons

330,000 bu.

51,000 c.f.

1 3,000 bbis.

1 8,000 tons

22,000 tons

75,000 c.f.

Sorel—April

Lauzon—April

Lauzon—April

Lauzon—April

Kingston—June

Collingwood—June

lauzon—June

Collingwood—July

Port Arthur—July

Montreal—July

Port Arthjr—July

Pt. V/eller—December
Lauzon—November

Sorel

Federal Government

Gulf Porfs Stp. Co.

Saguenay Shipping

R.C.M.P.

Canadian Stp. Lines

Shell Oil Co.

Pipeline Tankers

Panamá Pac. Tankers

St. Law. Transport Co.

Dept. of Transport

Shell Oil Co

Canadian Navy

Fisheries Research

L'Anse au Portage-

Tadoussac
Groin & Bauxite

Patrolling

Package Frght. onG.L.

ali weather shipping in

Gulf

Tanker to serve G.L.

Converted to 2 bulk

cor.

Grain & Coal

Navigation Aids
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at some $342 niillion or 11% belovv

the valuo of sliipnients made in 1957,

the best >ear the indvisti\' ever had,

and 1 per ceiít below tlie value of

sliipinents in 1956.

In 1957, the niost lecent \ear fully

reported, 30 estabhshments employed
27.909 peisons, 12,649 of whom
worked in Qnebec, 5,959 in Ontário,

4,822 in Manitoba, 2,635 in the

Maritinie Provinces and 1,844 in

Alberta and Britisli Colnnibia. Total

earnings amounted to $104.16 niil-

lion; fuel and power cost $4.42 mil-

lion; cost of materiais used was
$241.83 million; valued added by
manufacture was $140.47 million and
gross selling value of products was
$386.72 million.

The nuniber of various types of

equipment produced were as follows:

passenger cars, 25; box cars, 5,169;

gôndolas, 1,050; flats, tank cars and
refrigerator cars, 497; ali other types

of freight cars, 3,734; ali valued at

a total of $99 million; standard gauge
diesel-electric locomotives, 521, valued

at $94.4 million; forgings, castings,

brakes and shoes, and repair work,

$155 million; ali other products in-

cluding value of uncompleted cars

after deducting during 1957, $42.1

million. Imports during the year were
valued at $29.8 million, while ex-

ports were valued at $12.8 million.

Most of the equipment was a carry-

over of orders placed in 1956.

SHIPBUILDING

The year 1958 was a disappointing

one for the shipbuilding industry. The
report of the Royai Commission on

Coasting Trade, made public in May.
recommended that marine industries

in Canada should be dispensed with

rather than helped. In addition, there

was a scarcity of orders placed for

commercial vessels. Production activ-

ity was centred on the fitting-out

and completion of the remaining

destroyer-escorts in the 14-ship RCN
program commenced eight years ago.

The last four are due for completion

in 1959; one each in February and
June and the final two in November.
Four service ships were built for the

Federal Government and some fifteen

commercial vessels, as shown in

Table I.

The levei of employment in the

shipyards is steadily falling and further

declines are expected. The 15,000 pro-

duction workers employed at the peak

of the naval program in 1951-52 had
dropped to some 10,000 by year-end.

However, orders were placed early in

1958 for six new vessels at a cost of

$10 million and for conversion of two
wartime tank-landing craft for carry-

ing cargo to DEW line sites in the

Arctic. In November, Defence Pro-

The year 1958 saw a falling oíf in

aircraft production from the value of

production of $424.44 million re-

ported for 1957, the record peacetime

high in value of production. Though
figures are not available for the year,

industry leaders have estimated a

drop of some 5 per cent below 1957.

The industry 's third largest manu-
facturing group in terms of employ-
ment and ninth in terms of sales, is

subject to many rapidly-changing

factors which make predictions for

the future difficult. Its prospects will

depend on implementatíon of a pro-

duction-sharing agreement for defence

equipment with the United States.

Achievements in 1958

As a year of achievement by the

Aircraft industry, 1958 had some out-

standing highlights; the first flight of

the Arrow on March 25;'° comple-

tion of Belgium's order for 50 Mark
CF-100: full production by Canadair

of the CL-28 Argus Maritime Recon-

naissance aircraft continued, with

about half the order completed; com-

mencement of production for the

CL-44 military transport, with ex-

pected follow-on with CL-44C Cana-

dair Liner; completion of Sobre pro-

duction at Canadair in October, with

Preliminary estimates indicate

the 1958 output of Canada's electi"ical

manufacturing industry will have a

value of some $1.13 million, Di per

cent below the production during the

previous year valued at $1,222 mil-

lion. The heavy capital goods sec-

tion or apparatus division of the in-

dustry had a sharply reduced \ olume

of new orders from the nation s Util-

ities and industries. Spending empha-

sis in the appliance field showed an

increasing trend towards soft goods

and services, and away from such

durables as electrical appliances.

In the electronics section, sales of

consumer products such as rádios and

TV sets held up well, during the

first half year, though decreased de-

mand in the second half resulted in

a drop of some 10 per cent below

that of the full year of 1957.

In the engineering products sector

of electronics, defence orders con-

tinued to fali off for the second >ear.

duction Minister Raymond 0'Hurley
announced allocation of six new
destroyer-escorts for the RCN, for

completion in 1962-63

a total of 1,815 produced; and a pro-

duction line started for the CL-66,
turbo-prop version of the former

piston-engined Convair 440 liner, with

its derivative the Canadair 540 which
will follow.

The end of July saw the first flight

of DeHavillands Caribou, while pro-

duction continued on Beavers and
Otters; and CS2F-1 Trackers were still

being assembled for the Royai Cana-
dian Navy. Canadian Pratt and Whit-
ney continued production of engines

and overhaul of Sikorski helicopters;

Rolls Royce of Canada extended faci-

lities for overhaul of "Dart" turbo-

props, while turboject-powered DC-
8's and \'ickers Vanguards will be
going into service with TCA. Bristol

Aero-Engines (Western) Ltd., opened
new facilities for overhaul and repair

of CPA's "Bristol Proteus" turbo-

props.

Though the missile field did not

enjoy an encouraging year, the Sidc-

icinder is being carried as armament
on RCAF Navy Banshee jets pur-

chased from the United States. Late

in the > ear it was announced an order

had been placed for Marten Lacrasse

short range ground-to-ground missiles

for the Canadian Anny.
* 'Production of The CFÍ05 "Arrow" was
discontinued in February 1959.

Commercial requirements of engi-

neering products during the first half

of 1958 almost equalled demands for

defence. But at the year-end the en-

gineering section found itself in a

State of "suspended aniniation". This

was largeK^ due to government de-

cision to abandon the Astra five con-

trol s\stem for the CF 105 ,\irow,

and to a dela\' in orders for commer-
cial requirements for Communications

system, until needs for circuits for

pureh- defence purposes are deter-

mined.

Deniand for .\pparatus

At the end of 1958, Canadians had
av ailable to them a total of 26.154,-

000 horsepower of electrical gener-

ating capacity, an increase of 2.736.-

000 horsepower or 8 per cent over

1957s year-end figures. This augiirs

well for the long-term futiue, for it

indicates the confidence of the util-

it>- industr>- in having available gen-

AIRCRAFT AND PARTS INDUSTRY

ELECTRICAL MANUFACTURING
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erating capacity to meet the antici-

pated demand for more and more
electrical power.

It is recognized that utilities and
heavy industries—the consumers for

apparatus—cannot expand on a bal-

anced incremental basis year by
year. It appears that the apparatus
segment of the electrical manufac-
turing industry can look for no rapid
upswing in demand for its products
over the next 12 months. The trend
points toward a five-year apparatus
segment unless distracted by inter-

national emergencies.

While high Canadian wage rates

militate against the industry in many
of its product lines, leaders in the
Industry believe that certain types of

Canadian-built electiical apparatus
could compete successfully in the ex-

port market. Export sales in these
products have been lost over past
years, however, due to lack of a Can-
adian equivalent of the extended
credit terms offered by government-
supported agencies in the United
States, Britain and West Germany.

Representations were made last

year by the industry to the Federal
government, asking for the establish-

ment of export-import banking facil-

ities to make available to Canadian
exporters credit terms and conditions

equivalent to those in the countries

against whom the industry is com-
peting.

The Appliance Market

Industry sales of major apphances
during 1958, shovved more pro-
nounced strength in the second half

of the year than in the first. While
refrigerator and television set sales

were down 5 and 10 per cent respec-

tively, the increases in industry sales

of ranges, wringer vvashers and auto-

matic laundry equipment (up 9, 8
and 15 per cent respectively) more
than offset these declines and pro-

duced a total increase for this group
of consumer goods of some 2 per

cent. This picture was in sharp con-

trast to the major appliance market
in the United States vvhere 1957 was

a poor year and 1958 a worse one.

Much of the strength in appliance

sales and consumer goods in general

can be traced directly to Govern-

ment monetary policy and its effect

upon the housing program.

Lighting

Electric lighting in ali of its many
uses in modern electrical living

showed continued progress during

the year, and promised significant

advances in the future. While the

year's progress in light source devel-

opments were reviewed at The Na-

tional Technical Conference of the

Illuminating Society in Toronto, the

most important report was the pres-

entation of the findings of researches

through the ten years on the quan-

tity of illumination needed for every

day seeing tasks in commerce, in-

dustry, and the home.

On the sound scientific basis of

these studies, technical committees of

the Illuminating Engineering Society

are preparing new recommended
footcandle values, substantially high-

er than those formerly used. In some
cases the new values are two to three

times the old. The putting into prac-

tice of these higher recommended
footcandle values will greatly in-

crease the amount of electricity used

for lighting.

There is better lighting in Can-
ada's new office buildings, factories

and shopping centres. Fluorescent

lighting continues to forge ahead. A
recent development which has con-

tributed to this is the introduction of

the Power Groove fluorescent lamp,

with a wattage rating as high as 200
watts.

Developments have been intro-

duced which contribute to greater

safety on our streets and highways.

The four-lamp headlight system used
on new cars has greatly improved
night driving visibility. On streets,

there has been a distinct trend to

fluorescent lighting; the result is bet-

ter lighted streets with far less glare.

Electronics

Canadas electronic equipment in-

dustry is continuing to show every
sign of growing into a full-fledged

giant. A large part of electronic

equipment business is devoted to de-

fence, but the commercial electronics

business has also gone through rapid

expansion.

In the commercial electronics field,

controls for automation of factories

and industrial processes will take a

major share of future electronics ex-

penditures. Companies within the in-

dustry have continued to carry out

investigations of the Canadian mar-
ket potential for computers and in-

dustrial television, with a view to

full-scale entry as soon as economic
circumstances are favourable. Some
of the brightest prospects for the in-

dustry lie in these áreas, along with

general Communications and indus-

trial control systems.

The recent changes which have
taken place in government control of

the broadcasting industry should

serve to increase demand for broad-

casting equipment which decreased

in 1958' as a result of the slowing

down of the issuing of licenses.

While industry volume of mobile

radio was reduced in 1958 due main-

ly to reduced investment in capital

equipment, the new Department of

Transport regulations permitting in-

creased use of two-day mobile radio

by business vehicles should continue

to have a stimulating effect over the

next few years.

Nucleai- Power

Developments in the field of elec-

tric power generation from nuclear

80Qia.
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sources contin\iecl to attract world-

wide attention in 1958. The year

saw a trend toward concentiation on
fewer reactor types. Britain con-

timied w ork on several large nuclear

power stations using graphite mod-
erator and natural uranium fuel. The
U.S. will concentrate on the three

reactor t>pes. Canada's efforts con-

tinue with the heavy-water moder-
ated t\pe of reactor vvhich she has
pioneered. These moves to concen-
trate effort and experience should
hasten the advent of economic nu-
clear power.

The heavy-water moderated reac-

tor still appears to be by far the most
snitable type for economic applica-

tion in large central stations in Can-
ada. The major advantage of this

type of reactor is its low fuelling

cost, combined with freedom from
the need for chemical reprocessing
of spent fuel to recover unused ura-
nium 235 and plutonium. The fact

that large supplies of natural ura-
nium are available in Canada and
other countries is also of great im-
portance. Enriched fuel on the other
hand is, in the main, obtainable only
from the U.S. with attendant pol-
iticai and price controls.

There are several important áreas
in Canada (e.g. southern Ontário) in

which nuclear power should become
competitive within the next 5 or 7
years. There are few undeveloped
waterpower sites available within
economic distance of the large load
centres.

The year saw formation by Atomic
Energy of Canada Ltd. of a new
division known as the Nuclear Power
Plant Division, to help advance de-
velopment of nuclear power to a

stage at which the Utilities and in-

dustry can continue development on
a normal commercial basis.

Progress on Canada's Nuclear
Power Demonstration Reactor (NPD)
has been excellent. Construction ac-

tivities were resumed last summer,
and with rock excavation completed,
the building substructure is now be-
ing poured. This 20,000 kw proto-

type plant will be commissioned
early in 1961. There is no doubt
that experience with NPD will prove
incalculable for Canada's power re-

actor program as well as contributing

generally to reactor technology.

CEMENT AND
CONCRETE PRODUCTS
Canadian manufacturers of Port-

land cement during 1958 produced

6,316,569 tons or IV2 per cent more
than the 6,248,718 tons produced in

1957. Shipments during 1958 at 6,-

157,817 tons were also IV2 per cent

higher than those in 1957.

Concrete Products

During 1958, concrete products

shipped (with comparative quantities

shipped in 1957 for each item fol-

Factory shipments of glass for

1958 are not recorded separately by
months. For this reason no records

for 1958 are available. Though it is

doubtful that glass shipments in

1958 greatly exceeded the $90.8

million value recorded for 1957, the

flat glass section of the industry ex-

perienced its best year to date,

The clay products industry is

divided into two sections for statis-

tical purposes. Production from do-

mestic clays, including building

brick, structural drain and roofing

tile, stoneware, sewerpipe, pottery

and refactories, in 1957 came from

119 plants which employed an aver-

age of 5,700 persons, whose earn-

ings amounted to some $13.8 mil-

lion. Process supplies cost some
$1.03 million and gross selling value

amounted to $34.9 million. Ontário

plants accounted for 27 per cent of

the total employment. Ali provinces

Production of lumber in Canada
during 1958 at some 7.017 billion

board feet showed an . increase of

about 1.4 per cent compared with the

6.76 billion feet produced in 1957.

Production in British Columbia show-

ed an increase of some 550 million

feet, while in the rest of Canada pro-

duction dropped b\' some 300 million

feet.

During the first ten months ex-

ports, which represents about half of

production, were about 6 per cent

higher than for the sanie period in

1957. About 80 per cent of these ex-

ports were to the United States, com-

pared with the 40 per cent that went

to the U.S. ten years ago. Only 12

per cent of exports went to the United

Kingdom and 6 per cent to other

Commonwealth countries. howexer.

compared witli 40 per cent and 12

lowing in brackets) were as follows:

concrete brick, 136.6 million (94.1

million); cinder concrete blocks 13.4

million (9.75 million); haydite and
slag concrete blocks, 19.8 million (17

million); concrete chimne>" blocks,

724,900 (834,669); cement drain pipe,

sewer pipe, water pipe and culvert

tile, 669,676 tons, (453,225 tons);

readv mix concrete, 6,520,134 cubic

yards, (4,966,161 c.y.).

mainly due to record housing con-

struction.

In 1957 factor\- shipments at

$90.82 million were 4.3 per cent

higher than in the previous year.

Imports were valued S47.9 million

compared with S50.4 million in

1956. Exports totalled 81.15 million

compared with $1.5 million in 1956.

except Prince Edw ard Island produce

clay products.

Production from imported cla\"S

includes electrical porcelains, sani-

tary wnre, sewer pipe, tableware,

artware, floor and wall tile, and fire

clay blocks and shapes. Production

in 1956, last >ear for which full data

are available. came from 37 establish-

ments emplo\ing 2.131 persons; 1,-

200 in Ontário, 744 in Quebec. 162

in Alberta and British Columbia. Xet

value of production was $14.2 mil-

lion and gross selling value of prod-

ucts amounted to $20.95 million.

per cent respectiv el>' ten years ago.

This would indicate that the industry

is not doing enough to encourage e.\-

ports to other countries.

In the domestic market the use of

lumber was greatly influenced by iu-

creased go\ ernnient spending and by
the sharp increase in housing con-

struction.

The mills range in size from the

giant mills on the Pacific Coast, cutt-

ing up to half a million board feet

per shift, to the small mills which

only turn out a carload of linnber in

ten da\s. The larger mills are con-

centrated around \'ancouver, New
Westminster, and the lower mainland

of British Columbia as well as on Van-

couver Island, along the Ottawa
\'alle\\ Ceorgian Bay, Rainy River.

and tlie Coast of Xew Brunswick.

GLASS AND PRODUCTS

CLAY AND PRODUCTS

THE LUMBER INDUSTRY
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MINERAL RESOURCES:
THE YEAR 1958 was another en-

couraging one for Canadas
mining industry as a whole, in spite

of the troubles facing many of its

segments. The total value of produc-

tion for all minerais, including pet-

roleum, at $2.12 million was 3 per

cent below that of the previous year's

value of $2.19 billion. Improvements
during the last half-year made the

Outlook brighter than had seemed pos-

sible at mid-year for many of the lead-

ing minerais.

Iron Ore

Canada's production of iron ore

amounted to some 16 million tons,

compared with slightly over 20 mil-

lion tons in 1957 and 22 million for

1956. Since productive capacity far

exceeds the 6 million tons of Canada's
ore consumption, the bulk of output
must be exported, and in 1956 more
than 80 per cent of exports went to

the United States. Last year U.S. im-
ports of Canadian ore dropped to

around 8 million tons, reflecting the

sharp drop in U.S. steel production
resulting from the recession.

Newcomers in 1958 were Hilton

mines in the Ottawa Valley and Cana-
dian Charlson near Steep Rock, both
of which will ship concentrates. Hil-

ton has a capacity of 600,000 tons of

pellets yearly while Charlson's capa-

city is 25,000 tons yearly from Hae-
matite bearing graveis.

Elsewhere, Iron Ore of Canada will

show a production of some 8 million

tons for 1958; Steeprock, though out-

put was sharply reduced, is gearing

ing for a steady annual production of

5/2 million tons. Algoma Ore Proper-

ties set a new record in 1958 and ex-

pects to turn out 2 million tons of

highgrade sinter in 1959 from its en-

larged plant; Caland Ore near Steep-

rock will not be in production before

1960. Cyrus Eaton's Ungava Iron Ores
reached a decision at year-end to

spend some $200 million to develop

its property for production of 5 mil-

lion tons of pellets yearly, mainly for

European markets.

The decision of United States Steel

to develop its Quebec Cartier project

in Ungava marked another important

milestone in Canada's ore picture.

Work is underway for building a 193
mile railroad, a power plant and a

concentrator to produce 8 million tons

of high grade pellets annually, at a

cost of $300 million. Lowphos Ore
Ltd., near Capreol, whose 600,000 ton

concentrator is ready to produce, de-

ferred commencement of production

early last year because of the slack

ore demand.

Uranium

Canada moved up to second place,

ahead of South Africa, in world

uranium production during 1958,

more than doubling the 1957 output

of 12.9 miUion pounds to reach a

record total of 28 million pounds of

uranium oxide in 1958. This increase

in productivity will continue through

1959 and reach its peak in 1960,

which will be the first full year of

continued capacity operations for all

plants now operating or planned.

Canada's strong position in uranium
potential is due to reserves presently

estimated at some 375 million tons of

ore, 95 per cent of which is in On-
tário and the balance divided between
Saskatchewan and the Northwest Ter-

ritories. All of the planned 19 milling

plants, with combined capacity of

43,000 tons daily, were operating

prior to mid-1958, but some have yet

to reach capacity production.

New Production

In the Beaverlodge field alterations

to the Lorado custom plant delayed

attainment of full capacity and ef-

ficiency until early 1959. In the Ban-
croft area of Ontário, Canadian Dyno
Mines went into operation in May,
and expect production at rated capa-

citv of 1,000 tons dailv b\- the end
of 1958.

In the Elliott Lake area Milliken

Lake Uranium Mines built its milling

rate up to capacity of 1,000 tons daily

by year end. Stanleigh Uranium Min-
ing Corporation commenced produc-
tion early in 1958 and attained a rate

of more than 2,000 tons daily in the

fali, with expectation of 2,600 tons a

day by micl-1959. Stanrock Lhanium
which went into production early last

year was up to a rate of 3,000 tons

daily by year-end. Northspan has all

its milling plants in operation and has

been producing precipitates at con-

tract rates for the last half of 1958,

still obtaining some of its ore from
Algom. Canmet attained capacity

operation in October.

Nickel

Canada's production of nickel in

The friction hoíst room at Steep Rock Iron Mines Limited, Ontário.
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1958 totalled 278 million pounds,

down 26'f froin the 376 million

pounds pioduced in 1957 which was
neaiK' three quartéis of the Free
N\'orld trade. The oversupply situa-

tion obsened in 1957, was aggiavated

last \ear b\- a recession in industry,

a sliarp decline in defence require-

nients, particularly in jet engines, and
a drastic curtailment of steel produc-

tion.

Canada still accounts for about two-

thirds of the Free World s output and
expansion plans underway will en-

sure that this ratio will not be ma-
terially changed. Capacity in Canada
in 1959 will total 392.5 million

pounds, out of a Free World total of

549 million pounds. Of this, Inco's

Sudbury plant s capacity is 310 mil-

lions, Falconbridge 55 million and
Sherritt Gordon 27/2 million pounds.

During 1958 Canadian production

totalled 376.26 million pounds, due
to Inco going on a 4-day week last

summer and later to a strike at its

Sudbury plants starting September 24
which lasted almost three months.

With defence applications for nickel

decreasing, producers are co-operating

with industry to encourage greater

consumption, and to use nickel in as

many new products as possible. The
most promising prospects are in the

fields of stainless steel, supersonic air-

craft, turbines, machine tools, atomic

energy and space vehicles.

Copper

Canada in 1957 was the Free
World's fourth largest producer of

copper after the United States, Chile

and Rhodesia. Record production of

353,293 tons was recorded in 1956.

In 1957, production dropped slightly

to 346,000 tons.

The free-world copper market held

considerable encouragement at year-

end. World production was down con-

siderably last year, Northern Rhodesia
mines with a combined output of

1,000 tons daily were strikebound for

seven weeks. These, coupled with the

Inco strike, took near 100,000 tons off

the market. Copper prices have re-

covered from a low of 24 cents per

pound in June to 29 cents at year end.

Stocks of the metal have been re-

duced by a healthy margin. Consump-
tion increased rapidly during the last

four months of 1958 in the United
States.

Ceco Mines and Gaspé Copper
mines were primarily responsible for

the higher Canadian output last year.

Ceco attained production late in 1957,

and average over 3,500 tons of ore

daily. Gaspé Copper, which lost pro-

duction of some 10,000 tons during

1957 due to a strike, produced stead-

ily in 1958.

One new producer, Merrill Island

Mining Corporation, started up its

mill early in 1958 in the Chibougamau
area. Copper-Rand Chibougamau
Mines will go ahead with mill con-

struction and will probably take ore

also from Bouzan and Chibougamau-
Jaculet. Hudson Bay Mining and
Smelting closed early in 1958, but it

is expected to re-open early in 1959.

Other closures included Quebec Cop-
per and Rainville Mines, whose
grades were too low at 1958 price

leveis, and Goldstream for the same
reason. Heath-Steele Mines in New
Brunswick, Nickle Rim Mines and
Min-Ore Mines also closed down.

In the Mattagami area of Quebec
exploration has uncovered several

new prospects, including the Watson
Lake property of Mattagami Syndi-

cate, sponsored by Noranda, McInt\Te
and Canadian Exploration. Craigmont
mines and Bethleham Copper Corp.
in British Columbia are investigating

large low-grade deposits.

Lead

The Outlook for lead is obscured
by worldwide oversupply, lower de-

mand and by U.S. import quotas
based on 80% of average exports to

the U.S. for years 1953 57 inclusive.

On the other hand delayed cutbacks
now being imposed are beginning to

take effect. World mine and smelter

production, which increased some 5

per cent in 1957, will show a reduc-

tion of 10/12 per cent for 1958. An
attempt has been underway at a meet-
ing in Geneva, attended by represen-

tatives of lead and zinc producing
and consuming countries, to stabilize

markets for these metais . . . Nine-

teen major producers from as many
countries are financing research to

expand present uses and develop new
applications.

Canadian production for the first

half of 1958 was only slightly off from

1957, but showed a substantial drop

during the second half. Output for

the full year amounted to 185.000

tons valued at S42.1 million or some
20 per cent below 1957.

Canadian exports of lead in ore

and concentrates during the first half

of 1958 were at about the same rate

as in 1957. though refined exports

were off some 7 per cent. Howe\ er.

the U.S. quota imposed on October

first allows 12.000 tons more to enter

the United States than was exported

to that country in 1957. The largest

reduction in Canada's imports of tet-

rethyl lead, due to the opening in

1957 of Ethyl Corporation of Can-

ada 's plant in Sarnia, helped to in-

crease the balance of exports since

that time.

At Consolidated Smelters' Pine

Point Mines on the south shore of

Great Slave Lake. large deposits of

lead-bearing ores have been outlined.

as well as in the Pelly and Highland

river áreas of the Yukon. In the

Snow Lake area of Manitoba, Hudson
Bay Mining is de\ eloping the Chisel

Lake mine. where drilling has out-

lined nearh- 4 million tons of ore.

Heath-Steele Mines and Bnmswick
Mining in Xew Brunswick, and Sun-

shine Lardeau and Silver Standard in

B.C., were closed down during 1958.

New Inco Refining Process. Casting nickel sulphide anodes, one of the steps in
International Nickers new nickel refining process that marks a step forward in the
Company's prograni to obtain maximum recovery from the ore it mines. The pro-
cess is in commercial operation in a section of Inco's nickel refinery at Port
Colbome, Ont.
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Zinc

Free World productions of Zinc

in 1958 at 414 million tons was
down only some 7% below the total

for 1957, yet production still ex-

ceeded consumption by more than

20%. There were some cutbacks in

Austrália and the United States,

which reduced their outputs 13% and
23% respectively below the 1957 fig-

ures. Canada and México, the other

two major producers both produced
more than in 1957 during the first

eight months, and for the full year

their production was about the same
as in 1957 or slightly higher. Be-

tween them, the four major produc-
ing nations mentioned above account
for just short of one half of the free

world's zinc production.

An intensive research program has

been set up under auspices of the

American Zinc Institute and process

has already resulted in finding new
applications for the metal, especially

in the zinc alloy field. A new pro-

cess has been perfected for smelting

zinc in a blast furnace by Imperial

Smelting Corporation.

Gold

Free World production of gold in

1958 was close to the output of the

previous year, when production was
valued at $1.02 bilhon. South Africa

maintained its leadership with an
output of 17 million ounces, while
Canada's output at 4.53 million

ounces was slightly higher than in

the previous year. Increase in Cana-
dian gold production in 1958 was
due principally to the high grade
mines in the Red Lake area. During
the year production at Norlartic

mines was revived, while Bralome,
Campbell Red Lake, Cochenour-Wil-
liams and Barnat improved their

Outlook by developing new and
higher-grade ore bodies. There was
little prospecting done, and for the

longer term the outlook for gold min-

ing in Canada is clouded by the lack

of new mines being developed.

Cobalt

World supplies of cobalt continue

to accumulate and demand appears

to be falling off. Little improvement
can be expected until new uses are

discovered, until the demand for

high-temperature alloys increases,

until U.S. stock become diminished,

and business conditions improve. The
U.S. is still stockpiling and lower-

priced metais are replacing cobalt in

certain standard uses, such as for

permanent magnet alloys.

International Nickel, Falconbridge

and Sherritt-Gordon are the big pro-

ducers in Canada, with production in

1957 of 2.4 million Ibs., 777,000 Ibs.,

and 172,000 Ibs. respectively. Total

1958 production was 2.52 million

pounds. The Inco strike and decreas-

ing U.S. demand considerably re-

duced the Canadian exports below
the 1957 record.

Platinum

Though the demand for platinum

up to two years ago greatly exceed-

ed the supply, the position was re-

versed in 1957. The United States

offers the main market, the oil in-

dustry being the largest consumer of

platinoids, used as a catalyst for mak-
ing high-octane gasoline. With the

reduced oil production on the Amer-
ican continent the past two years the

industry has cut back its purchases

of platinum.

Most of Canadas production at

144,565 ounces comes from nickel

producers, and with the long strike

last fali at Inco production fell con-

siderably below that of 1957. Cana-

dian exports have fallen still further

during the past two years.

Silver

World silver markets continued

relatively stable in 1958, and prices

are unlikely to drop below the cur-

rent rate of 91 cents an ounce to

consumers. Though business is re-

covering from the recession of the

past two years, the effects included

a drop in silver consumption for the

arts and industry, though a 16 mil-

lion ounce increase in 1957 for coin-

age largely compensated for the drop

in arts and industry usage.

Canada's 1958 production was 31

million ounces compared with the 30
million ounces produced in 1957.

Consolidated Smelters, leading pro-

ducer, with a 10.9 million ounce out-

put in 1957, produced somewhat less

in 1958. Torbrit Silver Mines in Nor-

thern B.C. had a slightly lower out-

put. Hudson Bay Mining remained

at about the figure of 1.5 million

ounces the previous year. The com-

bined output of Ceco and Wilroy,

new producers in 1958, just about

compensated for the decreased pro-

duction from "Smelters" and Inco.

Magnesium
Throughout 1958 there was an

oversupply of magnesium, although

the business upturn during the last

quarter brought in new demand, bet-

tering the outlook for 1959. World
production may be below the record

output. The U.S. produced 8i,263

tons in 1957, with Rússia in second

place at 60,000 tons, while Canada
produced 8,097 tons foUowed by
Norway, Italy and France in that

order. Canada's 1958 output amount-

ed to 5,800 tons.

Canada uses only 12 per cent of

her production, exporting the bal-

ance. A stiff tariff shuts off ex-

port to the United States. European
demand has been steady and has im-

proved in recent months, but the Jap-

anese market has disappeared due to

the collapse of the U.S. titanium

market in connection with which
magnesium was used.

Magnesium metal is finding new
uses in many domestic and indus-

trial products and in defence, not-

ably for missiles and jet engines. The
supply is unlimited, since in addition

to many large deposits it can be ex-

tracted from salt water of the oceans.

Canadian exports in 1957 were
valued at $4.5 million. Last year the

amount was substantially lower.

Lithium

With the supply of lithium still

ahead of demand by a wide margin
and with U.S. chemical processing

capacity at double current produc-
tion, lithium faces a difficult period

over the next few years in establish-

ing itself as a civilian commodity.
Though most of the production is

dependent on government purchase

for defence purposes, such as rocket-

ry and satellites, producers are con-

centrating efforts to build theii^ fu-

ture on civilian demand. In 1957. 30
million pounds out of the 42.2 mil-

lion pounds produced went to the

Atomic Energy Commission and
other go\'ernment agencies.
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Canada s pi oducer is Quebec
Lithium, which pioduces some 165
tons of lithia contentrate daily. The
entire output is expoited to the

United States and in 1958 it totalled

3.94 million pounds valued at almost

$2 million. Biazil, Southern Rhodesia

and the Belgian Congo are also pro-

ducing nations.

Barite

More than three-quarters of barite

production is used to make "drilling

mud", a weighting agent in drilling

oil wells. The drop in exploratory

w ell drilling in the United States and
particularly in Canada, and the 20
per cent cutbacks in consumption last

year created a problem for barite

producers. Prices, hovvever, have re-

mained relatively steady. The United
States is Canada's best customer and
in 1957 took 77% of Canadian barite

production.

Canadian barite production last

year dropped to 180,000 tons, com-
pared with 228,000 tons the previous
year. Production for 1959 increased
to 201,000 tons. There are three pro-

ducers—Magnet Cove Barium Corp.
in Nova Scotia, Mountain Minerais,

and Giant Mascot Mines in British

Colômbia. Magnet Cove is the lar-

gest and produces some 90% of Can-
ada's output.

Fluorspar

In spite of a drop in consumption
and production in the U.S. the

world's largest user of fluorspar, the

vvorld Outlook improved in the latter

half of 1958, except in Canada. No
exports were made by Canada last

year. U.S. stockpiles, which took ali

available Canadian exports in 1956
and 1957, were filled more than a

year ago.

Canadian production in 1958 was
valued at $1.55 million, considerably

below that of 1957. México, due to

her low cost production, can sell

competitively in Canada. About 10,-

000 tons were imported from that

country in 1958, about 75 per cent

of Canada's total fluorspar imports.

There are three Canadian producers,

Newfoundland Fluorspar Ltd., St.

Lawrence Corporation of Newfound-
land, Huntingdon Fluorspar Mines in

Ontário.

Tungsten

Demand for tungsten has fallen

sharply reflecting near termination of

U.S. government supph' contracts

and a slower tempo of business. The
use of tungsten has shifted graduall\-

from high speed steel to tungsten

carbides. Expansion for the latter is

continuing. The opening of new
fields, such as jet and rocket trans-

portation, electronics and nuclear en-

ergy, however, give promise of a

growing market for tungsten allo\"s.

Canadian production in 1958 was

691,000 Ibs. of concentrate, com-

pared with nearl\- 2 million Ibs. in

1957. Canadian Exploration Ltd..

Canadas sole producer, completed

its contract with the general Ser\"ices

Adminístration of the U.S. last June

Table 1 —Preliminary Eslimate—Valoe of Mineral Production by Provinees ($ Millions) in 1958.

N.W.T. CANADA
CATEGORY Nfid. N.S. N.B. Que. Onf. Man. Sosk. Alta. B.C. YUKON TOTAL

Metals 62.98 0.93 176.41 636.33 26.55 93.97 9.61 108.93 36.00 1,142.14

Non-Metalics 1.71 9.42 0.94 101.81 20.94 1.97 4.39 2.30 14.03 158.13
Fuels 49.48 6.76 7.93 14.47 106.36 312.47 9.71 0.54 507.73
Strucfural Materials 4.05 5.10 8.41 92.58 133.96 13.15 8.99 23.41 24.47 314.15

Total 1958 68.75 64.00 17.05 370.80 799.17 56.15 213.72 338.79 157.14 36.54 2,122.15

Total 1957 82.68 68.06 23.12 406.06 748.82 63.46 173.46 410.21 178.93 35.51 2,190.32

Principal Minerais Iron ore Coal Coal Asbestos Uranium Petroleum Petroleum Petroleum Zinc Gold
produced in order Copper Gypsum Cement Copper Nickel Nickel Uranium Nat. Gas Leod Uranium

of importonce Zinc Sclt Stone Iron ore Gold Copper Zinc Coal Silver Silver

Leod Sand- Sand- Gold Copper Cement Cement Cement Sand- leod

Sond- Gravel Grovel Cement Sand- Sand- Potosh Sand- Gravel Zinc

Gravel Barite Peat Moss Sand- Gravel Gravel Salt Grovel Gold

Silver Stone Zinc Gravel Cement Gypsum Sulphur Asbestos

Fluorspar Zinc Iron ore Salt Cement

Cement Titonium Salt Coal

Iron ore

Nat. Gas
Copper
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and its tungsten mining and milling

operations at Salmo, B.C. were sus-

pended. Exports were well below
1957. Imports of tungsten ores, on
the other hand, were almost double

those of 1957. Atlas Steels Ltd. of

Welland, largest Canadian Consumar,

uses some 80% of the total ferro-

tungsten and scheelite used in Can-

ada.

INDUSTRIAL MINERALS AND FUELS
Potash

Culminating 10 years of research

and development, first production of

potash took place in Canada 15 miles

west of Saskatoon, producing 168,-

000 tons in 1958. Potash Company of

America reached the potash horizon

at 3,335 ft. in July. The concentra-

ting plant will handle 4,000 tons

daily to produce 600,000 tons of mu-
riate of potash per year. Another
company, International Minerais and
Chemicals Corp. (Canada) Ltd., has

nearly half completed its shaft at a

cost to date of $7 million, and will

start production this spring at 400,-

000 annually.

Sulphur

Within two years Canada will be-

come the world's second largest pro-

ducer of sulphur and its products.

Two new plants, Jefferson Lake Pet-

rochemicals of Canada Ltd. in the

Fort St. John area and B.A. Oil Co.

at its recycling plant at Pincher
Creek, Alberta, were in production
during most of 1958. Two more
plants for recovery of sulphur from
sour natural gas will be in operation

this year. Total output for 1958
amounted to 99,645 tons.

Lime

Demand for hme was at an ali

time high in 1958 as a result of re-

quirements by the construction in-

dustry and uranium production. With
three new plants completed or under
construction, production at 1.6 mil-

lion tons exceeded that of 1957 by
20 per cent.

Coal

Coal production at 11.4 million

tons in 1958 was 12 per cent below

that of 1957. This was largely due

to reduced industrial production, the

railway dieselocation; inroads of nat-

ural gas and to the shut-down at

Sydney by Dominion Steel and Coal

Co. last summer to reduce its stock-

pile. New Brunswick stockpiles had

risen threefold to 100,000 tons.

Asbestos

The Asbestos Mining industry in

Canada is steadily moving forward

to greater productive capacity, in

the firm belief that there will be

steady growth in world asbestos con-

sumption over the next quarter cen-

tury. In 1957 Canada produced just

over half the world total of 2 million

tons. Europe was the second largest

producer by continents, at 575,000

tons including a probable 500,000

tons by Rússia, followed by Africa,

Asia, Austrália and New Zealand,

and South America in that order.

Productive capacity was up by
some 15 per cent in Canada last year

due to three new producers, Lake
Asbestos of Quebec, National Asbes-

tos Mines and Carey Canadian

Mines, ali in the Eastern Townships,

and another 15 per cent increase in

capacity is expected by 1960.

The recession last year caused a

market decline in both Canadian pro-

duction and exports. Output for the

year totalled 942,000 tons compared
with 1,061,419 tons in 1957. Exports,

which account for some 90 per cent

of production, declined more than

30% below the 1957 levei.

While search for new deposits con-

tinues unabated, particularly in Brit-

ish Columbia and the Yukon, only

potential new producer at present

is Advocate Mines in Newfoundland.

The Company has an agreement that

may result in a 3,000 ton per day

production by 1962.

Gypsum

Gypsum produced in Canada in

1957 totalled 4 million tons vs. 4.86

million tons in 1956. A year long

strike at Canadian Gypsum Co. was

settled in October.

Salt

Production of salt in 1958 amount-

ed to 1.86 million tons, slightly

higher than that of 1957.

PETROLEUM

Canada's crude oil production in

1958 dropped below that of the

previous year for the first time, re-

cording a total of 165 million barreis,

a 10 per cent drop below the 182

million barreis produced in 1959.

Gross value at $403.4 million was 9

per cent less than in 1957. Alberta,

the province with the largest output

of some 113 million barreis compared

with 137.4 million barreis the previ-

ous year, showed the sharpest loss of

20 per cent. Saskatchewan, with an

output of 45 million barreis, showed

a gain of 21 per cent over the 1957

production of 36.86 million barreis.

Manitoba production at 6 piillion

barreis showed little change from the

previous year, while production from

British Columbia and the N.W. Ter-

ritories at 1.5 million barreis also

showed little change.

Domestic Market Steady —
Export Down

Though the domestic market re-

mained strong on ali fronts, the over-

all decline was due to the drop in

exports, mostly those to the west

coast. Transmountain throughput for

the year showed a total of onl\- 12.6

million barreis against 40.4 million in

1957. Exports from Saskatchewan

and Manitoba together added up to

18.6 million barreis against 14.2 mil-

lion in 1957—a gain of 4.4 per cent.

The net loss of export markets \\ as

thus 23.4 million barreis, which left

a modest increase of 3.9 million bar-

reis in Canada's domestic consump-

tion of Canadian crude. This was

primarily due to diversion of crude

runs to Ontário refineries, wherever

possible, from the Montreal refineries

which operate on imported crude,

mostly from Venezuela. It was also

due to a changeover to domestic

crude by the Sun Oil refinery at

Sarnia, which heretofore had been

using imported mid-continent oil.
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PRODUCTION OF CRUDE PETROLEUM

CANADA 1946 - 1958

Drilling

Tliough total coiiipletioiís for the

year were down to some 2,400 wells,

16 por ccnt holow the previous year's

total of 2,963, the\- were higher than

iii aiiy > ear prior to 1955. The most

noticeable difference to previous

\i\us was the reversal of trends in

Alberta and Saskatchewan. Alberta

completions, at 1,550, showed a 10

per cent gain over 1957 while

Saskatchewan completions at 800
were 35 per cent below the previous

> ear. Manitoba showed only 85 com-

pletions against 224 in 1957, while

B.C. and North West Territories at

75 completions showed a drop of 18

per cent. Footage drilled of some
12.5 million feet was only about 9

per cent below the 13.8 million feet

put down in 1957.

Exploration

Exploration activities were also cur-

tailed. The year 1958 ended up with

some 1,100 crew-months for both oil

and gas exploration, 20 per cent be-

low the 1,389 crew-month total of

the previous year and the smallest

aggregate of work since 1949. The
trend marks the inevitable decline in

the number of new prospective áreas

to be explored as the western sedimen-

tary basin becomes more nearly sat-

urated with geophysical records. The
outstanding problem is now muskeg
as wildcat activities move northward.

Muskeg research is a dominant ele-

ment in future exploration methods
and policy. Vehical development de-

pends heavily on the research pro-
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gram for leads as to types of equip-

ment suitable for use in muskeg.

Crude Díscoveries

Though 1958 was not an outstand-

ing year for finding new oil pools of

importance; quite a number of new
finds were recorded which assisted in

bringing reserves up to an estimated

4 billion barreis. Best discovery dur-

ing the year was in the Slave Point

area in Northern Alberta where six

oil accumulations have already been
found in an area of 12,000 square

miles. The Swan Hills-Whitecourt-

Red Earth-Kaybob, Viiginia Hills-

fields are ali in this area. An active

search program was being concen-

1955 1960

trated there during the winter of

1958-59.

Less Development Drilling

The steady trend towards ^^•ider

spacing of wells, with minimum spac-

ing of 80 acres in fields with good
porosity and permeability has sharply

cut the amount of drilling required to

develop a given area. Likewise in-

creased rig and crew efficiencies have

reduced drilling time and hence the

number of rigs needed.

Refining

Additions to crude refining capac-

ity in 1958 totalled 61,000 b d. di-

vided between British Columbia,

Ontário and Quebec. Cracking capa-

cita" additions totalled 27,800 b d.

di\ided between British Columbia.

Quebec and Ontário, in that order.

Capacit\' now includes 834,550 b d

for crude refining in ali Canada and

363,715 b d cracking capacit>' as

showii in Table 1.

Though domestic crude runs to

Canadian refineries were sustained

due to substitution of domestic crude

from Ontário refineries for imported

crude from Montreal refineries total

refining operations were down some
10 per cent compared with 1957.

This was due to the general business

and industrial recession which showed
onl\' modest impro\"ement as the year

carne to a close. Total runs of crude

in Canadian refineries amounted to

some 230 million barreis, compared

with 239 million in 1957.

Refineries under contract for com-

pletion in 1959 and 1960 total 440.-

000 b d capacitx- for crude, asphalt

and aviation gasoline, and 50 million

c.f.d. capacit>' for gas processing. Ad-

Interior view showing huge 2000 h.p. gas compressors at the Steelman gas plant
located 2 miles north west of Steelman, Sask.
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ditions are divided by province as

foliows:

Alberta 33,800 b/d; Saskatchewan

3,000 b/d; Manitoba 6,700 b/d; On-
tário 35,000 b/d; Quebec 24,000 b/d;

Maritimes 38,000 b/d; and Alberta

some 50 million c.f.d. gas processing

capacity.

Moderate Improvement seen for 1959

Alberta producers started the new
year with nominations at 383,715

b/d, vs. 365,860 b/d in December,
featuring a reduction for Transmoun-
tain and an increase for Interprovin-

cial. Observers predict the upward
production trend in crude production

will be resumed in 1959, gaining pos-

sibly 5 per cent over the 1958 daily

average for an increase of some 25,-

000 b/d, or a total of some 171/173
million barreis for the year, regaining

at least half of the lost volume last

year. This assumes no increase in west

coast shipments for export, but also

assumes U.S. import quotas will have
no adverse affects on the current vol-

ume going to northern states.

Refining operations, they forcast,

will improve moderately to some 250
million barreis. Exploration will set-

tle down at around 1,000 crew-months
unless there is a material change in

the market Outlook. Drilling activity

will decline only about 10 per cent

below the 1958 levei. With any in-

crease in the oil market or further gas

export the completion total could re-

cover to 2,500 wells and footage to

13 million feet.

NATURAL GAS
Canada's natural gas industry in

1958 experienced the most exciting

year in its short history. Vast develop-

ments in ali its phases were seen,

from exploration and development
drilling and completion of gas-pro-

cessing plants by producers in British

Columbia, Alberta and Saskatchewan,

to the arrival in late October of

Alberta gas in the central provinces,

replacing ali imports, and extension of

gas mains in many eastern municipal-

ities.

Though not looked upon as an im-

provement for new discoveries, several

important new finds were made. The
most promising was the huge Berland

River field in the foothills of Alberta,

160 miles northwest of Edmonton,
with a 600 foot Devonian D3 pay-

zone. The initial open-flow potential

of the discovery well was 400 million

cubic feet daily, the highest rate ever

recorded in Western Canada. Another
promising find of gas was at Panther

River, 200 miles to the southeast of

Berland at a depth of 9,000 feet.

Production up 40 Per Cent

Production of natural gas enjoyed

a tremendous increase in 1958, to an
estimated 400 billion cubic feet com-
pared with the 1957 total of 286
billion. Principal factor in the big in-

crease was full-year operation of

Westcoast Transmission's main line

to the British Columbia interior and
Vancouver and the export market to

Pacific States.

Adding the volumes of gas already

contracted for between Trans Canada
and its eleven major utility customers

between Regina and Montreal, total-

ling some 263 million cubic feet per

day, to Westcoast's current contracts

of some 400 million, makes doubling

1958's total production within four

or five years appear a distinct possi-

bility, even assuming completion of

no further export pipelines within

that period. This means looping pro-

grams or complete new lines must be
nearing completion by that time to

double capacity for the next period

of expansion.

Big Year for Pipeline Constructíon

The year 1958 was the third largest

in Canadian pipelining history for

natural gas. The bulk of it occurred in

Eastern Canada, where a total of

some 1,100 miles of mainline were
laid most of it between Lakehead and
Toronto. This was made up of some
1,000 miles of laterais and gathering

lines and an estimated minimum of

1,200 miles of local distribution sys-

tems or a total of 3,340 miles. A de-

tailed breakdown of pipeline locations

and mileages is shown in the sec-

tions dealing with Construction. The
oil men should be able to hold their

industrial customers and sign up new
ones, but it is the domestic consump-
tion where the real fight will occur.

Three More Pipeline Systems Projected

Two new pipeline projects are still

awaiting approval to draw on the

rapidly growing 'wet gas' reserves

of southwestern Alberta for supplying

the rich markets of Califoniia and

the Pacific Northwest. One of these,

sponsored by Westcoast Transmission,

would provide a second Canadian
link from southwest Alberta to feed

through the Crows Nest Pass into the

Pacific Northwest-El Paso system, al-

ready supplied by Westcoast from
northern British Columbia fields.

Another alternative project, the Al-

berta and Southern, proposes a $300
million pipeline linking up a huge

Major gas discovery of 1958 was made
at Berland River, Alberta, 160 miles

northwest of Edmonton, where the joint-

ly-held British American Oil well, prob-

ably the world's largest gas well, was
brought in.

gathering system from Peace River

to the U.S. Boundary, to be built by

the Alberta Trunk Line to serve Pa-

cific Gas and Electric territory in

central Califórnia. The two lar?e dis-

tributors of gas in Alberta, North-

western Utilities and Canadian West-

ern Natural Gas, are partners in the

venture. Its approval could introduce

more competition for the vast foothill

gas reserves so far uncommitted to

Trans Canada, with better wellhead

prices and a higher load-factor mar-

ket for producers.

The Alberta Conservation Board in

October advised these two pipeline

organizations to re-submit their appli-

cations in January after reducing by
25 per cent the volumes they pro-

posed to export, implying export per-

mits would then be approved. No
permits are yet recei\ed from the

Board of Transport Commissioners

nor from the F.P.C, at Washington.

Another multi-million dollar pro-

ject is taking shape to market by-

products separated from Alberta

Natural Gas, to cost between SlOO
and $150 million. It would carry the

products by pipeline in liquid form
westward to \'ancouver and eastward

to the Canadian Lakehead ports or to

Superior, Wisconsin.
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POWER PRODUCTION

AND DISTRIBUTION
AN ALL-TIME record was estab-

lished in 1958 in the amount of

iiew hydio-electric geneiating capa-

city brought into operation in any

one year. A net total of 2,557,040

h.p. of new capacity was installed,

after making allowance for the dis-

mantling of 6,360 h.p. of existing

capacity. The previous record was
in 1954, when 1,785,450 h.p. of new
capacity was completed.

Ontário Led, with Quebec Next

Largest single addition came from
the first nine units of Ontário Hycho s

Robert H. Saunders— St. Lawrence
generating station,— the Canadian
half of the International Powerhouse
at Cornwall, producing 675,000 horse-

power. Quebec's completion of the

final three units of the Bersimis 1

development 300 miles northeast of

Montreal added 450,000 horsepower.

Ontário provided the largest annual

increase in hydro generating capacity

for any one province, with 1,301,800

horsepower added during 1958,

bringing that province's total installed

capacity to 7,126,566 h.p. This, how-
ever, was lower than the Quebec
total of installed capacity of 9,879,857

horsepower, which included the addi-

tion of 900,000 horsepower during

the year.

The Department of Northern Af-

fairs and National Resources forecasts

addition of another two million horse-

power in 1959 and some 2,600,000

in succeeding >'ears. Of this Ontário

expects to add 600,000 horsepower
in 1959 and 360,000 more in succeed-

ing years. Quebec's plans next year

call for another 1,300,000 horsepower
and more than 1,400,000 h.p. there-

after.

New thermal electric stations or

extensions of present installatíons

were proceeding in nine provinces as

\\'ell as in the Yukon and Northwest

Territories.

A Third of Canada's Power
Resources Developed

The total installed capacity of

water-power plants in Canada at >"ear-

end was listed at 22,470,040 hoi-se-

power, which represents 33 percent

of total resources. In addition to

these hydro-electric developments the

building of new thermal-electiic

plants and extensions increased in

1958 in some pro\ inces, notably Bri-

tish Colnmbia, Manitoba and New
Brunswick, in that order. If this addi-

tional thermal capacitx- of some
662,000 h.p. is added, as well as

some 3 million h.p. in ser\ ice prior to

1958, the grand total of available

power, both h\dro and thermal is

more than 26 million h.p. (Table I)

British Colunibia

In British Columbia a total of

Calgary Power Ltd., Wabamun Power Plant. This view overlooks the generator
of the first unit installed at the Wabamun steam plant. Beyond is the second 350
ton turbo generator which was commissioned Iate in 1958, giving the plant a total

capacity of 144,000 kw.
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189,700 h.p. of new hydro-electric

capacity was installed during the

year, while a further 35,000 h.p. was
under construction for 1959 operation

with another 475,000 h.p. in the plan-

ning or development stage.

The B.C. Power Commission com-
pleted the first stage of its Strathcona

development on Vancouver Island

near Upper Campbell Lake, where
the initial installation of 42,000 h.p.

was placed in operation in July. The
175 ft. earth fill dam here provides

800,000 acre ft. of storage. The Ash
River development near Port Alberni

was nearing completion and will be
in operation by mid-February 1959.

The powerhouse, five miles below
the storage dam at Elsie Lake, is

below an 11 ft. diam. tunnel and
wood-stave pipeline, and contains a

35,000 h.p. unit under a head of

700 ft.

The British Columbia Electric Co.
Ltd. continued work on the final

phase of its Bridge River development
on the Mainland, for completion in

1960, when combined capacity of

four plants will reach a total of

692,500 h.p. The final phase includes

a second storage dam, to be called

Mission Dam, a new powerhouse and
a I6V2 ft. diameter lined tunnel

12,700 ft. long. This dam, now under
construction, will be 188 ft. in height,

will raise the head at Bridge River

No. 1 to 1,356 ft. and increase the

capacity from 248,000 h.p. to

276,000 h.p. Another interesting

feature is the deep grout curtain

through the permeable material under-
lying the dam.

On Vancouver Island the com-
pany's 2,300 h.p. Goldstream plant,

built early in the century, was dis-

mantled.

The Aluminum Co. of Canada in-

stalled a seventh unit of 150,000 h.p.

at its Kemano plant. An eighth unit

comprising a turbine and generator of

similar capacity had been delivered,

but installation is being deferred for

the present.

In the thermal-electric field, the

B.C. Power Commission installed two
25,600 single cycle gas turbines at

Chemainus, one late in 1957 and a

second in January 1958; two regener-

ative cycle 24,000 h.p. gas turbine

units were also being installed here

for completion in January and Feb-
ruary 1959. A 600 kw. diesel plant

at Chetwynd near Dawson Creek will

be in operation in January 1958; at

Prince George seven diesel units with

total capacity of 6,480 kw. were
transferred to in active plant and two

more 3,000 kw. units are planned for

operation in December 1959 and
February 1960.

Elsewhere the following thermal

installations were completed: 4,200

kw. in six diesel units at Quesnel and

1,800 kw. at Dawson Creek in three

diesel units. In active prospect for

early completion in 1959 or 1960 are

6,000 kw. in two diesel units at Daw-
son Creek, a 1,000 kw. Diesel unit

at Smithers and a 100 kw. diesel unit

at Alert Bay.

The British Columbia Electric Co.

continued work on the Port Mann
Gas Turbine plant near New West-
minster, for operation early in 1959.

The four 33,500 h.p. turbines will

operate with natural gas as a pre-

ferred fuel or oil as a standby. The
plant is designed to be remotely con-

trolled from the load despatch office

15 miles away, from where 470,000

hp. of hydro power is already under

remote control.

At loco on Burrard Inlet the com-

pany had commenced work on a

steam plant designed for ultimate

capacity of six units of 211,000 hp.

each. The first unit is planned for

operation in January 1961 and an-

other in October, with the rest to

follow as required by load growth.

Alberta

There were no new hydro-electric

units installed in Alberta during 1958.

Calgary Power Ltd. deferred work
on extensions to its Spray and Rundle

plants until 1959, where a 62,000 hp.

unit and a 40,000 hp. unit will come
into service respectively in 1960.

Stream flow studies are under way
on Brazeau River, a possible site for

a future development.

In the thermal-electric field, Cal-

gary Power doubled the capacity of

its natural gas-steam station at Wa-
bamun, by bringing into operation a

second 66,000 kw. unit in October.

Northland Utilities Ltd. is studying

hydro sites on the Heart River near

McLennan and on the Fridette River

near Uranium City.

Northland Utilities Ltd. replaced a

500 kw. unit with a 3,000 kw. gas-

diesel unit, while Canadian Utilities

Ltd. placed in operation a 10,000 kw.

gas turbine unit at their Sturgeon

Plant. The city of Edmonton brought

into service a new 10,000 kw. gas

turbine unit at its municipal thermal-

electric plant. The City of Lethbridge

added a 10,000 kw. gas turbine unit

to its municipal station, while the

city of Medicine Hat built a 4,000

kva. substation.

Saskatchewan

An agreement was reached in July

1958 between the Federal govem-

ment and the Province of Saskatche-

wan for joint construction of the

South Saskatchewan River project. A
hydro-electric installation of some

200,000 hp. will be included in the

development.

The Churchill River Power Co.

continued construction for addition of

a 7th 19,000 hp. unit at Island Falis,

expected to be in operation by July

1959. The Saskatchewan Power Cor-

poration added a 66,000 kw. steam

turbine to its Queen Elizabeth ther-

mal station at Saskatoon. Capacit\- of

the Kindersley station was increased

by 20,000 kw. in two gas turbine

units.

Manitoba

The Manitoba Hydro - Electric

Board is building its Kelsey generat-

ing station on the Nelson River at

Grand Rapid. Five or six units under

a 50 ft. head are proposed, each of

42,000 hp. Two are scheduled for

operation in July 1960 and three

more during 1961. Installation of a

6th unit is being considered. The

plant will supply power to the Inter-

national Nickel mining development

at Moak, Mystery and Thompson
Lakes. Some 10 per cent of the

powerhouse and 5 per cent of the

main dams were completed by year-

end. The diversion channel and

sluiceway structures were nearing

completion, and the 250,000 c.f.s.

flow of the river was expected to be

passing through the sluiceway by that

time.

Thermal-electric projects underway

in 1958 included completion of four

steam turbine units each of 33,000

kw. at Brandon, while the Boards

Selkirk generating station will place

one 66,000 kw. in service in Decem-

ber 1959 and a second at mid-1960.

The pumphouse structure on the Red

River near Cook's Creek was com-

pleted for suppUing cooling water to

condensers. The Board's program is

based on an expected increase in

power demand through the winter of

1961-1962.

The Commission purchased four

diesel generating units aggregating a

capacity of 1,825 kw. and the distri-

bution system at The Pas in Decem-

ber last. A new generating station

was completed by year-end \\ ith t\\o

diesel units totalling 1,750 kw. and

two of the units of the purchased

equipment were being installed with

them, bringing capacity to 3,150 kw.

The city of Winnipeg continued
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with ropair woik at Pointe-du-Bois

aiul Sla\e Falis power stations and
toinpleted two substations in the

W innipeg area. The Department of

National Defence addcd one 1,136

k\\ . diesel iinít at Cluiichill.

Ontiuio

Ontaiios total of 1,301,800 hp. of

new capacity installed during 1958
w as the highest aniong the piovinces.

In addition, new capacity under con-

stiiiction is expected to add over

600.000 hp. during 1958 and some
360,000 hp. over succeeding years.

By year-end nine 75,000 hp. units

were installed in the Ontario-Hydro's

Robert A. Saunders - St. Lawrence
Generating Station, with a capacity of

375,000 hp. The remaining seven

units are scheduled for service by
No\ember 1959. The upstream earth

fill cofferdam had been blasted on

July Ist, 1958, and the headpond
raised to within 4 ft. of normal oper-

ating levei.

At the Sir Adam Beck - Niagara

Generating Station the Commission
completed development of the power
resources on the Niagara River with

the placing in service of the last three

units of the pumping-generating sta-

tion and of the last two additional

units at the main station. Each of

these units is rated at 105,000 h.p.

Each of the six pumping-generating
units has a capacity of 47,000 hp. at

maximum discharge.

In Februar\' 1958 the first of three

27,000 hp. units was placed in service

at the Whitedog Falis plant on the

Winnipeg River. The other two units

were placed in service in March and

June respectively. A similar develop-

ment at Caribou Falis on the English

River with three 34,000 hp. units

was placed in operation early in

October.

Late in 1957 the Commission com-

pleted works for diverting water from

Lake St. Joseph on the Upper Albany

River system to Lake Seul in the

English River System. This water

provides additional power at Ear

Falis, Manitou Falis and Caribou

Falis on the English River, and the

six plants on the Winnipeg River in

Manitoba. The two provinces have

an agreement for sharing the addi-

tional power produced in Manitoba.

One additional unit was also added

during the year at Manitou Falis on

the English River, and at Alexander

and Cameron Falis on the Nipigon

River. These additions have added

some 62,500 hp. to the Commission's

installed capacity.

Construction was also started dur-

ing 1957 at Silver Falis on the

Kaministiquia River, of a 60,000 hp.

single unit generating station. By the

end of 1958 a tunnel had been exca-

vated and partly lined, and 30 per

cent of the powerhouse structure was

built. When placed in service next

September it will be remotely con-

trolled from the Port Arthur trans-

former station.

Sliop erection of a

200 h.p. turbine for

the Beauhamois De-
velopment of the

Quebec Hydro-Elec-
tric Commission.

A new generating station with tuo
26,500 hp. units on a head of 93 ft.

will be built at Red Rock Falis on
the Mississagi River, for operation in

1961. By year-end first-stage coffer-

dams had been built and the head-

pond area partly cleared. Further

upstream on the James Bay watershed

another generating station was under
way at Otter Rapids 23 miles from
the Abitibi Canyon Plant, to be
placed in service in 1962. The power-
house, integral with the dam and
sluice structures, will house four

60,000 hp. units. The Commission
also plans to increase the output at

Abitibi Canyon with a fifth 66,000

hp. unit.

During 1958 the Commission also

undertook construction of two new
thermal electric stations, the Lake-

view Station west of Metropolitan

Toronto and the Thunder Bay Station

at Fort William. A third station is

planned for the Hamilton area. Good
progress was made on enlarging the

Richard L. Hearn Generating Station

to 1,200,000 kw., or three times its

present size.

Studies were continued with Atomic
Energy of Canada Ltd. and other

interested agencies regarding devel-

opment of a large-scale reactor for

production of energ>' from nuclear

resources. Plans for a 200,000 kw.

nuclear station are being developed.

Meantime construction was resumed

at Des Joachims on the Ontário side

of the Ottawa Ri\er. Work on this

20,000 kw. nuclear station had been

temporarih" suspended in 1957 to

permit changes in design.

Apart from the acti\'ities of the

Commission, the Great Lakes Po\\er

Co. placed in operation in October

at Gartshore Falis on the Montreal

River, a generating unit of 30,300

hp. capacit>' under a 115 ft. head.

The company is also going ahead

with its Cat Falis development on

the Michicopoten River for initial

operation in June 1959. This plant

will have one 30,300 hp. unit under

a 95 ft. head.

Quebec

In the Pro\ ince of Quebec, instal-

lation of In dro-electric facilities total-

ling 900.000 hp. capacity was brought

into operation. In addition. new

capacit\' currenth" being built will add
some 1,300.000 íip. during 1959 and

more than a million hp. in later \ ears.

H y d r o - Quebec completed its

1,200,000 hp. Bersimi.s I project by
adding units 6, 7 and 8. Each unit is

rated at 150,000 hp. imder a head

of 785 ft. At Borsimis IT. 23 niiles
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Foot bore straightflow

valve for Bersimis No.
2 development under
construction in the

John Inglis plant.

downstream, where there vvill be tive

171,000 hp. units under a head of

377 ft., three units are scheduled for

operation late in 1959 and the re-

maining two late in 1960.

At Beauharnois the Commission

continued construction of the third

and final section of the powerhouse

vvhich will contain ten 73,700 hp.

units with provision for a seventh.

Initial operation with two units is

expected in April, with a third to

follow in June and a fourth in Sep-

tember. Completion is planned for

1961 with total capacity of 2,234,700

hp. The Commission also built a

storage dam at Lao St. Anne on the

Toulnoustouc River, a tributary of

the Manicouagan. Studies were also

underway regarding the development

of the Lachine Rapids section of the

St. Lawrence, and of the Carillon

Rapids on the Ottawa River.

The Shawinigan Water and Power
Co. brought into operation the first

four 55,000 hp. units operating under

125 ft. head at its Rapide Beaumont
plant on the St. Maurice River. Units

5 and 6 were placed in service in

November-December. The Manicou-
agan Power Company completed its

McCormick Dam No. 2, an extension

to its plant at First Falis near Baie

Comeau. The last two 60,000 hp.

units were placed in service in March,
bringing total plant capacity to

292,400 hp.

Quebec Cartier Mining Co. com-
menced a development on the Hart

Jaune River last October, to supply

power to its immense iron ore project

in the Lac Jeannine area. A storage

dam will impound 54 million cubic

feet of water. Plans call for develop-

ment of 66,000 hp. five miles down-
stream, in three units imder 130 ft.

head, with provision for two or three

units at the storage dam at a later

date.

The first of the five 200,000 hp.

units at Aluminum Co. of Canada's

Chute des Passes project on the

Peribonka, operating under a head
of 62.5 ft. is expected to be in service

by August 1959. The Company has

indefinitely postponed a project to

divert water from Manouane Lake
into the Bonnard River, a tributary

of the Peribonka.

The James MacLaren Co. Ltd., is

building for completion in 1959 a

50,000 hp. plant on the Lièvre River

at Dufferin Falis. The plant will have
two 25,000 hp. units under a 62 ft.

head.

Hollinger Hanna Limited is study-

ing a possible 180,000 hp. develop-

ment on the Aux Pekans River in the

headwaters of the Moisie.

The Gatineau Power Co. completed

conversion of its equipment from 25

to 60 cycles at Paugan and Farmers

Rapids. Last remaining 25 cycle plant

at Chelsea will be converted early in

1959.

Extensive repairs were completed

on the Gouin Storage dam on the

Upper St. Maurice and on the Allard

Dam on the Upper St. Francis River.

Omitted from reported 1957 instal-

lations was a completion by Smelter

Power Corporation, totally owned
subsidiary of Nickel Mining and

Smelting Corporation, which placed

its 42,000 hp. hydro plant on the

Chicoutimi River. (273 ft. head) in

service in May, 1957.

New Brunswick

The New Brunswick Electric Power

Commission placed in service in Jan-

uary 1958 the second of two 45,000

hp. units, in the thermal-electric

field, at its Beechwood development.

The NBEPC has currently under con-

struction a 50,000 kw. steam plant at

Saint John, expected to be completed

next July. The Bathurst Power and

Paper Co. completed addition of a

6,540 kw. unit to its steam plant at

Bathurst, while the Fraser Company
Ltd. added in mid-October a new
12,500 kw. unit at its Edmundston
steam plant.

Nova Scotia

The Nova Scotia Power Commis-
sion purchased and dismantled two
small plants on the Sissiboo River. In

June construction was started on two

new developments to replace them,

12,000 hp. in one unit at 125 ft. head

at Weymouth Falis, and 8,000 hp. in

one unit at 85 ft. head at Sissiboo

Falis. Both will be in operation late

in 1959. The Clearland plant on the

Musquash River with its 330 hp. was

dismantled. The Commission proposes

two new plants on the Sissiboo at

Riverdale and Wreck Cove with

capacities of 8,000 hp. and 55,000

hp. respectively.

The Nova Scotia Light and Power

Co. completed its new 73,000 hp.

development in three units at Wind-

sor Forks in December. Two more

projects are in active prospect at

Lequille and Alpina with 7,500 hp.

and 6,500 hp. capacity respectively.

During the year the Company was

adding a 45,000 kw. unit to its Hali-

fax steam plant for 1959 operation,

while the Seaboard Power Co. was

adding a 16,000 kw. unit to its plant

at S>dney, with operation expected

by September 1959.

Prince Edward Island

The Maritime Electric Co. is

installing a 10,000 kw. unit at its

Charlottetown plant for operation late

in 1961.

Newfoundland

The Bowater Power Co. completed

in March at Cornerbrook a 12,000

hp. de\elopment in two units under

a 526 ft. head. United Towns Elec-

tric Co. added a 3,600 hp. unit to its

h\dro plant at Lookout Brook in

No\ember, while construction was
commenced at Pitman's Pond on a

1,200 hp. plant in one unit under a

70 ft. head. Newfoundland Light

and Power Co. Ltd. expected to com-
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plete in December 1958 a new 17,000
hp. de\ ol()pmeiit in tvvo iinits under a

307 ft. head at Rattling Brook near

Nonis Aim. At its Manihek Rapids
devekjpment in Labrador, Iion Ore
Co. oF Canada w ill add a new 19,000

hp. nnit nnder 35 ft. head in 1960.

Yukon and Northwest TeiTitories

At the Federal Government's
Northern Canada Power Commission
Wliitehor.se Rapids development on
the Ynkon Rixer the first 7,500 hp.

unit was placed in service in Novem-
ber, and a second similar unit at year-

end. Provision is made for a third

unit. On the Snare River in the

N.W.T. the Commission plans a se-

cond developm.ent of 9,200 hp. in one
unit, 8 miles downstrtam from the

existing Snare River Plant.

Installation of thermal plants dur-

ing the year included a 600 kw. unit

at Fort Smith, (replacing 2-100 kw.
units); a 150 kw. diesel unit in New
Aklavik (now named 'Inuvik') to aug-

ment the two existing 375 kw. units

as required. The Commission also

commenced an extension to the exist-

ing Fort Simpson plant for addition

of the 100 kw. diesel unit formerly

at Fort Smith. The Yukon Hydro
Electric Co., which is allied with
Yukon Hydro Co. Ltd., installed a

150 kw. diesel plant at Haines Junc-
tion, Y.T.

Columbia Settlement Near

At the end of the year there were
signs that the long controversy on
Columbia River power may be ap-

proaching a settlement. Acting Prime
Minister Howard Green announced
early in December that "steps are to

be taken at once to complete an
agreement with the United States

I I I 1 .
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which will make possible the co-

operative development of the River."

This co-operation would be based on

control of projects in Canada, he said.

This hinted that power from the

Canadian stretch of the Columbia
might have to be under a joint

federal-provincial authority. It im-

plied Canada will keep the regulation

of flow in its own hands, possibly

through a federal authority.

The Government also re-asserted

agreement on flows and downstream
benefits should be worked out by the

International Joint Commission, rather

than through diplomatic channels.

Expressing delight at Canada's

readiness to negotiate, U.S. officials

interpreted Mr. Green's statement as

indicating Canada had abandoned the

idea of diverting the Columbia into

the Fraser watershed.

Other Developments

Ottawa is firmly opposed to any

early development of power in the

Peace River Canyon, as proposed by

the Wenner-Gren group with Premier
Bennetfs backing, believing it will be
most valuable 25 to 30 years from
now. Federal authorities have never

seriously feared that development of

the Peace Ri\er might interfere with

development of the Columbia. They
believe it would not be feasible for

private interests to dam the Peace

Canyon unless they have an immedi-
ate market for most of the 4 million

hp. potential. A market for so much
power could not be found without

export, and Ottawa has a \eto over

ali power exports.

World Power Conference

Following the articles and reports

on proceedings of the World Power
Conference in September 1958 in

Montreal, covered fully in the Octo-

ber 1958 issue of The Engineering

Journal, there is little more to add
regarding developments in nuclear

power after so short a lapse of time.

These developments were covered in

articles commencing on pages 63, 75
and 85 of that issue.

British Columbia
Alberta

Saskatchewcn

.

Manlfobo

Quebec
New Brunswick

Novo Scotio

Prince Edward Island

Newfoundland
Yukon and Northwest Territories.

CANADA 2,563,400

\BIE 1—Power Installations fo r 1958-1959- 1960 and Pla nned for future years.

Installed in 1958 Scheduled for 1959 Scheduled for 1 960 Planned for 1960 or

future years

Hydro Thermal Hydro Thermal Hydro Thermal Hydro Thermal

hp. kw. hp. kw. hp. kw. hp. k2.

1 92,000 228,000 35,000 145,600 475,000 340,000 (a) 340,000
103,000 1 20,000
86,000 1 9,000 200,000

199,136 66,000 84,000 1 26,000
1,301,800 600,000 360,000 20,000 200,000
900,000 1,300,000 1,400,000 (b)

45,000 190,040 45,000 18,875
5,000 20,000 61,000 77,000

10,000

32,600 20,000 1 9,000 (c)

1 5,000 1,550 100 9,200 (d)

2,563,400 827,126 2,219,000 289,575 2,449,200 360,000 403,000 550,000

Less dismantled

NET TOTAL

6,360

2,557,040

Footnotes—(a) Excluding Mica Dam and diversion of Columbia, and 4 million hp. on Peace River.

(b) Excluding Lachine Development.

(c) Excluding 4 million hp. at Grand Falis.

(d) Excluding 4 million hp. on Yukon and Nass Rivers.
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PULP AND PAPER INDUSTRY

CANADA IS THE largest expoiter

of pulp and paper in the world.

More than four-fifths of the total out-

put moves abroadr Some 92 per cent

of newsprint production is exported

and 90 per cent of the pulp manu-
factured for sale also goes to foreign

markets. With an annual volume of

production valued at $1.4 billion,

pulp and paper accounts for 7 per

cent of the output of ali Canadian
industry. At current values the in-

dustry represents an investment of

some $3 billion.

Production in 1958

Total wood pulp produced last year

at 9.907 million tons declined almost

3 per cent from the 1957 levei and
by 5 per cent from the all-time high

established in 1956. Canadian news-

print output for the year at 6.095

million tons was 5 per cent lower

than in 1957. The productive capa-

city of the newsprint mills in 1958
was more than 7 per cent higher than

in 1957. Thus by mid-year the operat-

ing ratio had dropped to the lowest

levei of postwar years.

Both in Canada and the United

States, most of the recent additions to

newsprint capacity have been com-

pleted. However, in 1959 operating

ratios for the newsprint industry in

Canada will continue to reflect the

reserve capacity which was created

in the last twelve months.

Paperboard production in 1958 sur-

passed the all-time record leveis

reached in 1956, and increased more
than 6 per cent over 1957. Demand
for fine paper was well maintained,

with both production and consumption

higher than in the previous year. Pro-

duction of wrapping paper exceeded

the record levei established in 1956.

Technically, the industry continued

to progress satisfactorily, with research

programs underway both in the mills

and in the woods. The budwonn
epidemic appears to have been halted,

and productivity of the woods worker

increased again. Today west of the

Rockies it takes 1.3 man-da\ s to cut

and move a cord of wood to the mill,

as compared with 1.8 man-days a

decade ago—a 27 per cent reduction.

Industry Statistics

There are 80 pulp and paper com-
panies, operating 130 mills in eight

provinces. Almost a third of the

United States' wood fibre require-

ments comes from Canada, which ex-

ports annually to the U.S. 1.8 million

cords of pulpwood, 1.9 million tons

of pulp and 5.2 million tons of news-

print, close to 2 million of which is

eventually repulped for paperboard

or other products. Of the total pulp

and paper output 45 per cent comes

from Quebec, 26 per cent from On-
tário, 13 per cent from British

Columbia and 16 per cent from five

other pulp-producing provinces.

There are 26 companies making
newsprint, which operate 146 news-

print machines in 42 mills. In addi-
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Installation of No. 3 paper machine room. View from the dry end or calender
stack. Donohue Brothers Ltd., Clermont, Que.

Installation of No. 3 paper machine room. View from the wet end or Fourdrinier

end. Donohue Brothers Ltd., Clermont, Que.

tion to pulp and newsprint the mills

have an annual output of 1.9 million

tons of paperboard; book, writing,

wrapping, tissue, cleaning, industrial

and other papers; building papers and

board, and hardboard and other pulp

products. Next to newsprint, the

paperboard plants are the largest pro-

ducers, making 900,000 tons annual-

ly. Canada also produces more than

250,000 tons per year of fine papers

from 15 mills.

Including 95,000 woods workers,

pulp and paper creates employment
for some 335,000 workers. Even ex-

cluding its seasonal workers totalling

some 270,000 pulp and paper is one

of the largest employers in the land.

Technical Sessions

Among technical subjects discussed

at the annual C.P.P.A. meeting were
factors affecting Fourdrinier wire life.

In papermaking the soup)' pulp flows

on the moving wire mesh screen

where the water drains away. Pulp

fibres felt together into a wet sheet.

With today's high speed of paper

machines replacement of Fourdrinier

wires has risen alarmingly. An in-

dustry-wide task force had been
studying the problem.

Another session dealt with chem-
ical pulp problems. Chemical pulp is

produced by cooking wood chips in

an acid or alkaline solution. Exports

are valued at some $275 million an-

nually. A paper was presented on

advances in the design and operation

Towering 250 ft. abo\e the wild wood-
lands of Northeni Quebec is the largest

differential surge tank of its kind in

North America. This was erected for

Price Brothers and Compan\- Ltd.. pulp
and paper manufacturers.
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of chlorine dioxide generators for

bleaching the pulp. Another paper

dealt with purity and bleachability

of puips.

Discussions on fine paper manu-

facture included a paper on research

into factors that allow paper to curl,

and another dealing with pitch-dis-

persal chemicals that permit produc-

tion from resinous woods such as

jackpine. Paperboard production prob-

lems were discussed, such as the large

quantities of steam used in paper-

making, alkaHne pulping of poplar

and a new technique for continuous

rather than batch-pulping of northern

hardwoods.

Another session dealt with handl-

ing and storing of raw materiais, pal-

letization, trials of a special pulpwood
railway car, and a case history of an

industrial truck driver's training pro-

gram were subjects of addresses. A
boxboard session discussed packag-

ing, sizing, quality control and uni-

formity. A session on pulp blending

discussed a magnetic stock proportion-

ing control system, as well as stock

fiow and measurement through ori-

fices. In a session on mechanical engi-

neering, subjects included methods of

getting more pulp from a given

amount of wood, electrical engineer-

ing, and alkaline pulping of hard-

woods.

A session on paper drying was de-

voted to infra-red radiation in paper-

making; bark disposal, new processes

of bark utilization, and use of bark
to generate steam. Discussions related

to static rectifiers, fundamental chem-
istry of wood, drying and ventilating

and operating problems of paper-
board production as well as testing

and quality control.

Infeed section Coe tunnel dryer for softboard at Prairie Fibreboard Limited, Sas-

katoon, Sask.

Table I—Canadian Pulp and Paper Production and Exports— 1957-1958

Preliminary 1958 figures

Production Exports

1958 1957 1958 1957

Gross value of output $1.4 billion $1.4 billion $1 billion $1 billion

Tons Tons Tons Tons

Total wood pulp 9,906,712 10,176,707 2,213,701 2,232,185
DIssolvIng and Special Chemical 306,551 341,411 248,789 291,523
Bleached sulphite paper grades 553,775 583,300 349,191 384,736
Unbleached sulphite 1,558,383 1,754,162 209,424 297,036
Bleached sulphate 1,118,627 882,970 880,669 716,353
Unbleached sulphate 833,862 775,391 259,362 256,020
Other Chemical 235,463 244,823 32,343 41,311

Groundwood 5,234,675 5,516,713 226,498 237,697
Newsprint 6,095,553 6,396,501 5,609,024 5,907,393
Containerboard 485,845 455,495 50,058 57,402
Boxboard 420,258 390,063 26,497 22,262
Total paperboard 906,103 846,008 76,555 79,664
Fine paper 254,068 252,086 15,873 16,270

Coated paper 30,960 29,450 1,227 1,202

Other printing paper 91,641 80,925 63,820 54,590
Special papers 128,367 124,800 3,785 5,218
Wrapping paper 287,930 269,177 28,720 18,836
Building papers and boards 320,000 272,000 15,000 23,300

View of hardboard and softboard formíng machines at Prairie Fibreboard Ltd., Saskatoon.
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RESEARCH AND SCIENCE

John R. Kohr

At the concert: "Ma, wliaf.s tlie book

the conductor is rcading?" "Thafs the

score." "Oh? Who's ahead?"

Science in canada has always been
a concerted effort lather than a

competitive sport; and this is still tiue

in 1958-59, both internationally and
internally. Internationally, we don't

crave a place in the race into space

at a quickening pace just to save

face; and internally, we have become
a nation where even distillers make
exhortation toward moderation!

The score of science in Canada

—

and I make it a point not to say

"Canadian Science"—is composed of

thousands of research notes, confer-

ence proceedings, annual reports,

technical journals, science lectures,

and even television shows; the

orchestration is provided by federal

and provincial government labor-

atories, by independent research

organizations, and, increasingly, by
universities and by industry.

At the last count, in 1957, industry

alone employed some 4,500 profes-

sionally trained scientists—the num-
ber had doubled in the short span of

two years! — and some 3,500 tech-

nicians. Multiply these figures by
some 40 hours a week for some 50

weeks a year . . . and you'll hear the

wheels of progress hum ... to the

point where this symphony of science

will begin to sound almost like the

Flight of the Bumblebee. No wonder
that the voice of the "vocal soloist",

the Ione inventor, is nowadays seldom

heard in the land.

However, this marathon musical

metaphor was not meant to end on a

sour note but rather with the three

"leitmotivs"; expansion and improve-

Postdoctorate Feliow froni índia, using vacuum apparatus to concentrate biological
materiais without having to apply heat. The commonly used heating method would
decompose these "Thermolabiíe" substanees. Work of this type is done in the
fermentations and enzymology section, Division of Applied Biology, National
Research Council, Ottawa.

ment of research facilities; focus on

higher standards of education in the

Sciences; and, iinally, increasing em-
phasis on supra-national aspects of

science.

Expansion and Improvement
of Research Facilities

Increasing interest of industry in

research-development is shouTi by
investment in new or extended re-

search facilities, which amounted to

$12.8 million in 1957. This is more
than 20? of the estimated value of

ali facilities used for research up to

1955. Indications are—from the size

and number of industrial laboratories

opened in 1958—that this rate of

growth will be kept up for several

years to come. This means, roughly

speaking, that during the 'fifties.

Canada will have ex-perienced an in-

dustrial research expansion equivalent

to that of the entire half of the

century!

Government research laboratories

are beginning to show a more—shall

we sa\-, conser\ ative—rate of growth.

This is not surprising if one considers

that in Canada large and powerful

research organizations in government

departments dealing with natinal

resources had alread>" existed long

before industrial research in this

conntry was able to get going. Long-

range plans for \ eritable networks of

go\"ernment research laboratories.

concei\ ed shorth" after ^^"orld ^^'ar II.

have now been largeh' put into effect

In- the Department of Agricultvue.

Atomic Energ\ of Canada Limited.

Defence Research Board, Mines and

Technical Survexs, and the National

Research Council of Canada.

Notable additions are: the new
forest products laboratory of the De-

partment of Northern Aflfairs and

National Resources; the new testing

laboratory of the Department of

Pulilic \\'orks; the telecomniunications
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laboratory of the Defence Research

Board; a plant biochemistry annex to

N.R.Cs Prairie Regional Laboratory;

and the Fire Research Laboratory of

N.R.Cs Division of Building Re-

search.

The Fire Research Laboratory is

unique in Canada. Almost haif of its

550,000 cubic feet consists of a huge,

40 ft. high hall that houses two
enormous furnaces, the one for re-

search into fire resistance of walls,

the other for fire resistance of floors.

Cost of the laboratory, including

equipment: a cool million dollars.

Cheap, if one compares it with the

44 million dollars damage caused by
25,560 fires in 1958, in Ontário alone!

Invaluable, if one considers the 450
persons injured and the 155 lives lost

by fire in 1958, in Ontário alone!

(Totais for Canada not yet available

at time of writing.)

In the provincial field, an example
of healthy growth was given by the

Alberta Research Council which re-

cently added to its facilities at the

University of Alberta a large labor-

atory and pilot plant financed by the

Alberta government to the tune of

some $750,000.

Focus on Education ín

Science and Engineering

Talking of the University of Alberta

reminds me that many other univer-

sities in Canada have launched a

building program that reveals both

the grasp of, and the reach for,

benefits yet to be derived from higher

education in ali fields. In these plans,

the biological, chemical, medicai,

physical, and engineering sciences are

not being overlooked, to put it mildly.

At Ottawa University, for instance, a

million-dollar chemistry building has

followed hard at the heels of a similar

electrical engineering building, to be

followed in tum by a million-dollar

biology building. And on the brand-

new campus of Carleton University,

only a few miles away, the Henry
Marshall Tory Building for Science

and Engineering is nearing comple-

tion.

In the Maritimes, the biggest single

step in expansion of facilities at St.

Francis Xavier University recently

culminated in the opening of a

Chemistry and Physics building,

erected at the approximate cost of—

youVe guessed it — a million dollars.

(Could it be that the fascination

exerted by this "round figure" has

something to do with its pleasant

plumpness?)

At Dalhousie University, erection

of the Sir James Dunn Science build-

ing has been made possible through

a gift by Lady Dunn of nearly two

million dollars. (To explain this extra

munificence, it may be worth while

recalling for a moment that Dal-

housie's present chancellor is, among

other things, a professional engineer!

)

Mount Allison and the University

of New Brunswick have also made

tremendous strides both in the enrol-

ment of science and engineering stu-

dents and in the corresponding

provision of new facilities.

I have dealt here with the Mari-

times at some length because I want

to exemplify the gradual achieving of

a healthy balance in these provinces

between education in the natiual sci-

ences — where the low number of

scholarship holders, for one thing, had

indicated a significant lag behind the

central and western provinces—and

education in law and the humanities,

in which the Maritimes had always

enjoyed a Canada-wide reputation for

their "export of brains".

But of ali science building projects

in Canada, by far the most magni-

ficent, both in conception and in exe-

cution, is the new Ecole Polytechnique

on the campus of the Université de

Montréal. Built at a cost of nearly

ten million dollars, it takes care of

an enrolment of nearly a thousand

students, making allowance even for

Not ali pieces of equipment used in scientific research are as

complex as this apparatus operated by a technician of N.R.Cs
Division of Applied Physics. Photo by Malak, Ottaiva

Teamwork is of increasing importance in most scientific de-

velopments. A valuable member of the team is this dratts-

"man". Photo by Malak, Ottawa
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tlie eniolinent being doubled within

the next ten >ears. Coukl there be a

fiiier syinbol for the enifigence oí what
I may call— if \ou'll paidon the bi-

liiigual "jeu de niots"

—

le génie cana-

(licu!

"Engineering is becoming ever more
popular among the students in the

French(-speakiiig) high schools and
classical colleges (of Canada). The
major industrial developments in

Eastern Canada catch the eye and
tlíe mind of young French Canadians
as they never did before. This,

coupled with the normal increase in

the school age population will soon

result in a much greater participation

of French Canada in natíonal econ-

omic development. The nevv facilities

of Ecole Polytechnique come at a

good time to cater to the coming gen-

eration, which rightly sees the oppor-

tvmities vvhere they lie." (The Engin-

eering Journal, January 1958, p. 89,

in the first of a series of articles on

Engineering Faculties in Canada.

)

Emphasis on buildings, and their

cost, is of course merely a macroscopic

and grossly materialistic measuring

stick: a laboratory, to a team of scien-

tists, means no more and no less than

what an auditorium means to an

orchestra; for, basically, buildings are

merely a shell, to make a good
performance resound in ali its glory.

Preparing samples for testing of the physical properties of ice, in the snow and
ice laboratory of the Division of Building Research.

Scientific apparatus—just like musical

instruments—often involve major ex-

penses, too: think of the computing
centre at the University of Toronto,

the nuclear reactor at McMaster Uni-

versity, the wind tunnel at the Uni-

versity of British Columbia; the fin-

ancing alone, of these modem monu-

Skilled hands remain
one of the most valu-

able assets of any sci-

entist. Photo shows
grain fertilization ex-

periment of the De-
partment of Agricul-

ture Research Labor-
atory, Winnipeg.

mental "teaching aids" often invohes

separate contributions from various

govemment and industrial som-ces.

With some industrial corporations

assuming an ever increasing share

and constantly growing interest in

higher education, it is gratifying to

note that the golden age of the indi-

vidual benefactor is far from being a

thing of the past; not perhaps as

ílambo>"antl\- enthusiastic as some
sevent>-five >'ears ago, when Louis

Agassiz founded the first outdoor

laborator\', for which John Anderson—
a tobacco merchant in New York—
donated an island (complete with a

solid fift\' thousand dollars for operat-

ing expenses), while a Mr. Charles

G. Galloupe contributed a yacht. and
François de Pourtalès took care of

building a harbour, to say nothing of

Quincy Shaw who gave Agassiz a

hundred thousand solid dollars "to be

used for whatever se^med best". Still.

McGill Uni\ ersity recently was left -i

whole niountain, Mont St. Hilaire.

w ith no strings attached. And another

industrialist has converted his sum-

mer estate into a haven for tired. but

far from retired, leaders of Canada s

academic world, so that they would
find time for some vmdisturbed fish

. . . pardon me, philosophizing.

Siipra-National .^spects of

Science in Canada

The most siguificant. íud perhaps

the most satisf>ing, sxmbol of ad-

vances of science in Canada is its

increasing international recognition.

Here are some variations on the

theme.
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The International Geophysical Year,

officially concluded on 31 December
1958, was undoubtedly the most vali-

ant eífort at international scientific

collaboration ever to be made; in ali

fairness it must be admitted, however,

that some parts of this far-reaching

program assumed undertones of na-

tionalistic competition; the Canadian

I.G.Y. program became thus doubly

remarkable: not only for the extent

and diversity of its operations but also

for its "down-to-earth" detachment

from any motive that was not rigor-

ously scientific. Even the removal of

Ripple Rock—an eminently practical

engineering project — was made to

serve l.G.Y. scientists for explorations

in geodetic theory.

A large-scale Postdoctorate Fellow-

ship scheme, now in its twelfth year

of operation, has been expanded so

that it now welcomes to Canada some
of the worlds most brilliant young
scientists, to work not only at the

National Research Council but also

at various other Government labora-

tories and even at universitíes.

Canadian scientists are being asked

in ever increasing number to serve on

missions for UNESCO; to participate

in international expeditions (last year,

for instance, to study aborigines in

faraway Central Austrália ) ; and to

help wíth the Colombo Plan, both as

experts abroad and as mentors for

Colombo Plan Fellows whose training

requirements may range from leaming
how to build and run a nuclear reac-

tor to studying the latest techniques

of food and drug inspection.

Similarly, excellent liaison between
Canada's Technical Information Ser-

vice and its counterparts abroad was
pointed up last summer when, for the

first time, the European Productivity

Agency seconded one of theír bright

young men to T.I.S. for a six-month

study of its operation ali across

Canada.

On the other hand, Canadians con-

tinue to learn new and unusual ap-

proaches to scientific and technical

problems from visiting experts: a

striking example is the work done by a

Swiss specialist during the past two
winters on avalanche control in the

Canadian Rockies, under the joint

auspices of Canadian railways and
N.R.Cs Division of Buildíng Re-

search.

Some Canadian developments, such

as the cobalt teletherapy unit, are

being exported to many countries; the

advances Canada is making in photo-

grammeh"ic research have lead to sub-

stantial contracts between various

underdeveloped countries and Can-

adian aerial surveying firms.

The two "Atoms For Peace" con-

ferences may be cited as typical ex-

amples of large-scale meetings outside

Canada, where Canada was able to

contribute both her scientific contin-

gent and by her popular exhibits.

Speaking of exhibits, Canada'.s photo

display at the "International Exposi-

tion on the Teaching of Sciences"

held this winter at the Sorbonne.

Paris, was so well received that Can-

ada's Department of Externai Affairs

has been asked to make it available

in other European cities.

Canada has become a favourite

"host country" for World Congresses,

such as entomology, genetics, bio-

metrics, and the World Power Con-

ference. The largest scientific gather-

ing ever to be held in Canada will

take place when the Ninth Inter-

national Botanical Congress will meet,

19-29 August 1959, in Montreal.

Montreal, Ottawa, and Toronto are

among the cities now frequently

chosen for annual meetings of scien-

tific societies with headquarters out-

side Canada; e.g., the Instituto of

Radio Engineers and the Society of

Chemical Industry. Eminent Canadian

scientists have achieved the signal

distinction of serving as presidents

of international scientific organiza-

tions — although their nationality had,

of course, little to do with the fact

that they were chosen; they simpl>-

were considered best suited to hold

the position.

Some scientists in Canada have also

started to play a leading role in such

supra-national endeavours as the pro-

posed redefinition of the International

Metre in terms of wavelengths rather

than material standards. Moreover, in

an agreement among Commonwealth
nations and the United States a single

value for the standard inch will be-

come effective as of 1 July 1959:

instead of the U.S. inch of 2.540005

centimetres or the British inch of

2.539996 centimetres, the inch

adopted in Canada in 1951, measuring

an "eveii" 2.54 centimetres will be

accepted; again, the Canadian inch

will be accepted not because it's Can-

adian but simply because it's easier to

handle.

To the superficial observer, this ma\

sound like straining at a gnat; but,

contrary to popular opinion, this is

preciseíy how progress is being made
in the natural sciences; and yet,

although "Science is Measurement",

the progiess of science itself is, for-

tunately, be>'ond ali material measure

. . . in Canada ... as well as in

the rest of the world.
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ST. LAWRENCE SEAWAY

AND

POWER DEVELOPMENT

THE OFFICIAL opening of the

St. Lawrence Seaway marks the

realization of a project conceived

more than a century ago. As early

as 1825 the Hon. Robert Young of

Montreal began agitation for a deep

waterway and seven years later his

views received support in a widely

pubhcized article "The Concise View
on Inland Navigation". The profes-

sional engineer enters the story in

the person of Thomas Coltiin Keefer,

M.E.LC. first president of the Cana-
dian Society of Civil Engineers (1887)

later the Engineering Institute of

Canada. Thomas Keefer planned and
supervised scores of waterway pro-

jects mosth' for the impro\ement of

traffic conditions on the Canadian
rivers.

In a series of books and in scores

of pamphlets, articles and addresses

around the middle of the century,

Keefer put fortli his \-ie\vs on the use

of Canada s waterways. The St. Law-
rence was to him a broad passage

into the heart of a \ãrgin continent

whose commerce sooner or later must
take to the seas. His remed\' for falis,

rapids, portages and other natural

obstacles on the St. Lawrence sys-

tem was to cut more and more canais

so that ships of ali nations naxigating

without interruption could pick up
cargoes on ever\- cove on the Great

Lakes.

The Welland Canal

In 1913 the Canadian Government
imdertook a project which would ul-

timateh- form part of the completed

seaway. The new Welland Ship canal

fourth and largest of a series of four

canais built in Canada to connect

Lakes Erie and Ontário, was com-

menced in that >ear. Work was sus-

Looking downstream at the remains of Toussaints Island in the foreground. Ships

which will bypass Iroquois Dam in the centre distance will be raised through
Iroquois Lock and pass through what was formerly Toussaints Island. In this photo-

graph the island has been excavated, flooded and the rim dyke is being removed by
dredges.
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pended in the fali of 1916 but was
resumed after World War I and was
completed in 1932 at a capital cost

of $130 million. The last eight miles

of channel are now being deepened
to 27 feet. But a nevver Welland
canal costing some $75-100 million

will be needed within 10 years. If

the Seavvay is to carry its full poten-

tial and pay for itself in 50 years, it

is expected that tolls will enable Can-
ada to build this duplicata soon
enough to allow full development of

traffic.

It was Mr. R. A. C. Henry,
M.E.I.C., then chief engineer of

Beauharnois Light Heat and Power
Company who made the imaginativa

and far sighted proposal that the dif-

ficulties of power development in the

Soulanga section should be overcome
by the construction of a canal be-

tween Laka St. Francis and Lake St.

Louis to taka the full flow of tha St.

Lawrence.

Beauharnois

The Beauharnois development,
now owned and oparated by Hydro
Quabec, is ona of tha largest plants

in Canada with one million three

hundred and fifty thousand horse-

power at present in store. When
completed it will produce ovar 2,-

000,000 horsepower. Located in tha

Soulanga section it was commanced
in 1929 with the proviso that the

power canal would later be improved
and deepened and widened to the

dimensions necessary for use as a

navigation channel for the Seaway.
The power canal is 16 miles long

and is now being dredged to a 27 ft.

depth throughout. Two locks have
bean installed by Canada's Seaway
Authority.

Plans for the construction of the

seaway proper, however, involved

agreement in detail between Canada
and the United States, and it was not

until 1954 that the men and ma-
chinas on each sida of the border
could actually begin thair huga task.

Opening Ceremony
The ceremony last September at

the powerhouse on tha International

Boundary was a tribute to the per-

fect co-ordination that has marked
the four-year construction period of

the St. Lawrence Seaway and Power
Project. Premier Leslie Frost of On-
tário and Govemor Averill Harriman
of New York Stata jointly prassed a

switch to start eight ganerators de-

livering power on a commercial basis

on September 5th, the axact data set

four years praviously for first da-

livery of power and partial opening

of navigation through the new locks.

The opening of the completa seaway
on Schedule will be the crowning
achievement of this co-ordination be-

tween the Joint Commission, tha

Board of Control, tha Joint Board of

Enginaers, the four Authorities and
the many contractors and suppliars.

Raising a Bridge

Tha smooth operation of the in-

tensiva four-year program was
marked by many impressive engineer-

ing accomplishments. Outstanding

among these was the raising of the

Southern half of tha 2)2 mila Jacques

Cartier highway bridge ovar the St.

Lawrence at Montreal harbour to

provida adequate overhead clearance

for seaway vessels. The roadway pro-

file was changed by jacking the

spans and building up the bridge

piers on which they rested to in-

crease the clearance by 50 ft.

A further 33 ft. was gained by rê-

placing one of the original deck-truss

spans with a new through-truss span

built on falsework on ona sida and
slid latarally into place, pushing the

old span on to falsework on the other

side. Translation of the trans-channal

span took place on October 20, 1957,

closing the bridge to traffic for less

than five hours on a Sunday morning.

Jacking of the bridge was completed

on July 2, 1958. The designar of the

original bridge, the late Dr. P. L.

Pratley, M.E.I.C., also designed this

modification which fully preserves its

artistic and practical value.

New Locks

Canada has built five of the seven

new locks on the seaway betsveen

Montreal and Prescott that replaced

21 on the old system. The smooth

working of the gata machiner\' in

the new locks is another notable

achievement. It takes only sbc min-

utes and causas a minimum of water

disturbance to fill or empty a lock

80 ft. wide with a usable length of

768 ft., providing a lift of 6 ft. This

is half the time taken in tha \\'elland

Canal locks built some 25 > ears ago.

The tv\'o American locks were

opened to navigation for ships of 14

ft. diaft early in July, and by the

close of navigation a total of 5289
vessels had passed through these

locks and through the Iroquois Lock
on the Canadian sida. By year-end

work on the remaining four Cana-
dian locks. St. Lambert, St. Cath-

erine, and the Upper and Lower
Beauharnois locks was completed.
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Rolling lift bridges for the St. Lawrence Seaway Authority

at Cote St. Catherine and Iroquois.

with the exception of machinery in-

stallation and testing of the lock

gates, expected to be ready for the

opening of navigation in 1959.

Rail Bridges

Early in October 1958 a 212 ft.

1,500 ton rail-highway lift span, as-

sembled a mile east of the upstreani

entrance to the Beauharnois canal,

was loaded on tvvo scows and towed
on three tugs to the site of the \'al-

leyfield railway bridge crossing the

canal. After one existing span had
been removed and stored on pile sup-

ports the new lift span was raised by
pumping out the scows and let down
to exact position on the bridge piers.

Later another 212 ft. span was towed
8 miles down the canal and installed

on the N.Y.C. -St. Louis rail bridge.

International Powerhouse
Works of the power project also

have been brought into effect with a

notable smoothness of transition. One
example of this has been the short-

ening of the customar>' dr>-out

period on the Canadian generators in

the International Powerhouse, per-

mitting the first two to be placed

"on-line" within one week foUowing
the raising of water in the headpond.
The flooding sequence of June 30-

July 5, 1958 was carried out with re-

markably little dislocation of ri\er

traffic. At 4 a.m. on June 30, 1958
shipping was cut off between Coni-
wall and Prescott, Ont. on existing

14-ft. draught canais. At midnight

stoplogs were placed in the closure

stiucture after the last downbound
vessel had cleared. At 4 a.m. July

1, gates of the Iroquois dam were
opened to pass 310.000 cubic feet of

water per second, then at 6 a.m.

the tunnel ports of Long Sault dam
were progressively closed.

At 8 a.m. on July 1 cofferdam A-1

above the Long Sault Rapids be-

tween Sheek and Barnhart Islands

was placed with some 35 tons of ex-

plosive, releasing a 30 ft. wave which

slowly inundated 30.000 acres of

land creating an international lake 35

miles long and 5 miles wide at its

widest point. At 9 a.m. the coffer-

dam at Ogden Island near Wadding-
ton, N.Y. was bridged.

With filling of the pool completed

July 4, power production was com-

menced with tw o imits on the Cana-

dian side while navigation was re-

sumed on Juh- 4. By the end of that

month se\en imits were producing

power—three on the Canadian side

and four on the U.S. side. At >-ear-

end eighteen units were in operation,

nine in cach half of the powerhouse.
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INSTRUMENTATION
IN INDUSTRY

POWER FIELD
T N THE PRODUCTION and distri-

A bution of electiicity, instrumenta-

tion is an inherent part of the busi-

ness, and some of the most exacting

instrumentation systems in operation

have been developed for, and are in

use by, the electric power companies.

The variety of types of instruments

runs the gamut from simple indicat-

ing and recording instruments to pre-

cise electronic and hydraulic devices

governing the speed of generators

with amazing accuracy and complex

switching devices which isolate a

fault on a transmission Une in a wide
fking distribution system and, in less

time than it takes an electric Hght to

extinguish itself, transfer entire áreas

to alternate sources in the power
grid.

A very large proportion of the

fundamental equipment in many of

the companies reporting consists of

automatic, remote and supervisory

control systems. One company oper-

ates ten hydro plants from a central

control room operated by one man,
and has a steam plant operating with

a centralized system which allows the

control and operation of two 66 MW
units utilizing the services of one
attendant per shift.

Reason for Instrument Installations

While it is generally true that a

large amount of instrumentation is

required in the production and dis-

tribution of electric power, it is inter-

esting to note that the most import-

ant reason given by respondents for

advanced instrument installation was
to reduce the labour force. By using

remote control relay systems, and
automatic switching and protection

Calgary Power Ltd., Wabamun Power Plant. The nerve centre of the plant is the
control room. Ali maín equipment is controlled from here, incliiding the equip-

ment for automatically controlling the heat cycle of the steam generator. Instru-

ments on the console are grouped for maximum clarity and convenience for the
operator. The right half of the control panei shown in the photo regulates operation

of the recently added 66,000 kilowatt unit. Section to the left commands the per-

formance of the original installation.

equipment, they have been able to

give a higher order of reliability in

service with a shrinking labour force.

Comments indicated that this trend

will continue, probably at an acceler-

ated pace, as labour becomes more

expensive, and as reliability of elec-

tronic control devices improves.

With increased use of remote con-

trol, there is a general trend towards

more recording instruments to give an

accurate record of performance pre-

ceding, during and after troubles and

faults occur. Other major reasons for

investment in further instrumentation

were for purposes of central supervi-

sion, for regulation of operating

variables and for telemetering.

Uses of Instruments

Generally speaking, in the electric

power industry, instruments are used

to measure, regulate, protect, provide

supervision and to provide records for

analysis. Measurement is incorporat-

ed in the many metering instruments,

and involves measurement of current,

voltage, power, phase, speed, fre-

quency, etc. Regulating instruments

include both mechanical and elec-

tronic instruments, and include very

sensitive systems such as those used

to control turbine speed at modern
hydro generating stations. The stand-

ard power frequency is taken so much
for granted that many people lose

sight of the fact that half the nation

is timed by electric clocks which rely

on extremely close control of genera-

tor speeds at power stations for their

very high order of accurac)'. Super-

visory use of instruments includes

those applications in which operating

parameters are relayed to a central

supervision point for contiol, and
analysis of records obtained hy use

of continuously recording instruments

enables engineers and technicians to

do a better job of interpreting faults

and equipment breakdowns, as well

as providing continuous records of

peak loads, miscellaneous faults, etc.
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^^"lu> Determines Instrument

He(iiiireineiits?

Ill tlie o\ei"\\ lielining majority of

companies lespoiKliiití, the power
coinpanies' emplo>ees themselves de-

teiiniiie the conipany's instrument

lequireinents. Foit>' peicent of the

respondents indicated they also use

consultants to specify their instrument

while in isohited cases this work was
performed by the staffs of affihated

companies, or by the engineering

staffs of instrument manufacturers. In

e\'ery case, the actual specification

and recommendations for types of

instruments to be purchased was done
b\- the company's engineering depart-

ment.

Who Buys the Instruments?

It was apparent from answers
received that this question depends
\ ery largely on the internai organiza-

tion of the companies involved. There
appears to be a trend in some com-
panies to appoint men with a techni-

cal background to their purchasing
department, and then make them re-

sponsible for actually selecting the

supplier who can produce to the spec-

ification supplied by the engineering

department at the most favorable

price. In the vast majority of cases,

however (83%) the engineering de-

partment itself specified the actual

brand of equipment, and the purchas-
ing department acted in a passive role

in bringing the equipment into the

plant.

Servicing

Ninety-two percent of the compan-
ies responding to the questionnaire

serviced their instruments themselves,

and some reported fairly extensive

instrument shops equipped to do a

wide range of instrument repairs.

Some of the companies maintaining
their own instrument shops also pur-

chased repair service as required, and
this seemed to be more common
where electronic control equipment
with sensitive, and sometimes elab-

orate, test installations are required.

One médium sized company with a

great deal of modern control instru-

mentation does not operate an instru-

ment shop, and buys ali of its instru-

ment service requirements as needed.

Preventative Maintenance

Respondents were split evenly on
this question—half of them used an
organized system of preventative

maintenance, and the other half made
repairs as failures occurred. The two
largest companies reporting used a

system of preventative maintenance,
but there was no clear-cut pattern

with regard to size of company in the

remaining group—some of them did

and some did not.

Remarks contained in answers to

the questionnaire indicated that this

is a field in which considerable re-

search and investigation is required.

Many companies who did not operate

a system of preventative maintenance

indicated that they had never attempt-

ed to isolate the cost elements in-

volved in such an operation. There
' seemed to be a general fear that such

systems grow by Parkinson's Law
and become prohibitively expensive,

whereas in actual fact the details of

any such program are extremely flex-

ible, and must be tailored to the

individual needs of companies con-

cerned. One company scheduled a

yearly preventative maintenance check

of ali instruments associated with

each generator in a multi-generator

power house, and records over the

years had shown this to be good
economics. They fitted their program
into natural breaks in generator ser-

vice, and were able to make use of

instrument technicians who would

probably have been used with less

than one hundred percent efficiency

otherwise. They pointed out that

their preventative maintenance pro-

gram tended to equalize the \\'ork-

load in the instrument shop, and to

lessen the incidence of all-out emer-

gencies.

Spare Parts Practices

More than fifty percent of the

respondents maintain a stock of spare

parts built up through their own
operating experience. Nearly fort\'

percent stock the spare parts recom-

mended by the equipment manufac-

turers. Some of these thought the

practice somewhat expensive, and de-

plored the tendency by some instru-

iuent companies to "pad" the lists of

recommended spares to bolster their

sales and profit. They feel that good

spares lists, conscientiousK' recom-

mended by instrument manufacturers

as a result of their own statistical

experience, were a real asset to users

of instruments, especially where new
types of instruments are involved.

They felt that instrument manufac-

turers interested in the long term pic-

ture could do an excellent service b>"

providing "essential" lists of recom-

mended spare parts.

Only a limited number of compan-
ies kept spare supplies of complete

replacement units. This tied in with

the preference for plug-in units. Ap-
parently such units are not popular

with the power companies, where
many of the installations are perman-

ent in nature, and where versatility is

not so important as in manufacturing

industries. A few did indicate a pre-

ference for the advantages of plug-in

units where faults are concemed,
especially with electronic instruments

where faults may occur in cycles, and
where repair time is difficult to esti-

mate. A few spare plug-in units,

especially where there is standardiza-

tion of common elements, makes for

a high degree of reliability of service

in these cases, and there was some
indication of a trend in this direction.

Instrument Specifications

The overwhelming majority of com-
panies reporting preferred to use

standard commercial lines for their

instrument requirements. A few indi-

cated that the\' usually have their

more complicated control instruments

built to their own specifications, and
a few others preferred to modify
standard instruments, with the engin-

eering usually done in their own
engineering department, and the

modification usually done in their

own instrument shops.

As would be expected in the field

of electrical power supply and distri-

bution, almost ali of the companies

own theii" instruments outright. A few

companies reported rental of a small

percentage of their requirements.

—

mosth' computers and other costly

equipment which are not used on a

full-time basis.

Statistics on Instrument Usage

Capital investment in instrumenta-

tion was not gi\ en by about half of

those responding. but the majority of

the remainder reported in\ estments in

the range S 100.000.00 - S500.000.00.

One firm reported investment in

instrumentation as between $5.000.00

and $25.000.00, and five reported

instrument imestment in excess of

$500,000.00. Statistics on annual

maintenance costs was also not well

reported. but several indicated their

annual expenditure to be in the order

of $8,000.00-810.000.00 and one

firm indicated an annual maintenance

e.xpenditure of $100.000.00.

Thirty-five percent of those replx-

ing reported an investment in instru-

ments of over S200.000.00 dvn ing the

past five \ears. and a large number re-

ported in\estment of from $5,000.00-

$50.000.00 o\er the same period of

time. Reco\er\' time for instrument

imestments was long, as might be

expected in this industr\-. The niajor-

it\ of those reporting did not expect

to recover instrument investnients in

less than 9 \ ears. and man\- indicated

much longer recover\- times.
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INTERNATIONAL NEWS

AUSTRÁLIA
SNOWY MOUNTAIN PROJECT.
Progress is reported by the Institution

of Engineers, Austrália.

In the case of tlvee contracts,

assigned in late 1958, lemarkable pro-

gress on the actual work of the con-

tract has been achieved during the

first six months.

Tooma Contract: This contract pro-

vides for the construction of the

Tooma Dam and Tooma-Tumut Tun-
nel together with four small dams to

divert water from secondaiy streams

into the tunnel. The contractor,

Thiess Bros. has opened up the Deep
Creek Adit from which the tunnel

will be driven in both directions. As
at December 31, 1958, excavation of

the adit vvas complete and advances

of 3,100 and 2,100 ft. had been made
upstream and dovvnstream respective-

ly. A drift from the tunnel for the

raising of the Deep Creek intake shaft

had been completed, and 300 ft. of

excavation of a construction drift for

the Tumut heading of the tunnel.

Tooma Dam will be of zoned earth

and rock-fill construction, 230 ft. in

height with a maximum base width

of 1,200 ft. Excavation of the diver-

sion tunnel for the dam is well ad-

vanced with 1,300 ft. out of a total

length of 1,500 ft. completed. Exca-

vation of the abutments and cut-off

trenches of the dam site are well

advanced.

T.2 Contract: This contract vvas

awarded to the Joint Venture of

Kaiser, Perini, Morrison, Raymond. It

is for the construction of T.2 Diver-

sion Dam, T.2 Power Station and the

associated headrace and tailrace tun-

nels.

An extensive construction camp
and housing area is being set up by
the Contractor at the junction of the

Tumut Tiver and 0'Hares Creek
some 5 miles downstream of the

power station site. The direct road

connecting the power station and the

tailrace portal is also under construc-

tion.

The access tunnel to the power
station site has been excavated for a

distance of 2,000 ft. out of a total

length of 3,600 ft. from the portal

tovvards the machine hall.

A construction adit, 500 ft. in

length, to provide access to the down-
stream end of the headrace tunnel

and the surge tank has been com-

pleted, and excavation of the three

miles long headrace tunnel has ad-

vanced 400 ft.

At the downstream end of the tail-

race tunnel, open cut excavation is

in progress and work has commenced
on the tunnel portal.

Tantangara Contract: This contract

provides for the construction of a

concrete gravity dam 150 ft. in height

together with the ten mile long Mur-
rumbidgee-Eucumbene Tunnel. It

was awarded to Utah Aust. Ltd., and
Brown and Root Sudamericana Ltd.

The contractor is driving the tun-

nel from two faces at opposite ends

and, at the end of December, the

Murrumbidgee heading had advanced
3,300 ft. and the Providence heading

3,400 ft. Weekly advances of between
300 and 350 ft. are currently being

achieved at each face. Excavation of

the control shaft at the intake end of

the tunnel adjoining Tantangara Dam
has been completed.

At the dam site, stripping of the

dam foundations is well advanced,

grout hole drilling is in progress, and
grouting of foundations has com-
menced.

Construction of the cofferdam for

the river diversion channel was com-
pleted and the river diverted on the

20th November.
Aggregate and concrete batch plant

is under construction and stripping of

the quarry site from which coarse

aggregate will be obtained is in

progress.

Stripping of the stilling basin is

also in progress.

UNITED NATIONS
SOLAR, WIND AND GEOTHER-
MIC ENERGY development is report-

ed in a United Nations study on new
energy sources.

The report (Doe. E/ 3218), prepar-

ed at the request of the UN Economic
and Social Council, was to be con-

sidered by the Councils session,

México City on April 7.

The progress achieved, says the

study, is the result of efforts by
government agencies, manufacturing

firms, individual inventors, universi-

ties and other organizations in \ari-

ous parts of the workl.

Besides detailing technical and
other developments in use of energy

from the sun, the wind and the earth,

the report puts forward a suggested

agenda for a future intemational con-

ference on new sources of energy.

In a summary of recent develop-

ments, the report says that direct con-

version of solar energy to electricity

by means of solar batteries and by
thermo-electric converters is rapidly

being advanced. Work also continues,

though at a slower rate, on use of

solar energy in steam-raising, air con-

ditioning, refrigeration and water dis-

tillation. Less progress appears to

have been made in developing solar

heat storage, solar engines and use

of solar furnaces for industrial pro-

duction.

A significant feature of recent

developments has been the increasing

attention given to new materiais, such

as plastics, suited for use in solar

equipment.

In the field of wind power, the

past two years have been a period of

"consolidation and of transition from
experimentation to applied research

and commercial use." In underdevel-

oped countries, wind power surveys

have led, in a few cases, to the instal-

lation of the first modem wind power
plants.

The linking of large wind-power
plants to local or country wide grid

systems is being explored, most of the

work on this being done in Europe,

it is noted.

As regards geothermic power (na-

tural steam and hot water) the report

notes that production of electricity

from this soince—limited two years

ago to Italy—is being started in other

countries. The greater interest in

geothermic power is also reflected in

the search for and discovery of new
geothermic fields.

ÍNDIA
WATER UTILIZATION. The chair-

man of the Central Water & Power
Commission, Government of índia,

has recently published a paper on
master piaus for integrated water

utilization (/. Inst. Eng. (índia), v.38,

n.7, pt. 1, 1958). índia has a geo-

graphical area of 806 million acres,

of which land utilization statistics

are available for only 719 million

acres. In 1955 316 million acres were

under cultivation, but only 18% of

this area had irrigation facilities;

about 40% of a further 87 million

acres now classified as 'barren' is

cultivable with irrigation.

There are great contrasts between
flood and drought in the country,

since annual rainfall varies from 5
in. to over 100 in., aocording to re-

gion. (Cherrapunji in Assam gets

some 500 in. of rain a year.) On the
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one hand floods may destioy rich

agricultural áreas, on the other, near-

ly 30% of the laiid has a rainfall of

less than 30 in. a year. At the same
time the growth of population, and

hence the need for more crops, is

exceptionally great. From 362 mil-

lion ia 1951, it is estimated that the

population by 1975 will be 492 mil-

hon. Studies and surveys are pro-

ceeding towards the ultimate devel-

opnient of the necessary irrigation

and water-control projects.

Hydro-Electric Power — The true

potential of India's water resources

for the production of electric power
has to be related to the other aspects

of flood control and irrigation

schemes, and much survey work on

individual sites is involved. However,
current studies by the Central Water
& Power Commission indicate an

economic hydro potential of about

40 million kw. at 60% load factor.

In addition there are large resources

just beyond the northern boundaries

of índia, of which the most spec-

tacular is on the Brahmaputra River,

just inside Tibet, with a head of

about 7500 ft. This could give 30
million kw. at 60% load factor for

the mutual advantage of índia and
China.

Estimated maximum future de-

mands for the whole of índia are (in

mOlion kw.): 1960-61, 4.2; 1965-66,

7.2; 1970-71, 11.1.

Development Costs — It is esti-

mated that the cost of irrigating 50

million acres of land, and generating

and distributing 15 million kw. of

power will total the equivalent of

some $9.6 billion, exclusive of utili-

zation costs. This is based on $64
for storing and distributing water to

irrigate one acre, and $425 to gen-

erate and distribute 1-kw. of hydro

power.

In recent years foreign technical

and economic assistance has contri-

buted to the overall planning for the

water and hydro-electric develop-

ments. The largest aid has come
from the United States, with con-

siderable help also from the United

Kingdom, Canada, West Germany,
and others. Canada has made by far

the largest contribution under the

Colombo Plan. Assistance includes

the provision of equipment and tech-

nical advisers, and of technical train-

ing facilities both in índia and in the

contributing countries.

WATERPROOFING MUD. About
300 million people in índia live in

villages where most of the houses

have mud walls. These are badly

damaged by rains during the mon-
soons. The Central Building Research

Institute has developed methods of

waterproofing and protecting the

mud walls from erosion. One method
uses a plaster of mud and 'cut-back'

(bitumen diluted with kerosene and
paraffin wax); another consists of

painting the normal dry mud wall

with a slurry of cement, hydrated

lime, and fine sand mixed with soap

solution. Cost is said to be within

the reach of the ordinary villager.

U.S.S.R.

SOVIET SPAGE ROCKET. Abstract

of an article by V. Chichakov, M.Sc,

in the Soviet Press.

The Soviet rocket was intended to

fly into outer space and to reach the

second cosmic velocity (11.2 km —
6.959 miles — per second) or to

exceed that velocity. The scientific

apparatus of this huge flying labor-

atory was designed to study some

specific features of outer space and

chiefly that near the moon. These

tasks were stated in the first announce-

ment issued immediately after the

rocket successfully got into the orbit

set by calculation and the instniments.

The rocket headed for the moon,

when the moon was in its "last quar-

ter" phase. At that time the moon
was almost perpendicular to the radius

of the earth's orbit and ahead of the

earth (in relation to the orbital move-

ment of our planet).

The space projectile launched from

the earth consecutively imparted to

each of the subsequent stages of the

rocket an ever increasing velocity,

until, finalh-, the last stage acquired

the velocit}- which until recenth'

seemed fantastic and unattainable and

which, as the calculations have shown,

has enabled this body to move inde-

pendently of the earth, breaking the

fetters of the earth's gravitation. To-

gether with the velocitx" the earth had
at the moment of the rocket's launch-

ing, the imparted velocity^ became
sufficient for the rocket to become a

satellite of the sun which governs the

movement of ali the planets, comets,

and meteoric and other bodies of our

solar s> stem. The rocket passed \ ery

close to the moon (at a distance of

less than two diameters of the moon).

It is this proximity which made it

possible to receive the fullest data on

the magnetic field of the moon and its

radio activity. Ali the otlier scientific

tasks of the space rocket were car-

ried out independenth" of the rocket's

neamess to the moon. These were

general tasks of stud\-ing outer space.

Now the rocket has conipleteb^ estab-

lished itself on its orbit around the

Sun. That orbit is almost circular. It

lies beyond the orbit of the eaitli and

is about four times nearer to tlie earth

than the earth*s closest big planet,

\'enus.

It should be borne in niind that the

Information about the mo\ement of

the new planet will still be amplified,

The impact of the planets of the solar

system upon its moxement will be

studied. More accurate calculations of

the position of the new planet in outer

space are to be made in future.

BRITAIN. This large-screen projector can prevent "radar blindness". Six controllers

are sittíng at a large scale table plan of the airways round an airport as film is

projected from above, by the Kelvin Hughes rapid processing projector, six seconds
after the scene has been picked up by a radar set. Previously, each operator would
have sat at his own cathode ray tube, and fed information to a central control system.

114 THE ENGINEERING JOURNAL—MAY 19S9



Canadian Developments

NEWS OF MAJOR ENGINEERING DEVELOPMENTS IN CANADA

Civil Defence McAvity's 125 Years in Business
Canada's civil defence organization

now has a Consolidated Communica-
tions system stretching from St.

John's, Nfld., to Victoria, B.C., as a

result of circuits established by the

Communications organizations com-
prising the Trans-Canada Telephone
System.

The new National Attack Warning
System was turned over to civil de-

fence authorities on April 1. The
network provides inter-communica-

tion between ali 10 provincial capitais

and 19 other major Canadian cities or

target áreas, as well as the five air

defence command control centres in

Canada. A single control officer can

give or receive messages to ali or any
one of the 34 stations on the system.

Existing long distance telephone

circuits could be utilized when re-

quired. When not in use, they serve

as regular long distance circuits.

Key centre for the 34-point net-

work is at St. Hubert, Que., where
the sénior warning control officer

works closely with air defence com-
mand headquarters. Any alert receiv-

ed by the base is immediately passed

on to the civil defence officer who
can then order the Communications
system energized by alerting The Bell

Telephone Company of Canada at

Ottawa.

Kept abreast of ali new develop-

ments by the air defence command
personnel at St. Hubert, the sénior

warning control officer can then re-

port detailed information to the co-

ordinators at the provincial capitais

or direct to any other city on the

network. In the event of a local

attack for emergency the coordinator

at any point can relay details back to

the control centre at St. Hubert.

While 34 points were established

on the network at the time of the

turn-over, the facilities can be easily

expanded to other centres virtually

anywhere in Canada.

T. McAvity & Sons Limited is

celebrating its 125th birthday in

1959.

The Company, now described as

the second-biggest industry in the

Maritimes (i.e. second to the DOSCO
operation), started in 1834 in Saint

John, N.B., as a hardware and dry-

goods business. It soon branched
into the working of brass for ship

parts needed in the shipbuilding in-

dustry in Saint John.

This early growth was accom-
plished by founder Thomas McAvity
and his six sons. The business is

still a family-owned enterprise,

headed by President G. Clifford Mc-
Avity.

The brass and iron foundries be-

gan modestly, but grew rapidly. In

1879 the first valve was produced.

Now, with 550 employees, the com-
pany is marketing across Canada,
supjílying valves in bronze, iron,

Steel, and aluminum for ali services,

pressures and temperatures. These
products are fabricated in the 10-

acre Saint John plant, along with

fire hydrants, and corporation brass

for municipalities.

The range of products has ex-

panded, steadily and profitably. The
largest expansion has been seen

since World War II.

This adaptability has been of spe-

cial service in the pulp and paper

field. Metallurgical research and
technical control of alloys allowed

the company to provide high-nickel

alloy castings and nickel-containíng

stainless steel cast valves able to

withstand acid conditions occurring

in that industry, and in others.

Extending applications for special

purposes, McAvity entered the atom-

ic energy field, to design, de\'elop

and manufacture special stainless

steel valves of a type not pie\iously

made in Canada. They are used in

the NRU reactor, the Canada-India

reactor, and the current NPD pro-

ject. Pressure ratings vary from low
to 1,750 p.s.i., and temperature con-
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ditioiís lia\c- ])cc\\ known to reach

550°F.
McA\it\- products will be found as

far west as \' ancomer, iised in the

fields of general contracting (build-

ings), numicipal contracting (water

and sew age s> stems), pow er develop-

ments, shiphuilding, mining, plumb-
ing and heating, rail\va>'s, and the

petroleum industry.

The phint in Saint John inclndes

brass, iron and ahiminnm foundries,

as well as niachinc and assembly

shops.

In the iron fonndry, castings

weighing up to 1,200 ponnds are

produced regularly, vvhile occasion-

Foreign Trade Service

As part of the efforts of the De-
partment of Trade and Commerce to

promote trade between Canada and
other conntries, a series of booklets

is being produced providing up to

date information on trade opportuni-

ties in various áreas.

The basic material is compiled by
a Trade Commissioner in the territory

concerned, and the booklets are de-

signed for distribution to interested

Canadian manufacturers and export-

ers.

Copies are available from the

Foreign Trade Service, Ottawa, on
request. Venezuela, Rhodesia, Nyasa-
land, and Ireland have been dealt

with in the series.

B.C. Budget for 1959

From the British Columbia budget
presented in February to the legisla-

ture, these items can be noted.

The Pacific Great Eastein Raihcaij:

Having extended its regular passenger
service last October to Dawson Creek

ally a casting weighing as much as

4,000 Ib. has been produced. Mech-
anization of the foundry has been

undertaken vvhen necessary. New
foundry installations handle over 70%
of output.

Branch offices and warehouses are

located in Montreal, Toronto, Win-
nipeg and Calgary, and there are

resident representatives and salesmen

at strategic points across Canada, as

well as distributors and jobbers. A
Western manufacturing plant, T. Mc-
Avity and Sons (Western) Limited,

Medicine Hat, Alta. is manufacturing

fire hydrants, valves, and water

works specialties.

and Fort St. John, the PGE railway

made a substantial operating profit in

1958. Allowance was made in the

budget for further improvement re-

quired in the line to handle the in-

creased traffic.

British Columbia Toll Highwaijs: The
Deas Island timnel, forming part of

the Fraser delta system, is expected

to be in operation by the middle of

1959. Work has started on the high-

way connecting the Deas Island tun-

nel with the Oak Street bridge.

The Forest Industry

British Columbia's forest industry is

experiencing a "surplus market con-

dition" for its products because de-

niand "has not yet fully materialized"

for the output of its expanded mills.

President Peter T. Sinclair of

Crown Zellerbach Canada Limited

made this statement recently. He
called for the utmost vigilance in

1959 in resisting operating cost in-

creases and for more vigorous market-

ing activities.

RCAF Anniversar>'

This year the RCAF celebrating

its 35th anniversary, has these mile-

stones to recall.

Formed on April 1, 1924, it grew
from 323 members to 906 in eight

years.

Reduced in membership and oper-

ation during the depression, during

World War II the RCAF grew from

4,061 men and a handful of out-

dated aircraft to a force of 206,000
men equipped wdth craft of the la-

test training and operational tApes.

The RCAF reverted to a peace-

time footing. The few uníts retained

resumed the prewar activities of

aerial photography and air trans-

port, including mercy flights. There

was a search and rescue organization

fulfilling the commitment to Inter-

national Civil Aviation Organization.

The RCAF received its first jets

in 1948, Vampires.

The RCAF transport element, as-

sisting UN Forces in Korea, flew

600 round trips, to Japan, carrying

personnel and freight.

The RCAF undertook training of

aircrew for other NATO nations and
Canada contributed a 12-squadron

air division for NATO's integrated

forces in Europe.

1953 saw the CF-100 go into

squadron service with the RCAF for

dut\ with Air Defence Command.

Emphasis placed on early warn-

ing and interceptor control system,

produced in 1954 the Pineti-ee Line,

jointl\- built. The t\\o other \\arning

lines went into operation in 1957.

An early 1959 announcement said

the DEW line operational positions

were to be manned by the RCAF.

Today the RCAF operates 40 reg-

ular force and auxiliary squadrons,

21 of them being regular force fight-

er and interceptor units. In Canada,

nine CF-100 all-weather squadrons

are on round-the-clock guard, and
overseas four CF-100 and eight F-S6

squadrons are serving with N.\TO.

On this continent. under NOR.\D.
the RCAF and the USAF operate

as one to protect North American

airspace, while retaining their indi-

vidual identities. Three squadrons

equipped with Argus and Neptune

aircraft are protecting the coast lines

east and west.

The introduction of the BOMARC
missile and SAGE into the Canadian

air defence s>"stem brings the RC.\F
to the "doorstep of the missile age".

Chute-des-Passes. A milestone on the Aluminum Company of Canada Ltd., 1,000,-

000-hp. Chute-des-Passes power project in Northern Quebec was successfully passed
when explosives shattered a 30,000-ton rock plug and dropped the pieces into a pit

dug out of the tunnel floor below. Removal of the plug cleared the way for water
from the reservoir to enter an intake tunnel. There a temporary concrete barrier
behind the control gates prevents premature flooding of the six-mile long power
tunnel which will deliver water to electric generators in an underground power-
house sometime in August.

What Goes On
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Concrete Pipe Specifications

There is a new revision to the

A.S.T.M. specification designated as

C76-57T for reinforced concrete pipe

conduits. D. H. Perkins, managing
director, Ontário Concrete Pipe As-

sociation, commented on this recent-

ly, and information is available from
his office at 60 Harbour St., Toron-

to 1, Ontário.

Oil Transportation Study

Cost of transpoi-ting Alberta vis-

cous crude oil by pipeline may be
favourably affected by a study being

made by Alberta Research Council

scientists.

Some Alberta oil which tends to

adhere to the pipe wall requires

high-cost pumping power. But pilot

model tests, and computations, show
that if water is introduced into a

viscous oil pipeline, it forms a mov-
ing layer between the oil and the

pipe wall. The oil is transported in

a moving pipe of water, or in a "lu-

bricated" pipe, and therefore needs

less power. The water, with a rela-

tively low viscosity, occupies the

region of maximum frictional resist-

ance at the pipe wall.

Further tests with the small scale

pipeline may be followed by field

tests in co-operation with an oper-

ating pipeline company.

Air Control

The Department of Transport's

most recently established area con-

trol centre is located at Goose Bay,

Labrador. Its purpose is to provide

traffic control service to aircraft,

civil and military, which operate in

the north-easterly latitudes.

Goose Centre works together with

the RCAF, who operate approach

control and tower units, to provide

traffic control service. It also pro-

vides control services to aircraft

which operate on a controlled airway

originating at Gander, Nfld., and
terminating at Frobisher, N.W.T. In

addition, oceanic control service is

provided for the area between Green-

land and Labrador.

Halífax Redevelopment

The housing project at Mulgrave
Park, in Halifax, is described by Earl

A. Levin, in the January issue of

Habitat as "part of a redevelopment

program which may be the most im-

portant experiment in urban redevel-

opment so far undertaken by any
Canadian city." The full program in-

volves not only housing of 350 fam-

ilies at Mulgrave Park, but redevel-

opment of a part of the city's busi-

ness district, with financial assistance

from the Federal Government under

the National Housing Act.

The area to be vacated and later

redeveloped contains a mixture of

rundown commercial and residential

buildings, covering about teu blocks

of the business section. The 351
dwelling units will be contained in

two eight-storey apartment blocks,

one four-storey walk-up, and the bal-

ance in three-storey buildings con-

taining apartments and maisoncttes.

The final form of the commercial re-

development has not yet been deter-

mined. Cost of acquisitíon and clear-

ing of land will be shared by Halifax

and Federal governments.

B.C. Forest Survey

The British Columbia government
Forest Service has produced and
published a report, "Continuous For-

est Inventory of British Columbia",

which gives some new statistics of

interest to government and to the

forest industries.

In the provínce forestry is the pri-

mary industry, accounting for 40 per

cent of the economy, and dedicated

to sustaíned forest production.

The 118 million acres of commer-
cial forests is equal to the total com-
mercial forest area of the twelve

western states of the United States.

Today, the government reports,

the concept of sustained-yield is the

industry-wide concept of operation,

with more than 5 million acres of

productive forest land managed by
private industry. The Crown man-
ages another 32 million acres.

Industry and Education

Evidence of the increasing inter-

est of industry and commerce in

higher education is observed by the

Industrial Foundation on Education

(170 University Ave., Toronto 1).

The giving plans of companies

have been analyzed, with the cooper-

ation of the companies, and a report

is available. It will serve as back-

ground information for the guidance

of any companies interested in set-

ting up new, or modifying existing,

programs of financial assistance to

higher education.

The 127 companies reporting rep-

resent a fairly complete cross-sec-

tion, and provide over fifty per cent

of the total amounts contributed di-

rectly to universities by industry

and commerce in 1957.

Of the total grants contributed to

higher education in the survey group,

the allocation to capital expenditure

and unrestricted use represented the

largest proportions—58.5% and 14%
respectively. Other allocations were:

student aid, 10.1%, special applica-

tions, 6.1%, research, 5.1%, and
scholarship supplementary grants,

4.3%.

With the number of employees used

as a measure of company size, the

average amounts of grants of ali

companies was found to be $15.00

per employed person.

Copies of the report can be ob-

tained from the Foundation at cost

of $2.00 each.

Microwave link. Reflectors now completed at Cape North, N.S., and Red Rocks,

Nfld., by Canadian National Telegraphs are part of the link to go into service in

June, bringing Newfoundland into the cross-Canada microwave network. The system
will provide three channels of communication into Newfoundland from the main-
land, one each for Canadian Broadcasting Corporation television programs, for

C.N.T. telephone and telegraph service, and for use as a standby. In the opposite

direction, there will be one channel for commercial traffic and one standby which
can be used for TV on occasion.
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Month to Month
News of the Institute and the Profession

COMMENT

CORRESPONDENCE

ELECnONS

AND TRANSFERS

CONFEDERATION
There have been no developments

since the report which appeared in

the April Journal. However, a com-
prehensive leport is shown in the

annual report of the Institute which
has been printed and circulated to ali

members.

R.C.E. Corps Reunion
There will be a "once in a Hfetime"

Dominion wide reunion of the Corps

of the Royai Canadian Engineers in

Toronto on June 12, 1959. This is an

officers' reunion, and a testimonial

dinner to the Colonel Commandant,
Brigadier J. L. Melville, C.B.E., M.C.,

CD.
Information can be obtained from

W. K. Clawson, P.O. Box 217, Sta.

K., Toronto.

The date has been arranged to tie

in with the E.I.C. annual meeting in

Toronto when many Sappers will be
on hand.

Another event is the D-Day Ball, of

the Officers Wives Auxiliary, 2 Field

Engineer Regiment, R.C.E., on Thurs-

day, June 11, 1959.

President's Tour
President Kenneth F. Tupper, con-

tinuing his tour of the Branches,

visited Cape Breton on February 13.

In the photograph; William Dodson,
branch chairman, Dr. Tupper, past

chairman Vince Palmer, and Council-

lor M. R. Campbell.
Eighty members and wives and

friends attended a dinner held on
this occasion.

Annual General Meeting, E.I.C.

Notice is hereby given, in accordance with the by-laws, that the armual

general meeting of the Engineering Institute of Canada for 1959 will be
convened in the Concert Hall of the Roval York Hotel. Toronto, Ont., on

June 8, 1959, at 10.00 a.m.

Elections and Transfers
A number of applications were pre-

senteei for consideration and on the recom-
mendation of the Admissions Conimittee,
the following elections and transfers were
effected at a Meeting of Council on March
21. 1959.

Member: M. L. Bassan, Montreal; B. R.
Boardman, Toronto; O. Brody, Montreal;
J. F. Godsell, Saint John; Harris-Lowe,
Queenston; G. J. Hebert, Cap de la Made-
leine; R. W. Karle, Brazil; M. O. Kellogg,
Toronto; J. Leitersdorf, Hamilton; R. F.
McCune, Montreal; D. J. McDougall, Mont-
real; T. J. F. Pavlasek, Montreal; H. R.
Switzer, Montreal; J. C. Thompson, Mont-
real; E. W. Weaver, Sudbury.

Júnior: A. H. Banani, Ellíot Lake; D. L.
Bertrand, Sherbrooke; D. G. Quinlan,
Sorel; A. D. Taylor, Sault Ste. Marie.

Júnior to Member; W. N. Brown, Que-
bec; C. A. Dagenais, Montreal; W. D.
Dawson, Montreal; M. B. Ferman, Mont-
real; J. Granger, Montreal; A. G. Hoyt,
Trenton; S. Narvey, Toronto; J. M. Ros-
borough, Temiskaming.

Student lo Júnior: J. M. Robic, Montreal;
D. Rudberg, Montreal.

STUDENTS ADMITTED

University of Toronto: B. L. Allan, G. N.
Bird, D. E. Blachford, G. C. Bonham,
E. C. Budicky, D. B. Coveney, J. H. R.
Crumb, I. G. Cumming. W. D. Farwell,
J. I. Fisher, J. F. Green, R. G. Hanna-
ford, W. R. Hayworth. R. M. Herod, M. K.
Ho. D. M. Kaminker, G. A. Look-kong,
V. Lum, W. H. Mak. F. J. Reinders, S. B.
Urving, P. Woon.

Nova Scotia Technical CoUege: S. M.
Bishop, W. J. Campbell, W. Chan, B. J.

Cutcliffe, H. K. Giddens. D. L. Green-
wood, R. G. Hache, E. A. Hachey. Y. K.
Leung, R. L. McClare, A. N. S. 0'Rourke,
D. J. Skinner.

Saint MarY's University: P. B. Carroll,
M. P. Chan, D. J. Chiasson. A. K. Con-
nors, J. G. Flemming, G. W. Hill, F. G.
Mason, H. A. L. McGuire, J. V. Nolen,
G. P. Fothier, R. L. Sheehan, R. E. Way-
land.

Lavai University: R. Caron, R. Doucet,
M. Garon, G. Lamontagne, C. Martel,
P. Michaud, R. M. Pelletier, A. Thivierge.

University of New Brunswick: D. W. Betts.
J. J. Gorman, N. M. Hoyt, G. R. Marquis.
A. Venczel.

University of British Columbia: C. G.
Meckling, W. S. Rodenchuk. L. J. Trabert,
R. V. M. Zahar.

University of Maniloba: A. Boychuk. G. G.
Duncan, B. K. Stinson, T. M. Syposz.

University of Alberta: T. R. Horn. R. W.
Patterson, H. G. Tym.

McGill University: F. J. Miller, A. Robin-
son.

St. Francis Xavier University: T. P.
Kieser, M. A. Pettigrew.

Mount Allison University: T. Havas.

Cambridge University: C. D. Thompson.

University of Saint Joseph: V. Leger.

Student of A.P.E.O.: A. Gonnsen.

University of Toronto: H. B. Lett, M. A.
Mann.

Application through Association
By virtue of the co-operatíve agreement

between the Institute and the Associations
the following elections and transfers have
become effective.

SASKATCHEWAN
Members: F. D. Hamblin, R. Hood, B. D.
Olafson, W. Stemmler. J. J. White;
Juniors: F. J. Bonser. A. W. Cliteur, G. E.
Cunimings. E. H. Gerretsen; Júnior to
Member: D. B. Dundee, M. Kesmarky.
E. M. Misfeldt. J. B. Street; StuderU to
Member: J. W. MacNeill; Student to
Júnior: N. J. Antaya. B. L. Kilpatrick.
J. E. Loveckv. D. E. Mortin: Students:
R. A. Baumgartner, K. A. Birch, D. G.
Charrett, A. Jmaeff, R. G. Lightfoot, D. J.

McCuaig, W. Nemanishen, P. A. M. Poli-
quin. S. M. Quilty. K. J, Serdula, R. S.
Sins (Miss). W. A. Tapviska.

NEW BRUNSWICK
Member: J. J. Pader.
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SEVENTY THIRD

ANNUAL GENERAL AND PROFESSIONAL MEETING

OF

THE ENGINEERING INSTITUTE OF CANADA

JUNE 8, 9, 10, 1959 ROYAL YORK HOTEL TORONTO, ONT.

RECISTRATION
Advance registration through E.I.C.

Headquarters closes May 23.

Registration opens 3:00 p.m. June 7,

and continues at 9:00 a.m. June 8, 9 10,

1959.

ACCOMMODATION
The Royai York Hotel is headquarters,

with 500 rooms reserved for E.I.C. mem-
bers and guests.

TECHNICAL PROGRAM
The technical program is h'sted on the

follovving two pages.

LADIES' PROGRAM
There s promise of a "new and dífferent"'

program of activities for the ladies at-

tending the meeting; also:

9.30 a.m. daily, Ladies' Coffee Hour
9.30 a.m. Tuesday, Engineers' Wives

Meeting.

TORONTO DIARY

Events for ali four days at the Ro\al

York Hotel are listed on the back pago

of this program.

• • •

COMMITTEE
Chairman:

Vice-chair:

Sec-treas:

Entertainment:

Finance:

Meeting Arrangements:

Plant Visits:

Publicity:

Reception:

Transportation:

Technical Papers:

E. R. Davis

M. P. Whelen

G. F. R. Norton

W. A. Bentley

C. E. Potter

H. B. Tryhorn

G. F. R. Norton

H. Fealdman

D. D. Whitson

C. Macinnes

B. Hardcastle

Convenor, Ladies Program: Mrs. A. C.

Davidson

Chairman, Toronto E.I.C. Wives Auxil-

iary: Mrs. W. L. Hutchison.

Pleose rttid the follotvin^ three pafses
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TECHNICAL
MONDAY, JUNE 8

1:30 p.m.

Hydraulic Problems in Connection with
St. Lawrence River

H. W. Lea

First Cyclone-Fired Boilers in Canada and
some Aspects of their Early Operation

E. K. Akin

Head-Loss Coefficients for Niagara Water
Supply Tunnels

J. B. Bryce; R. A. Walker

2:30 p.m.

Design & Erection Features of the Vertical

Lift Bridges for the St. Lawrence Seaway

W. G. H. Holt

A Gas Turbine Power Plant for Locomotivas

D. C. McPhail

Photography & Electronics as Tools in

Hydraulic Work

K. W. Gent; I. W. McCaig

ANNUAL MEETING, 1959

3:30 p.m.

Backwater Computations for the

St. Lawrence River Project—Part I

—

Hydraulic Engineering Aspects of Computation

—

H. M. McFarlane ,

The Use of Fly Ash in Concrete

I. Mustard; C. Macinnis

A Method of Determining Power Potential

of Rivers with Many Reservoirs & Power Plants

G. S. Cavadais

4:30 p.m.

Backwater Computations for the St. La\\Tence
Seaway Project—Part II—Calculations on the

Ferranti Digital Computer

—

C. C. Gotlieb

Voluntary Standards — Vital to Progress

J. A. Reid

Tests of Hydraulic Turbines — An Appraisal

J. J. Tiaill

TUESDAY; JUNE 9

9:00 a.m.

Normal Mode Analysis of Beams of Non-uniform
Cross-section

S. Ranta

Precast Concrete as an Aid to Winter Consti-uction

C. R. Ciocker; A. W. Smith

A Study of the Hazards of Electric Shock
(with particular reference to 60 cycles)

A. R. Moise

10:00 a.m.

Some Considerations in Steam Power Plant Design

A. G. Christíe

Littoral Drift in Lake Ontário Harbours
R. J. Kennedy; A. Brebner

Magnetic Amplifier Control for Reversing
Hot Mill Auxiliaries

R. L. Duke: L. R. Hulls

11:00 a.m.

Electro-Hydraulic Go\ ernors at Beechwood
Generating Station

P. G. Fazzari; G. H. D. Ganong
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P R o G R A M

Experimental Studies of the Effect of Blasting

on Structures

A. T. Edwards; T. D. Northwood

Ednonton Installs Canadas First Oil-filled

Pipe Cable S/stem

C. Z. Monaghan; W. J. Pardy

2:00 p.m.

Headquarters Computation Centre for

Ontário Hydro — A Symposium

W. H. Sanders; S. J. Crossman; J. Rywak; H. R. Davis

2:00 p.m.

Design & Construction of Whitedog Falis and
Caribou Falis Generating Stations

N. St. Claire Haines

3:00 p.m.

Silver Falis Generating Station

P. R. Stratton; C. T. Bath

River Control in the International

Rapids Seetion — The St. Lawrence Power Project

K. A. Henry

4:00 p.m.

St. Lawrence Power Project — Rehabilitation

J. H. Jackson

7.00 p.m.

138 KV Undersea Cable Across Geórgia Strait

T. Ingledow

Engineering For Export

R. A. Frigon

Processing of Low Grade Iron Ore Using
Natural Gas or Petroleum

P. E. Cavanagh

3:.30 p.m.

Graphite in the World Nuclear Power Program

The late Sir Claude Gibb (presented by H. B. Topham)

THE ENGINEERING JOURNAL—MAY, 19S9

WEDNESDAY, JUNE 10

9:00 a.m.

Special Features of the Brandon Generating Station

A. C. Blue; W. P. London; E. M. Scott; P. A. Pasquet

"^he Interconnected Power Systems of

Nova Scotia and New Brunswick

G. D. Mader

Geological Features & Foundation Treatment
at the Beechwood Development

J. D. Mackenzie; E. L. Brown

10:00 a.m.

The Humber Sewage Treatment Plant,

R. L. Clark

Industrial Uses for an Auxiliary Low Frequency
Power Supply

G. L. Tiley; E. Oldfield

Beauhamois No. 3 Construction & Development
Y. deGuise; C. Forest

11:00 a.m.

Development of Water Resources in Ontário

A. E. Berry

TORONTO, JUNE 8, 9, 10

The Development of an Electric Detector of

Flaws in Paper

M. P. MacMartin; N. L. Kusters

Economics of Byproduct Power Development
W. P. London; W. M. Newby

2.30 p.m.

Economic Aspects of the Seaway —
A Panei Discussion

E. W. Kierans; R. Vaillancourt; P. Camu;
H. Massue; D. KeiT

Preprints of many of the above papers are available

from Headquarters, 2050 Mansfield Street, Montreal,
at a cost of 50 cents per paper.
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MEETING

SUNDAY, lUNE 7

9:30 a.m. Education Conference

(Deans) Branch Officers'

Conference

10:00 a.m. Council Meeting

12:30 p.m. Joint Luncheon, ali confer-

ences

2:00 p.m. Continuation of Conferences

3:00 p.m. Committee on Technieal

Operations

8:30 p.m. Atomic Energy Film

TUESDAY, JUNE 9
7:45 a.m. Authors' Breakfast

9:30 a.m. Professional Development

Committee

10:00 a.m. New Council Meeting

10:00 a.m. Consulting Engineers, Direc-

tors

11:30 a.m. Professional Development

Lunch
2:00 p.m. Professional Development

Fórum
2:00 p.m. Students' Conference, cont'd.

2:00 p.m. Plant Visits

2:30 p.m. Consulting Engineers, An-

nual General Meeting

7:00 p.m. Consulting Engineers, An-

open to ali.

9:00 p.m. Muriel s Room, Refreshments

9:30 p.m. Cabaret—entertainment

MONDAY, JUNE 8

9:30 a.m. Education Conference con-

tinues

10:00 a.m. Annual General Meeting

12:00 noon Muriers Room

12:00 noon Authors" Luncheon

2:00 p.m. Students" Conference

3:30 p.m. Policy Committee

6:30 p.m. Reception MuricKs Room

7:00 p.m. Dinner

9:00 p.m. Open House

WEDNESDAY, JUNE 10

7:45 a.m. Author's Breakfast

9:00 a.m. Joint ASME-EIC Interna-

tional Council

12:00 noon MurieKs Room, Refreshments

12:30 p.m. Luncheon, prizes and medals

2:30 p.m. Facult>' .\dvisers" meeting

6:30 p.m. MurieFs Room, reception

7:30 p.m. Annual Banquet

After Banquet—informal reception

10:00 p.m. Annual dance

10:00 p.m. Open House, Muriel s Room

THE ENGINEERING INSTITUTE OF CANADA:
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

ONTÁRIO
President McQueen Comments. From
"The Professional Engineer" March,
1959, an abstract.

"We cannot HELP but continue with the

building both of ourselves and our pro-

fession." They, of course, go hand in

hand, because if we enlarge on our own
capacity for life we automatically build

and e.xtend the engineering world which
is so dear to us.

Twenty-five years ago the aim of the
A.P.E.O. was to have ali engineers be-

come niembers of the Association and so

be licensed to practice under tlie Act.

It may be said that this objective has
now been achieved. The present task of

the A.P.E.O. is to make their niembers
act like professional people. We must
grasp clearly the essential features of

Professional conduct. Our code of ethics

is excellent but on examination it can
hardly be said to require more of us than
a standard of performance. If we con-
tinually build ourselves, developing our
essential integrity and that inner some-
thing which is in each of us, we must go
beyond the simple requirement of the

Code. The mainspring of professional be-
haviour is, in part, simply love of one's

work, so that our best is freely given, and
in so doing, deep pleasure and satis-

faction is obtained.

QUEBEC
Officers Elected
W. j. RiLEY P.Eng., of Montreal, was
elected president of the Corporation of

Professional Engineers of Quebec at the

Annual Meeting held at the Chateau
Frontenac, Quebec. He succeeds Guil-

laume Piette, P.Eng., of Quebec City.

J. G. Chenevert, P.Eng., Montreal Con-

sulting engineer, was elected vice-presi-

dent and O. S. Gislason, P.Eng., of

Arvida, was made honorary secretary-

treasurer of the Corporation.

New members elected to the Corpora-
tion's Council are: Gilles Sarault, P.Eng.,

Consulting engineer of Quebec City, A. J.

Groleau, P.Eng., Area Plant Manager,
The Bell Telephone Company of Canada,
Montreal, and H. J. Racey, P.Eng., con-

sulting engineer of Montreal.

Other councillors include Arthur
Piche, P.Eng., Guillaume Piette, P.Eng.,

immediate past president, of Quebec
City, and G. N. Martin, P.Eng., of

Montreal.

William J. Riley is chief engineer of

Sperry Gyroscope Company of Canada
Ltd.

Born in Chicago, 111., he received ali

of his education in Montreal. Mr. Riley

W. J. Riley, P.Eng.

graduated from Loyola College High
School in 1937, and entered McGill Uni-

versity's engineering faculty where he

remained until 1940 when he answered

the call to arms. During the war years,

Mr. Riley served with the Royai Can-

adian Artillery in England and North

Western Europe and retired with the

rank of captain in 1945. He was awarded
the Military Cross and the Canadian

Forces Decoration. He retumed to McGill

in 1945 and in 1948 obtained a degree

of bachelor of engineering with honours

in Mechanical Engineering.

He joined International Harvester

Company Ltd. as product engineer re-

sponsible for the design of engines in

the company's truck division of Chatham,
Ont.

In 19.50, he joined Canadian General

Electric Company at Montreal as quality

control engineer and the following year

was made divisional engineer of the

Montreal works. He was promoted in

1952 to the post of manager, engineer-

ing, of CGE's Montreal works and the

same year he became assistant works

manager.
In 1953, he joined Sperry Gyroscope

(Ottawa) Ltd. as works manager and re-

mained there until 1955 when he was
called to the Montreal plant as chief

engineer of Sperry Gyroscope Company
of Canada Ltd.

In his present position, he is responsible

for development engineering, product en-

gineering and quality control in con-

nection witli instnnnentation and con-

trols.

Mr. Riley is a councillor of The Engi-

neering Institute of Canada, a member
of the American Management Associa-

tion, The Canadian Aeronautical Institute

and the Society of Automotive engineers.

Until last year, he was a member of

the Canadian militia and retired to the

supplementary reserve with the rank of

major.

ALBERTA
Registrar Appointed
The Association of Professional Engi-

neers of Alberta appointed Ivan G. Fin-

lay, P.Eng., registrar of the Association.

It is the íirst thne the position is to be
filled by a full time appointee.

Mr. Finlay was born and educated in

Alberta, graduating from the University

of Alberta in 1950 with the degree of

Bachelor of Science in Electrical Engi-

neering. He subsequently joined the Elec-

trical Inspection Branch of the Province

of Alberta and in 1954 was appointed

assistant chief electrical inspector. In

1956 he was promoted to the position of

chief electrical inspector.

He has been active in technical affairs

and is a member of the executive of the

Edmonton Branch of the Engineering

Institute of Canada. He is also a mem-
ber of the Edmonton Electric Club and
the International Association of Electrical

Inspectors.

Annual Meeting

The annual meeting of The Association

of Professional Engineers of Alberta took

place in the Palliser Hotel, Calgary on
April 3rd, 1959.

Technical papers on the program were:

"The Impact of New Developments in

Chemistry" by Dr. P. E. Gishler; "New
Developments and Applications in Phy-
sics" by J. M. Dewey; "Advances in

Mathematical Techniques and the De-
velopment of High Speed Computers"
by Dr. R. G. Racicot; "Social Implica-

tions of Recent Scientific Advances" by
Rev. F. S. Morley, and "The Engineer

of the Future" by John H. Fox.

Engineer-Senator

J. A. BucHANAN, P.Eng., has been ap-

pointed .\lberta's new senator.

Mr. Buchanan came to Edmonton in

1910 after graduating in civil engineer-

ing from the Universit>' of Toronto. He
was a surveyor, and later entered the

consfruction field. In 1931 he organized

the Buchanan Construction Co. Ltd., of

which he is president.
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OBITUARIES
The siimpathy of the Institute is extended to the relatives

of those whose passing is recorded here.

James A. Dick, m.e.i.c. died on January

20th, 1959.

He was born on Jiily 27, 1882 in

West Calder, Scotland.

From 1906 lintil 1938 he was mainly

employed in railway and contracting

enginecring in Ontário and with the

Gatinoau Power Company in Ottawa.

During the war he was assistant

director of civil engineering maintenance

for Department of National Defence

(Navy) retiring as director from that

position in 1954.

Edward Ponsonby Corner, m.e.i.c. of

Kenogami, Que., died on January 6,

1959.'

Born on March 10, 1888, in Georgc-

town, British Guiana, he received his

training as a mechanical engineer in

Glasgow, Scotland. In 1919 he was sent

to the British West Indics by Fawcett

Prestou where he was the agent for

sugar machinery.

He carne to Montreal during 1930
where he was Quehec representative for

Hamilton Gear and Machine Co. Ltd.

until his retirement in 1954. Afterwards

he was employed as gear specialist with

the Canadian International Paper Co.,

at Kenogami, until 1956.

John A. MacArthur, m.e.i.c. died on
December 11, 1958.

He was born April 15, 1902 in Glas-

gow, Scotland and received his B.Sc.

degree in engineering from the Univer-

sity of Glasgow in 1924.

Mr. McArthur came to Canada in

1929. He joined the Abitibi Power and
Paper Company Ltd. at Fort William,

Ont., after varied experience with chemi-
cal, engineering and shipbuilding work.

From 1944 he was connected with
Sherbrooke Machineries Ltd., Longlac
Pulp and Paper Company Ltd., in To-
ronto, and with the Stadler, Hurter and
Company of Montreal.

In 1954 he founded his own Con-
sulting firm with Alfred Malkin in

Montreal.

Gordon Wesley Parkinson, m.e.i.c, chief

of the PFRA design division, died on
January 23, 1959.

Born at Mount Sicker, B.C., he
graduated from the University of Saskat-

chewan in 1929 as an engineer, and
later received his master's degree at

LeHigh University in Bethlehem, Pa.

After working for various construc-

tion firms, he became instructor on the

staff of the Saskatoon technical school

from 1936 until 1939, later becoming
lecturer and assistant professor at the

University of Saskatchewan.

During the Second World War, he
carried out research work for the Na-
tional Defence Department in connec-

tion with floating docks and airfields

built of ice. In 1946 he left the Univer-

sity to join the PFRA. His most impor-

tant work there was in the South Saskat-

chewan River project for which he was
in charge of engineering design.

Walter C. Griesbach, m.e.i.c, consult-

ant engineer for the Foundation Com-
panv of Canada Limited, died Februar\'

16,
'

1959.

He was born in Collingwood, Ont.,

on July 23, 1891. He graduated from
Queen's University in 1912 with a B.Sc.

degree in civil engineering.

FoUowing his graduation he became
assistant engineer with the Department
of Public Works of Canada, and in 1918
joined the Foundation Company of

Canada with whom he was chief en-

gineer until 1958.

He was awarded the Gzowski Medal
of the Engineering Institute, and was
the inventor of the multi-cylinder

pneumatic caisson.

Joseph Henry Bower, m.e.i.c, died on
January 1, 1959 in Toronto.

He was a graduate of the University

of Toronto in 1914 with a B.A.Sc, de-

gree.

He was at one time secretary to the

Hydro-Electric Enquiry Commission, and
in 1949 he became superintendent to

the hospital for sick children in Toronto.

He retired from this position in 1957.

R. G. Smalley, m.e.i.c, died in Vancou-
ver, B.C. on September 13, 1958.

He was born in London, England on
November 21, 1907 coming to Canada
in 1910 and to Vancouver in 1930. He
worked with Wilson Engineering Corp.,

Cambridge, Mass., and studied structural

engineering.

He joined the Western Bridge & Steel

Fabricators Ltd., in 1938 as assistant

chief draughtsman. He was chief

draughtsman from 1951 until the time

of his death.

Earlier he had worked in structural

engineering at Port Arthur, and with

other organizations in \'ancouver. He
held a commission in the R.C.N.V.R.

John A. Shaw, m.e.i.c of Hudson Heights
Que., retired C.P.R. engineer, died on
December 29, 1958.

He was a graduate of McGill Univer-
sity in 1899 with a science degree in

electrical engineering. He worked for

the Montreal Light, Heat and Power
Company as assistant for the next five

years.

In 1904, he joined the Canadian
Pacific Railway Company and in 1915
was appointed general electrical engi-

neer for die company. His subsequent
duties included the supervision of mech-
anical installations in company plants and
office buildings. He retired in 1946.

Joseph Nicholas de Stein, m.e.i.c. died

on January 19, 1959, in Regina, Sask.

He was born in St. Petersburg, Rússia,

on August 28, 1880, and received his

engineering degree in Geniian>-, at

Stuttgart Uni\ersit\-.

In 1905 Mr. de Stein joined tlie Grand
Trunk Pacific Railway in Canada. About
1920 he established his own business,

now known as the Western Drafting

and Blue Printing (\\'estem Branch)

Instruments Ltd., in Regina, Sask. He
retired from the firm in 1951.

He was a member of the Regina town
planning commission when it was fomied
in 1930.

Dr. John \. Stiles, o. b.e.,m.e.i.c, died in

Ottawa on Xovember 29, 1958. Since

1919 he worked witíi the Bo\- Scout

Mo\ement, first as assistant Dominion
commissioner. He was appointed Do-
minion commissioner in 1930. He retired

in 1946 as chief executi\e commissioner.

A graduate of the LTniversit>- of

Toronto, he was awarded the O.B.E. in

1935 and in 1946 was honoured with

die degree of Doctor of Science b\

U.N.B.

'

His work before 1919 was that of

dean of applied science at Uni\'ersit\- of

New Brunswick.

P
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John JeíFery Hanna

PRESIDENT

THE ENGINEERING INSTITUTE OF CANADA

1959 - 1960

JOHN JEFFERY HANNA, M.E.I.C., of Calgary, Alberta, president-elect of

The Engineering Institute of Canada is an engineer who has been associated

vvith Alberta's oil industry for over thirty-five years.

Mr. Hanna is a graduate of the University of Toronto, having received the

B.A.Sc, degree in civil engineering in 1914. His work has been continually

iir the West since he joined the engineering department of the City of Calgary,

in 1914.

He served with the Canadian Engineers in the Expeditionary Force, from

1914 to 1919, attaining the rank of Captain.

Returning then to work for the City of Calgary, he was assigned special

engineering work for two years on natural gas and general engineering. Then
during 1920 and 1921 he was resident engineer for the City on the Hillhurst

Bridge.

Mr. Hanna was with the Lethbridge Northern Irrigation District in 1921,

and was resident engineer on the Old Man River flume.

His service for Imperial Oil Limited at Calgary Refinery was accomplished

in the positions of construction engineer, mechanical superintendent, assistant

refinery manager, and refinery manager.

Mr. Hanna's membership has been a considerable asset to the Institute and
particularly to the Calgar\' Branch. He has served on many committees, as

chairman and as councillor. \\'ith his membership dating from 1917, he is one

of the most interested and best informed members of the Institute.

The Association of Professional Engineers of Alberta has received his support

as a member of council, as vice-president and as president. He was its repre-

sentative to the Dominion Council in 1955.

Mr. Hanna has actively participated in student guidance and educational

reform for many years in Alberta. For both the Calgar\' Branch of the

Institute and the Chamber of Commerce he has acted on local committees

on education. He sat on the Professional Engineers Committee on Counselling

and Education when a brief was submitted to the Senator Cameron Ro\al

Commission.

Other services have also claimed Mr. Hannas attention: he has been a

member of the Chamber of Commerce for 18 years, a councillor and a com-
mittee chairman; a member and director of Rotary International, Calgary

Club. He is chairman of the Finance Committee of the Calgary Branch of

the Canadian Red Cross Society. He is in his second term as an alderman of

the city of Calgary.
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NEWLY ELECTED OFFICERS OF THE INSTITUTE
.Aí thc Antiual Meetiug, three t ice-presidents and thirty-six councillors will take
office, and will serve with others whose terms of office continue. The complete list

of Cotincil mcmbers will appear in ihe June issue.

R. B. Chandler, m.e.i.c, of Port Artliur,

Ont., is elected a vice-presidcnt of tlie

Institute repifsciiting the Province of

Ontário.

Mr. Chandler lias recently heen ap-

pointcd a moniber of the Lakehead Har-
bour Commission by the Federal Govern-
ment. He retired as manager of the

Public Utilities Commission of Port

Arthur in 1954, having held that office

from 1945. He then became a member
of the Commission, and is now its chair-

man.
Earlier, from 1917-1923, he was with

the C. D. Howe and Company, Port

Arthur, as designing and supervising en-

gineer, and as a consulting engineer and
partner. He had completed his engineer-

ing studies at the University of Toronto
in 1912, receiving a B.A.Sc, degree.

L. Lawton,
M.E.I.C.

R. B. Chandler,
M.E.I.C.

C. V. Antenbríng, m.e.i.c, elected vice-

president of the Institute to represent the

Western Provinces, is president of Cowin
& Co. Ltd., VVinnipeg.

Mr. Antenbring studied at the Uni-
versity of Manitoba, graduating in 1926
in civil engineering.

He joined Cowin & Co. Ltd., in 1927
as a designer of reinforced concrete.

He is a fomier chainnan of the Winni-
peg Branch, and a former councillor of

the Institute. He is also a past-president

of the Association of Professional Engi-
neers of Manitoba.

F. L. Lawton, m.e.i.c, chief engineer,

power department, Aluminium Labora-
tories, Montreal, is elected a vice-presi-

dent of the Institute, representing the

Province of Quebec.
Mr. Lawton has acted in an engineer-

ing capacity on a number of major hydro-
electric developments and projects.

He graduated in 1923 from the Uni-
versity of Toronto in electrical engineer-

ing. For the first eighteen years of his

career he was successively with The Can-
adian Westinghouse Company, the Que-
bec Development Company, the Duke
Price Company Limited, and its succes-

sor, Saguenay Power Company Limited.

In 1941 he joined the Aluminum Com-
pany of Canada Limited as assistant chief

engineer, and was named to his present

post in 1948 with Aluminium Labora-

tories.

Mr. Lawton has served the Institute as

a councillor, and he is a past-chairman

of the Saguenay and Montreal Branches.

Nicholas Gritzuk, m.e.i.c, has been elec-

ted a councillor to represent the Yukon
Branch of the Institute.

Mr. Gritzuk's experience has been in

the Canadian North, in either the mining

industry or associated with it, since 1934.

After gaining a degree, B.Sc. (honours),

in metallurgical engineering from Queen's

University in 1945, he returned to the

Central Patrícia Gold Mine in northern

Ontário. However, in 1946 he received

the appointment of metallurgical and mill

superintendent for a new Yukon venture,

now United Keno Hill Mines Limited.

In 1952, with the development of an as-

sociate company as an asbestos producer

in northern British Columbia, the trans-

port division of United Keno Mines Limi-

ted and Cassiar Asbestos Corporation

Limited was established, based at White-
horse, Yukon. Mr. Gritzuk was madc
manager of this function and a wholh-
owned equipnient sales subsidiary—the

Territorial Supply Company Limited.

Commander P. F. Faírfull, m.e.i.c, sup-

erintendent of the Graving Dock at Esqui-

malt, B.C., has been re-elected to rep-

resent the Vancouver Island Branch on

the council of the Institute for another

two-year term. (Commander FairfulFs

biography appeared in the June 1957 is-

sue of the Journal in connection with his

first election to this office.

)

P. N. Bland, m.e.i.c, will represent the

Vancouver Branch on the council of the

Institute for a two-year tenu,

Mr. Bland has been since 1949 chief

engineer of Canadian Sumner Iron Works
Ltd., Vancouver. Mr. Bland joined the

engineering profession through the As-

sociation of Professional Engineers of

B.C. in 1933. He had worked with

Sumner Iron Works in Vancouver and
Washington for ten years. Since 1931
Mr. Bland's work has been with the

Canadian Sumner Iron W^orks Limited,
with the e.xception of a three-year period.

His first appointment as chief engineer
was made in 1937.

Mr. Bland served the B.C. Association

as a member of the Board of Examiners,
as a member of the editorial board and
as a member of Council. He is a past

chairman of the \'ancouver Branch.
E.I.C.

H. R. Hatfield, m.e.i.c, of Penticton,
B.C., has been elected to represent the
Central British Columbia Branch on the
Council of the Institute.

Mr. Hatfield graduated from tire Uni-
versity of British Columbia in 1928. In

1930 he joined tlie Interior Contractíng
Company Limited, at Penticton, working
with this company until 1958, and at-

taining the post of president and super-
intendent. He is now a consulting en-
gineer.

During the war years he spent a year
with the R.C.A.F., and he acted from
1941 to 1945 as service and works engi-
neer in the R.C.E. at Petawawa, Barrie-

field and Chilliwack.

Mr. Hatfield is a former chairman of
tlie Central British Columbia Branch.

A. F. Brooks,
m.e.i.c

S. Barkwell,
M.E.I.C.

P. F. Fairfull

m.e.i.c
H. R. Hatfield,

M.E.I.C

A. F. Brooks, m.e.i.c, superintendent ni-

trate plants, Warfield Department. Chem-
icals and Fertilizers Division, of The Con-
solidated Mining and Smelting Company
of Canada Limited, has been elected

councillor of the Kootenay Branch of the

Engineering Institute.

Mr. Brooks received his educatíon in

Montreal. He graduated from McGill

Uni\-ersity with a degree in chemical en-

gineering in 1950, after having serxed

with the R.C.A.F. from 1939 to 1945.

While in tlie air force he \\"as engaged
in technical armament work in Canada
and the European theatre; he attained

the rank of FHght Lieutcnant. Mr.

Brooks joined Cominco at Trail. B.C. and
in 1951 he became a research engineer

in smoke and fume control work. He was
assistant superintendent, phosphato

plant, ^^'arfield Department from 1956

to 195S .

Mr. Brooks has been active in Profes-

sional De\clopment Course progranis of

tlie Kootenay Branch. He was Branch
chairman in 1955.

\. Howard Douglas, m.e.i.c, of Saska-

toon, professor and hoad of thc civil en-

gineering departniont. Univorsit>- of Sas-

katchewan, Saskatoon, past chairman of
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the Saskatchewan Branch, 1949, has been

elected to serve as a councillor for the

Instituto, representing the Saskatchewan

Branch.

Mr. Douglas is a graduate of the Uni-

versíty of Saskatchewan, 1931, with a de-

gree of B.E. in civil engineering. He
worked in the field of contruction and

structural design with contractors, and in

the bridge branches of the Ontário and

the Saskatchewan departments of high-

ways. He served for 4)2 years with the

construction engineering branch of the

R.C.A.F. in Ottawa. He joined the staff

of the College of Engineering at the Un-
iversity of Saskatchewan in 1947, and

took over his present position in 1953.

He is a member and past president

of the Association of Professional Engi-

neers of Saskatchewan.

Stewart Barkwell, m.e.i.c, will be a

councillor of the Institute representing

the Winnipeg Branch.

Mr. Barkwell is a graduate of the

University of Manitoba, 1940, with a

B.Sc. degree in electrical engineering.

He joined Canadian General Electric

that year. He spent three years in in-

dustrial engineering at the G.E. armament
plant, at Peterborough, Ont. After service

with the RCEME he returned to CGE
power transformer section in design

engineering. He joined the apparatus

sales department in Winnipeg in 1950 and
in 1955 was appointed utilities sales en-

gineer.

Mr. Barkwell has been active with the

E. I.C., serving five years on the executive

of the Winnipeg Branch Electrical Section

and as chairman of the Section in 1956.

In 1957 he was appointed to the Elec-

trical Engineering Division of the Com-
mittee on Technical Operations.

T. H. Newton, m.e.i.c, will be a coun-

cillor of the Institute representing the

Edmonton Branch. He is the immediate
past-chairman of the Branch.

Mr. Newton is president of T. H.
Newton Engineering Ltd., Edmonton,
and a graduate in civil engineering from
the university of Alberta, class of 1948.

Earlier he has worked with Main,
Rensaa and Minsos, Edmonton, and with

the Lee Oil and Natural Gas Company,
Edmonton.

D. B. McKillop, M.E.I.C, councillor-elect

for the Lakehead Branch, graduated from
Queen's University in 1929.

Since that time he has been employed
in various capacities with the engineering

department of Canadian National Rail-

ways.

He has recently been designated as

Fort William representative on the Lake-
head Harbour Commission soon to be
established for the administration of a

$7 million harbour facility being devel-

oped in conjunction with the St. Lav/r-

ence Seaway Development.

F. A. Orange, m.e.i.c, has been re-elected

to a second term on the Council of the

Institute, representing the Sudbury
Branch. Mr. Orange is a design engineer

with International Nickel Company at

D. B. McKillop, F. A. Orange,
m.e.i.c m.e.i.c

Copper Chff. A biography appeared in

the June 1957 issue of The Engineering

Journal in connection with his first elec-

tion to this ofíice.

A. L. Furanna, m.e.i.c, has been elected

a councillor of the Institute representing

the London Branch.

Mr. Furanna is a graduate of Queen's
University, 1939, with a degree of B.Sc.

in electrical engineering. He has been
associated with the Public Utilities Com-
mission of London, Ontário since 1940,

with the exception of three years of war-

time leave. He was appointed chief

engineer in 1949, which position he

still holds, with that of assistant general

manager.
Mr. Furanna's contribution to the work

of the E.I.C. has been extensive: member
of the executive, secretary-treasurer of

the London Branch, vice-chairman, chair-

man, 1949, and chairman of the Profes-

sion Development Course.

Harry A. Gadd, m.e.i.c, will be the coun-

cillor representing the Port Hope Branch.

Mr. Gadd's engineering education was
taken in England, including an engineer-

ing course at Rugby College of Tech-

nology and mechanical apprenticeship at

British-Thompson-Houston Company,
Rugby. Mr. Gadd came to the Canadian
General Electric Company Limited in

Toronto in 1923 and has been employed
since that time by C.G.E.

Here his activities have included

manufacturing, sales and engineering

assignments. He is now manager, plastics

engineering, C.G.E. plastics plant at

Cobourg, Ont.

J. W. Delphin, m.e.i.c, will be a council-

lor of the Institute representing the

Kingston Branch. He is a former branch

chairman.

J. W. Dolphin is head of the depart-

ment of civil engineering, Royai Military

College of Canada at Kingston. He is a

graduate of the University of British

Columbia, 1937, with a degree of B.A.

Sc. in civil engineering.

J. W. Dolphin, J. W. Millar,

m.e.i.c m.e.i.c

^^^^HfHr ^^^^HH ^^^^^^^^^

A. L. Furanna, H. A. Gadd,
m.e.i.c m.e.i.c

Until the beginning of World War II

he was employed by the Hydrographic

Service. During the war he served the

R.C.A.F. as a works officer and later as a

navigator. When he returned to Canada

in 1946 he was appointed lecturer at

the University of Manitoba. Upon obtain-

ing an M.Sc. degree from the University

of Minnesota in 1948 he was named as-

sistant professor of civil engineering at

the University of Manitoba. In 1952 he

joined the staff of R.M.C.

J. W. Millar, M.E.I.C, is the new council-

lor representing the Nipissing and Upper

Ottawa Branch of the Institute.

Mr. Millar received the degree of B.A.

from the University of B.C. in 1926 and

that of B.A.Sc, in mechanical engineering

from the same university in 1927. He
had been associated with the Canadian

Pacific Railway earlier, and after his

graduation he worked until 1943 with

C.P.R. in western Canada. From 1938

to 1943 he was general locomotive fore-

man at Vancouver. In 1943 he received

the appointment of inspector of the De-

partment of Railways of the Province of

B.C. He later worked with the Pacific

Great Eastern Railway. In 1948 he ac-

cepted his present position as chief

mechanical engineer of the Ontário

Northland Railway, North Bay, Ont.

W. G. Mitchell, m.e.i.c, chief design

engineer, Canadian Bridge Division, Do-

minion Steel and Coal Corporation

Limited, Walkerville, Ontário, has been

elected to Council. He will represent

the Border Cities Branch.

Mr. Mitchell received the bachelor

degree in engineering from Trinity Col-

lege, Dublin, Ireland in 1925. After

several years in the London oífices of

Dorman Long and Company, he came

to Canada in 1929 and joined Canadian

Bridge as a draughtsman. Mr. Mitchell

was chief draughtsman for the company

for a number of years before being ap-

pointed to his present position.

He served the Border Cities Branch

E.I.C. as chairman in 1956.

W. G. Mitchell, T. H. Newton,
m.e.i.c m.e.i.c
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J. S. Wacldington, R. H. Self,

M.E.I.C. M.E.I.C.

R. Harvey Self, m.e.i.c, will be a coun-

cillor rcpreseiiting tlie Toronto Brandi

for a thrce-year term. As comptroller of

buildings and plants for the Board of

Edncation of the City of Toronto, he is

in cliarííe of the architectural, engineer-

ing, aiid inaintenance and custodiai work

of buildings of the Board, which he

joined in 1955.

Mr. Self graduated from the University

of Toronto in 1938 with a B.A.Sc,

degree in civil engineering. He joined

Ontário Hydro in 1940 after two years

with various companies. Later, in 1943-

1945 he was on loan to the Department
of National Defence at Ottawa. In 1951

he was appointed generation constnic-

tion engineer for the Ontário Hydro. In

1954 he was appointed the rehabilitation

engineer for the St. Lawrence Seaway
project in charge of the rehabilitation

program on the Canadian side.

Mr. Self is the former chairman of the

Toronto Branch of the Institute. He has

also been a member of committees of

the Institute.

.1. S. Waddington, m.e.i.c, has been re-

elected a councillor of the Institute to

represent the Brockville Branch of the

Institute. A biography of Mr. Wadding-
ton, division manager of Phillips Elec-

trical Company, appeared in the .June

1957 issue of The Engineering Journal.

This was in connection with his first

election as councillor.

A. D. Janitsch, m.e.i.c, has been elected

a councillor of the Institute representing

the Belleville Branch.

Mr. Janitsch is associated with

II. C.haput, J. E. Hurtubise,
M.E.I.C. M.E.I.C

Stephens-Adamson Mfg. Co., of Can-
ada Ltd., Belleville, and is a former

sales engineer of the company.
He is a mechanical engineering gradu-

ate of McGill, B.Eng., 1940. He worked
first for Frost & Wood Co. Ltd., at

Smiths Falis, Ont., before going to Belle-

ville in 1942.

C. A. Crawford, jr.e.i.c, will represent

the Chalk Rivcr Branch on the council

of the Institute.

Mr. Crawford is a mechanical engi-

neering graduate of University of British

Columbia, B.A.Sc., 1951. He is a de-

sign engineer in the research engineer-

ing department of Atoniic Energy of

Canada Limited, Chalk River.

Hector Chaput, m.e.i.c, councillor-elect

for the Ottawa Branch of the Institute,

is equipment manager, Ottawa Transpor-

tation Commission.
He graduated from Queen's University

in 1941, with a B.Sc. degree, after which
he completed the C.G.E. test course. He
served with the R.C.A.F. as a signals

ofRcer and pilot.

After service with the English Electric

Company as a design engineer, he was
appointed to the Ottawa Transporta-

tion Commission staff in 1949 as an elec-

trical engineer.

Mr. Chaput is a past chairman of the

Ottawa Branch of the Institute.

T. N. Davidson, m.e.i.c, of Montreal has

been elected a councillor of the Institute

representing the Montreal Branch. He
has earher served the Branch as a member
of the executive, program chairman and
as a member of various committees.

Mr. Davidson attended Queen's Uni-

versity where he received a B.Sc. degree

in electrical engineering in 1941. Upon
graduation he became associated with the

Canadian National Carbon Company in

Toronto, leaving in 1942 to enlist in the

R.C.N. where he served as an electrical

officer.

He joined Northern Electric Company
in Montreal in 1945 and is presently

assistant superintendent, plant engineering

in the headquarters staff organization of

the Company.

P. W. Gooch, M.E.I.C, will be a councillor

of the Institute representing the Montreal

Branch for a three-year term. Mr. Gooch
was educated at Upper Canada College,

the University of Toronto, faculty of

applied Science and engineering.

He graduated in 1936 with a degree of

B.A.Sc, and in 1937 obtained the degi^ee

of M.A.Sc. His first engineering work was
with DeHavilland Aircraft of Canada,

after which he worked from 1939 to 1941

with DeHavilland Aircraft Company,
Hatfield, England. From 1941 to 1947

he was with Canadian Vickers Ltd., Air-

craft division and Canadair Ltd. in vari-

ous positions. Since 1947 he has been

with Canadian Vickers Ltd. industrial

division and liis present position is chief

engineer. Mr. Gooch was chairman of

tlie Montreal Branch of the Institute in

1958. He had served earlier on the

Branch executive and as a member of

Branch committees. He is also a member

V. Jepsen, A. S. Mitchell,

M.E.I.C M.E.I.C

of the Institute's Committee on Educa-
tion.

Jacques E. Hurtubise, m.e.i.c, will be
one of the representatives of the Montreal

Branch on the Council of the Institute.

After obtaining a bachelor of arts de-

gree, professor Hurtubise entered Ecole
Polytechnique, Montreal where he gradu-

ated in 1934. He took a post-graduate

course in soil mechanics at the Massa-

chussets Institute of Technolog>' in 1939,

and subsequently obtained his M.Sc.

degree at Ecole Poh technique.

He was a member of the teaching staff

at Ecole Polytechnique from 1934 to

1937, after which he was employed by
Consulting enginers. He returned to Ecole

Polytechnique in 1939. first as assistant

professor and subsequently as associate

professor and professor of ci\àl engineer-

ing.

Professor Hurtubise has been active as

a consultant. Since 1953 he has been
acting as a consultant for the St. LawT-
ence Seaway and the Joint Board of

Engineers.

.\. S. Mitchell, M.E.I.C, has been elected

councillor representing the Eastern Town-
ships Branch of the Institute.

Mr. Mitchell graduated from McGill

Universit>- in 1938 u ith honours in metal-

lurgical engineering. He has worked for

the International Nickel Company at

Copper Chff and tlie Consolidated Min-
ing & Smelting Companv at Trail and
Yellowknife, N.^^'.T. and in 1941 he
joined the Union Screen Plate Company
of Canada (Limited) at Lennoxville, Que.,

as a plating engineer. He is presently

works manager of the Lennoxville. Que...

plant.

Mr. Mitchell is a fomier treasurer of

the Eastern Townships Branch.

Viggo .íepsen, m.e.i.c, will represent tlie

St. Maurice \'alley Branch of the council

of tlie Institute for a two-\ear term.

Mr. .Tepsen joined the staff of the

Consolidated Paper Corporation in 1936

in Grand'Mere and remained there imtil

1955 when he was transferred to the

head office in Montreal. He became as-

sistant chief engineer. the position he

now holds.

Mr. .lepsen was bom and educated in

Denmark. He carne to C;mada in 192&

and was connected with the preliminar>-

invcstigations for h>dro-electric develop-

ments of the Upper St. Maurice River

and the construction of the Rapide Blanc

dam and power house. In 1932 he worked

for .ias. A. Ogil\> Ltd.. Montreal as sales

engineer and earl> in 1936 he transferred

to tlie Canadian Copper Refiners Ltd. at

Montreal East as design engineer.
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He is a past councillor of the Institute

representing the St. Maurice Valley

Branch from 1947 to 1949.

Jean R. Menard, m.e.i.c, of Rimouski,

Que., will be a councillor of the Insti-

tute representing the Lower St. Lawr-

ence Branch. He is a past chairman and

secretary of the Branch.

Mr. Menard is a graduate of Ecole

Polytechnique, class of 1943. He was

with the Canadian Arniy, serving over-

seas with the R.C.E.M.E. during the

war. In 1946 he was discharged with

the rank of captain.

He joined the Department of Public

Works of Canada in the Quebec Dis-

trict. In 1948 he was transferred to

Rimouski.

B. M. Monaghan, m.e.i.c, of Seven

Islands, Que., is re-elected as council-

lor representing the North Shore Lower
St. Lawrence Branch.

Mr. Monaghan was the first chair-

man and has been councillor of this

Branch since it was inaugurated late in

1958. He is chief engineer of the Que-
bec North Shore and Labrador Railway.

He graduated from the University of

Saskatchewan in civil engineering in

1946. He went to Seven Islands after

a few years in surveying for the Depart-

ment of Mines and Resources. He has

been a location engineer for the railway

and assistaat chief engineer.

A. B. Sinclair, m.e.i.c, superintendent of

the hydro-electric department of Price

Brothers and Company, Kenogami, Que.,

has been re-elected a councillor of the

Institute representing the Saguenay
Branch.

Mr. Sinclair's biography was published

in the June 1957 issue of the Journal,

on the occasion of his earlier election to

this ofRce.

S. B. Cassidy, m.e.i.c, Communications
and electrical contractor will represent

the Fredericton Branch on the Council

of the Institute for a second term.

A biography of Mr. Cassidy appeared
in the June 1957 issue of the Journal,

on the occasion of his election to this

office.

Charles Miller, m.e.i.c, will represent

the Baie Comeau Branch on the Council

of the Institute.

Mr. Miller is general manager of the

Manicouagan Power Company, Baie

Comeau, Que.
Graduating from Queen's University in

1930, he worked with the Saguenay
Power Company Ltd. at Arvida, Que.
He was assistant resident engineer for

a project at Shipshaw, and he was chief

A. B. Sinclair, Charles Miller,

m.e.i.c. m.e.i.c

J. R. Menard, N. F. Stewart,

m.e.i.c m.e.i.c

engineer of Aluminum Power Company
Limited in 1944.

In 1945 he went to the Beauharnois

Light Heat and Power Co., Beauharnois.

He joined the Ontário Paper Company
in 1947, working on construction of a

development of the Manicouagan Power
Company. Later he worked as a Consult-

ing engineer in Montreal. He was the

project manager of the Canadian British

Aluminium Company Development at

Baie Comeau, Que. He received his pres-

ent appointment this year.

Mr. Miller is a former chairman of the

Saguenay Branch of the Institute.

T. C. Higginson, m.e.i.c, president of

Eastward Industries Ltd., Saint John,

N.B., has been elected to represent the

Saint John Branch on the Council of the

Institute for the next two years.

Mr. Higginson is also Maritime man-
ager of the Automatic Sprinkler Com-
pany of Canada, Limited, vice-president

and managing director of Country Club
Heights Ltd., and vice-president of the

Saint John Board of Trade.

He was born and educated in Mont-
real. He joined the Automatic Sprinkler

Company of Canada in 1928, becoming
manager of their interests in the Mari-

times in 1946. At the same time he
formed Eastward Industries Ltd., and in

1952 he entered the housing and develop-

ment field.

R. D. T. Wickwire, m.e.i.c, will repre-

sent the Halifax Branch on the Council

of the Institute.

Mr. Wickwire is with the Nova Scotia

Power Commission, Halifax. He is a

mechanical engineering graduate of Nova
Scotia Technical College class of 1946.

He has been serving on the Council
of the Institute since last year, after hav-
ing been active in the afíairs of the In-

stitute in Halifax.

Lawrence L. Spurr, m.e.i.c, will be a

councillor of the Institute, representing

the Amherst Branch.

Mr. Spurr is employed as the outside

plant supervisor for the Canadian Broad-
casting Corporation at their International

S. B. Cassidy, T. C. Higginson,
m.e.i.c m.e.i.c

M. C. Collins, L. L. Spurr,

M.E.I.C M.E.I.C

shortwave transmitter in Sackville, N.B.

Mr. Spurr is a graduate of Acadia

University and of the Nova Scotia Tech-

nical College, receiving a degree in civil

engineering in 1947. He worked for the

Nova Scotia Power Commission as a

resident engineer until 1953, when his

service with the C.B.C, started.

Norman F. Stewart, m.e.i.c, of the con-

tracting firm, County Construction Co.

Ltd., CharlottetowTi, will be on the coun-

cil of the Institute, representing the

Prince Edward Island Branch.

Mr. Stewart studied at Dalhousie Uni-

versity and at Nova Scotia Technical

College, gaining his degree of bachelor

of engineering, civil, in 1951.

He had earlier served in the Canadian
Army (Active), 1940-1943; and in the

R.C.A.F. (air crew) from 1943-1945. He
served as a flight engineer, and was dis-

charged with the rank of flying oíBcer.

He is a past chairman of the Charlotte-

town Branch of the Institute, and a past

president of the Association of Profes-

sional Engineers of P.E.L

Marshall C. Collins, m.e.i.c, will repre-

sent the Comer Brook Branch on the

Council of the Institute.

Mr. Collins attended Clarkson College

of Technology at Potsdam, N.Y., gradu-

ating in mechanical engineering, B.Sc,
1928.

He went to Central America and
worked for some years for the United
Fruit Company. Returning, he worked
on heavy constmction jobs, and he
joined International Paper Company in

1935 at the Philadelphia plant of a sub-

sidiary. He transferred in 1936 to a news-
print mill at Comer Brook, Nfld. He re- -

mained at this plant when ownership
passed to Bowaters Newfoundland Pulp
and Paper Mills Ltd. He became assistant

chief engineer, 1940, chief engineer,

1948. He is now resident development
engineer, responsible for long temi plan-

ning.

C. H. Conroy, m.e.i.c, will represent the

St. John's, Nfld., branch on the Council

of the Institute.

Mr. Conroy is chief engineer of the

Department of Public Works (Nfld.).

He studied at St. Bonaventure's Col-

lege, at St. Francis Xavier University,

and at Massachusetts Institute of Tech-
nology. He received the degree in elec-

trical engineering in 1928.

He worked as an electrical engineer
for International Power and Paper Co.
Ltd., at Comer Brook and Deer Lake,
and in 1934 joined the Department of

Public Works.
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G. G. Meycrhof, m.e.i.c. (D.Sc. 1954,

civil, Loiulon) lia.s accepted an invitation

by tlie Couiicil of the Institution of

Striictural Enginecrs, London, England,
to liecoiiie tlic Institiition's representative

in Eastern Canada. He is head of the

department of civil engineering, Nova
Scotia Technical College, Halifax, N.S.

W. L. Wardrop, m.e.i.c. (B.Sc, elec.

and civil, Manitoba, 1939, 1947) Consult-

ing engineer in Winnipeg has been
elected chaimian of the Winnipeg Branch
of the Institute.

G. N. Martin, m.e.i.c. (B.A.Sc. CE. Poly-
technique 1934) of Dominion Bridge
Company Limited has been appointed
general Manager, boiler division, for

the company with office at Lachine, Que.

W. G. Holt, M.E.I.C. (B.A.Sc., mech, Tor-
onto 1936) has been appointed general
manager, mechanical divisipn for the
Dominion Bridge Company Limited with
office at Lachine, Que.

Thomas Dembie, m.e.i.c. (B.A.Sc., civil

Toronto 1936) of Dominion Bridge Com-
pany Limited, has been appointed chief

engineer in the Toronto plants of the

company.

Duncan N. Smith, m.e.i.c. (B.Sc, civil.

Indiana) has been appointed chief design
engineer in the Toronto plants of Dom-
inion Bridge Company Limited.

Malcolm D. H. Dickson, m.e.i.c. (M.A.,

civil, Cambridge, 1945) has been made
vice president of Newton, Dickson and
Associates Limited, Toronto.

Charles J. Ward, m.e.i.c. (B.Sc, ceramic,

Saskatchewan, 1936) has been appointed
assistant city building inspector for the

city of Regina.

Philip T. Nash, m.e.i.c. (B.Sc, mech.,
Queen's 1945) of Trane Company of Can-
ada Ltd., at Windsor, Ont, has been ap-
pointed special projects engineer with the

company in Toronto.

John W. Forster, m.e.i.c. (B.Sc, civil,

Alberta 1944; M.Sc, lowa, 1947) has

gone to Machson, Wisconsin, to work as

a hydroelectric engineer for Hydro Elec-
tric Planners.

L. F. Bresolin, m.e.i.c. (B.A.Sc, chem.,
Toronto, 1950) is process engineer with
the Cities Service Refining (Canada) Ltd.

Trafalgar refinery, at Burlington, Ont.

Walter A. Byskal, m.e.i.c. (B.Sc, civil,

Manitoba, 1953) is a project engineer for

Mannix Co. Limited on railroad con-

struction at Chisel Lake, Man.

John C. Robinson, m.e.i.c. (B.Sc, civil,

Manitoba, 1956) is assistant regional con-

struction engineer for Central Mortgage
and Housing Corporation at Winnipeg.

C. D. McKinney, m.e.i.c. (B.Sc, elec,

New Brunswick, 1944) of Shawinigan

Water & Power Company has since 1958
worked as superintendent of the Joliette

line and substation district, Joliette, Que.

Thomas A. Miller, m.e.i.c. (B.Eng. chem.

McGill, 1944) has been tran^ferred from
Winnipeg, Man., to Montreal as sénior

engineer with the Trans Canada Airlines.

Edward N. Reed, m.e.i.c. has been ap-

pointed general manager, Parking Auth-

ority Of The City Of Ottawa.

Captaín B. Yarymowich, m.e.i.c. (B.A.Sc.

chem. Toronto, 1949) formerly with the

Canadian Army Staíf College in Kingston,

Ont., has been posted to Montreal as

staff captain (administration) at H.Q.
Quebec Command.

M. D. H. Dickson,
M.E.I.C.

Duncan N. Smith,
M.E.I.C.

W. L. Wardrop,
M.E.I.C.

G. N. Martin,
M.E.I.C.

James C. Leahey, :m.e.i.c. (B.Eng. elec,

McGill, 1935) is general manager of Brit-

ish Timken (Canada) Ltd., at Toronto,

Ont.

H. A. Davis, M.E.I.C (R.M.C., 1926
B.A., econ., Carleton) is employed in the

Department of Finance, Ottawa in tlu>

analysis division of the Treasury Board
(Defence and Works). He is concemed
with construction activities of Depart-

ments of National Defence and Public

Works.

formerly vice-president, distribution, has

been appointed vice-president with

broader responsibilities in the Company.

W. R. Way, m.e.i.c. (B.Sc, elec, McGill,

1918) of The Shawdnigan Water and
Power Company, formerly vice-president

and chief engineer, has been appointed

vice-president with broader responsibili-

ties in the Company's affairs.

Stanley T. Murray, m.e.i.c. (B.A.Sc

chem., Toronto, 1950) was recently ap-

pointed town engineer of Aurora, Ont.

Norman J. AUíson, m.e.i.c. is assistant

division manager witli Interpro\incial

Pipe Line Co., westem division. Edmon-
ton. Alta.

Donald R. McLeod, m.e.i.c. (B.Sc. civil,

Manitoba, 1947) has accepted the ap-

pointment of assistant deputy minister

with the B.C. Department of Highways,
Victoria, B.C.

Christopher R. MacPhail, m.e.i.c. (B.Sc.

civil, Queen s. 1957) has been appointed

resident engineer witíi Isumi, .\rnott and
Sugi\ama. Saskatoon. Sask.

R. T. Bogle.
M.E.I.C

John W. Forster,

M.E.I.C.

John C. Robinson,
m.e.i.c

C. D. McKinney,
m.e.i.c. A. C. Abbott,

m.e.i.c.

W. R. Wa>,
m.e.i.c

R. T. Bogle, m.e.i.c. (B.A.Sc, mech. Brit-

ish Columbia, 1940) of English Electric

Canada has been appointed general man-
ager for the company.

W. T. Bennett, m.e.i.c. (B.S., mech.
Tufts, 1924) chief engineer with Can-
adian International Paper Company, has

been appointed vice-president, engineer-

ing, for the company.

A. C. Abbott, M.E.I.C. (B.Sc. mech., B.Sc
elec, McGill, 1925, 1926) of The Sha-

winigan Water and Power Company and
Thomas Dembic.

M.E.I.C.

G. G. Meycrhof,
M.E.I.C
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Gordon C. Wallace, m.e.i.c. (B.Eng.

Liverpool, 1947) has accepted a post as

sénior design engineer, civil/structural,

with Dorr-Oliver Inc., Stamford, Connec-

ticut.

Kurt M. Lissel, m.e.i.c. (B.Sc, civil

Saskatchewan, 19.50) has been promoted

to earth materiais section engineer for

P.F.R.A. on the South Saskatchewan
River Development.

John A. B. Brenan, m.e.i.c. (B.Sc, elec,

New Brunswick, 1949) of the New Eng-
land Telephone and Telegraph Co., Port-

land, Maine, has been transferred to the

company's brandi in Boston, Mass.

D. B. Furlong, m.e.i.c. of Producers

Pipelines Ltd., Regina, Sask., has been
elected president and general manager
of the company.

Cut "open-trench" time

D. B. Furlong,
M.E.I.C.

C. K. Lockwood,
m.e.i.c.

C. K. Lockwood, m.e.i.c. (B.Eng., chem.,

McGill, 1934) of Shawinigan Chemicals
Limited has been appointed vice-presi-

dent of the new industrial chemicals div-

Mervyn Mindess, jr.e.i.c. (B.Sc, M.Sc,
civil, Manitoba, 1955, 1956) has been
appointed project engineer with Franki
of Canada Ltd., Toronto, Ont.

John S. Howard, jb.e.i.c. (B.Sc, London,
England, 1956) is chief projects engineer
with John Thompson-Leonard Limited of

London, Ontário.

A. Palynchuk, jr.e.i.c. (B.Sc, mech.,
Saskatchewan 1951) is siiperintendent of

Engineering and Maintenance with Al-

berta Phoenix Tube & Pipe Limited, at

Edmonton.

G. W. Downie, jr.e.i.c. (B.Sc, civil, Al-

berta, 1946) has been appointed plant

superintendent, electrolytic ammonia
plant, Warfield, Chemicals and Fertil-

izers Division of The Consolidated Min-
ing and Smelting Company.

James C. Leahey,
m.e.i.c.

Mervyn Mindness,
jr.e.i.c.

permanent joints

tap ínto place

No cement, lead, caulking or
special tools are needed with

"NO-CO-RODE" pipe. Installa-

tion is faster . . . fill goes in sooner
...costs are cut ali down the line.
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"No-Co-Rode" ROOT-PROOF
Pipe— ideal for house sewers,

septic tank connections, and
storm drains . . . "No-Co-Rode"
PERFORATED Pipe for Founda-

tion footing drains, septic tank

disposal beds and countless land

drainage uses.

''''Trade Mark Registered
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TORONTO
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Manufactured by NO-CO-RODE COMPANY LIMITED, Cornwall, Ontário.
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• First, an Allis-Chalmers lime sludge kiln

recovers lime at approximately half the cost of

new lime. Second, the patented chain system for

heat recovery in Allis-Chalmers kilns saves up to

40% of fuel costs. Third, the efficiency of this heat

recovery system minimizes dust loss to a point

that 10% extra capacity can be realized.

For complete Information, call your C-A-C re-

presentative, or write Canadian Allis-Chalmers,

P.O. Box 37, Montreal, P.Q.

The carefully designed chain system in the feed

end of an Allis-Chalmers kiln accelerates dryíng

three ways:

1 . Direct transfer of heat from chains to sludge.

2. Material is lifted into path of hot gases.

3. FIow of gases is directed over sludge bed under

suspended chains.

CANADIAN ALLIS-CHALMERS
5̂8-PP-1

low-Head is an Allis-Chalmers trademark.

Chip Screens — Accurately balanced

mechanism assures removal of highest

possible percentage of chips, dust, dirt.

Chip travei is uniform, stratification rapid.

low-Head pulp screens handl«

high (onsistencies, save water and power.

Maintenance is simple. Mechanism can be

removed as a unit.
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R. B. Walker, jr.e.i.c. (B.Eng., mech.
and elec, Queen's, 1949) has been ap-

pointed plant manager of the B.A.-Sha-

winigan Montreal East petrochemical

plant.

Jean-Guy Pilon, jr.e.i.c. (B.A.Sc, chem.,

Polytechnique, 1957) is with Aluminum
Company of Canada Ltd., as assistant

process engineer, chemical division, at

Arvida, Que.

J. A. Morton, jr.e.i.c. (B.Eng. mech., Mc-
Gill, 1949) has been appointed product

manager, insulation department, Atlas

Asbestos Company Limited, Montreal.

Donald M. Shook, jr.e.i.c. (B.Sc, civil,

Manitoba, 1957) fomierly of Vancouver,

is employed as assistant erection engineer

with Dominion Bridge Company Limited

at Calgarj'.

J. James Chilibeck, jr.e.i.c. (B.Sc, chem.,

Alberta) of Bird-Archer Co. Limited, has

been appointed field engineer with the

company in Toronto.

D. W. Hawes, jr.e.i.c. (B.Eng., elec,

McGill, 1950) has been appointed chief

electrical engineer of Power Corporation

Designers & Consultants Ltd., in Mont-
real.

James M. Wame, jr.e.i.c. (B.Sc, civil,

Alberta, 1957) is stnictural engineer with

the Alberta Department of Public Works,
Edmonton.
Hugh M. Steeves, jr.e.i.c. (B.Sc, mech.,

Queen's 1951) with the Kimberly Clark

Canada Ltd., Niagara Falis, Ont., is now
engineering services superintendent.

Charles R. Baird, jr.e.i.c. (B.Eng., elec,

Nova Scotia 1957) is an application-in-

stallation engineer with Milltronics Ltd.,

Peterborough.

George S. Hamilton, jr.e.i.c. (B.Eng.,

civil, McGill, 1957) is a field engineer

with Factory Mutual, Engineering Div-

ision, Montreal.

Roland W. J. Boisvert, jr.e.i.c. (B.Eng.,

civil, McGill, 1953) is project manager
with Mitis Construction Co. Ltd., Ri-

mouski. Que.
Jean E. Goulet, jr.e.i.c. (B.Eng., mech.,

McGill, 1954) has been made sales engi-

neer for the Province of Quebec, with

Consolidated Engines & Machinery Com-
pany Ltd., Town of Mount Royai, Que.

Lloyd L. S. Larson, jr.e.i.c. (B.Eng.,

civil, Saskatchewan, 1957) is a júnior

engineer in the Department of Planning

& Works of the City of Ottawa.

Laurence Mak, jr.e.i.c. (B.Sc, elec,

Manitoba, 1957) works as an overhaul

research services technician with Trans-

Canada Air Lines, Winnipeg.

Jean-Real Lahaye, jr.e.i.c. (B.A.Sc., civil.

Lavai, 1957) is an assistant engineer with

Cartier, Cote & Pietre, Consulting Engi-

neers, Ville LaSalle, Que.
Claude Lemieux, jr.e.i.c. (B.A.Sc., mech.

Polytechnique, 1957) is working as a

remelt and shipping supervisor with the

Beauharnois, Que., works of the Alumi-

num Company of Canada Limited.

Karl Van Dalen, jr.e.i.c. (B.Sc, civil,

Queen's, 1957) is a research student at

Imperial College, London, England.

Pierre M. Arsenault, jr.e.i.c. (B.Eng.,

civil, McGill, 1957) is presently superin-

Miracles

of

engineering

skill
Engineers are remolding the face of Canada — develop-

ing projeets breathtaking in conception, miraculous in

execution.

For this great service, The Canadian Bank of Commerce
oííers congratulations for past achievements and extends

best wishes for the future.

THE CANADIAN
BANK OF COMMERCE

MORE THAN 800 BRANCHES ACROSS CANADA TO SERVE YOU B-459
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tondent-engineer witli Pointe Claire

Asphalt & Constniction Inc., Pointe

Claire, Que.
Gary \. Hesicr, jh.e.i.c. (B.A.Sc., eng. &
Inisiness, Toronto, 1957) of Square D
Company of Canada Ltd., ha.s becn trans-

ferred to the Ottawa branch as field

Joseph P. West, JH.E.I.C. (B.A.Sc., mcch.,
Britisli Colunibia, 1957) is employed with

tile Britisli Colnmbia Power Commission
as site niechanical enj^ineer on the Ash
River devclopnient.

Kenneth M. Johnson, jr.e.i.c . (B.A.Sc,

B. G. Babej,
JH.E.I.C.

Malcolm D. Lefcort,

JH.E.I.C

mech., British Columbia, 1957) is flight

test engineer with Trans-Canada Air

Lines, Dorval.

VZJíj^-^^J \LJ \ZJ \ZJ LKx
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PUMPS

• Capacities to over 10,000 GPM—
Heads to 250 ft.

• Maximum interchangeability of

parts

• Rotor removablefromcouplingend

— piping and driver not disturbed
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• Hardened chrome steei sleeve

• Horizontal or vertical mounting
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i
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CENTRIFUGAL PUMPS

MONTREAL •

BABCOCK-WILCOX AND
I

GOLDIE-McCULLOCH LTD.
1
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R

Novo Scoíia Agents: Ausfen Bros., Ltd., Halifax.

Jean-Jacques Dumas, jr.e.i.c. (B.Sc.

elec. Lavai, 1957) is an assistant engi-

neer with the Hydro Quebec at Montreal.
Frank R. JeflFerson, jb.e.i.c. (B.Eng..

chem., N. S.T.C.
, 1957) is a technical

armament ofBcer with the Royai Can-
adian .\ir Force in Europe.
Fernand Heroux, jr.e.i.c. (B.Sc, civil.

Lavai, 1957) is with the City of Shawini-
gan. Que., as a municipal engineer.

W. Tishinskí, jr.e.i.c. (B.Sc, elec, Mani-
toba 1956} has been working ^^^th the

Manitoba Power Commission. He is now
doing post graduate work at the Uni-

versity of Manitoba.
Mareei Jobin, jr.e.i.c. (B.A.Sc, ci\il.

Lavai, 1957) is a project engineer with

the Provincial Government at Quebec.
Ernest F. Kaszas, jr.e.i.c. (B.Sc, civil.

Alberta, 1957) is a production engineer

with Precast Concrete Limited, at Cal-

gary.

Janis Kalnins, jr.e.i.c. (B.A.Sc, mech..

British Columbia, 1957) is witli the Hydro
Electric Power Commission of Ontário

as júnior engineer.

Roy J. Mutter, jr.e.i.c. (B.Sc, minine.

Alberta, 1957) is a technical assistant

with die Scottish Council (Dexelopment
and Industr>), at Edinburgh, Scotland.

JeiTy A. Hanlon, jr.e.i.c. (B.Eng.. ci\il.

Saskatchewan, 1957) is a territorial engi-

neer at \'ancouver with the Department
of Public Works (Canada), harbours and
rivers engineering branch.

Joseph A. F. Lalonde, jr.e.i.c. (B.A.Sc
civil, Polytechnique, 1957) is resident

engineer and project engineer with the

Lalonde. Girouard &: Letendre, Consult-

ing Engineers. Montreal.

Stephen C. Lines, jr.e.i.c. (B.Eng., elec.

Saskatchewan. 1957) is stationed at

Greenwood, N.S., a navigator in 404

(MP) Squadron, Royai Canadian Air

Force.

Joseph Mushka, jr.e.i.c. (B.Eng., mech..

McGill, 1957) is a júnior engineer, at

Canadian Industries Limited, Montreal.

Sidney F. E. May, jr.e.i.c. (B.Sc, civil,

Queen's, 1955; M.Sc, Business, Western
Ont., 1958) was recently appointed as-

sistant research engineer with the Can-
adian Pacific Railway Compan>-, at

Montreal.

Robert M. McDemient, jr.e.i.c. (B.Sc,

ci\il, Qucen's, 1957) is a student at the

Osgoode Hall Law School in Toronto.

.\lgirdas Jurkus, jr.e.i.c. (B.A.Sc, elec,

Polytechnique, 1957) is a research stu-

dent at Sheffield University in England

under an Atlilone fellowslúp.

Rene Gagne. jr.e.i.c. (civil, Polytech-

nique, 1951) fomier sales engineer for

Steel & Timber Structures Ltd.. at Que-

bec City, has been made Manager of a

new Montreal branch office.

B. G. Babej. jr.e.i.c. (mech., Hungar\.

1953) is working for the Saskatchewan

Power Corporation at Saskatoon.

Malcolm D. Lefcort. jr.e.i.c. (B.Eng.

mech., McGill. 1956) has been apptiintod

júnior research officer in tlie gas dviia-

mics laborator>, mechaniciU engineers

division, Xational Research Council.

Arnold C. Floyd. jr.e.i.c. (B.Sc, mech.,

Saskatchewan'! of Hone\Avell Controls
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Limited will be responsible for engineer-

ing application for the Province of

Saskatchewan at the company's Regina

office.

L. J. Ingolfsrud, jb.e.i.c. (B.Sc, mech.,

Queen's 1951; M.Sc, M.I.T. 1952) has

joined the nuclear power plant division

of Atoniic Energy of Canada Ltd., as de-

sign engineer.

R. E. Fraser, jr.e.i.c. (B.Eng., elec.,

N.S.T.C., 1955) is in Chalk River, Ont.,

an electrical and instrumentation systems

design trainee with Atomic Energy of

Canada Limited.

Muhammad Abbas, jr.e.i.c. (B.Sc., elec,

Punjab, índia, 1955) until recently patent

examiner at the Canadian Patent Office,

Ottawa, is now attending Lavai Uni-

versity, Quebec City, where he is study-

ing towards a masters' degree.

Kenneth M. Williams, jr.e.i.c. (B.A.Sc.,

civil, Toronto, 1956) is a post graduate

student in civil engineering, highway en-

gineering option, at the University of

Toronto.

Charles R. Simonds, jr.e.i.c. (B.Sc,

chem., Queen's 1957) of the 2nd regi-

ment, Royai Canadian Horse Artillery,

Winnipeg, has gone to attend a guided
missile stafiF ofBcers course at the U.S.

Army Defence School, Fort Bliss, Texas.

Alfred N. Leung,
S.E.I.C,

J. James Chilibeck,

jr.e.i.c.

J. N. Schilizzi, jr.e.i.c, (mechanical,

Paris 1950; London, 1951) project engi-

neer, plant engineering department, at

the Aluminum Company of Canada Ltd.

Arvida works, is transferred to a post as

technical advisor for the Middle East,

for L'Aluminium Commercial, Ziirich,

Switzerland.

Leo I. Rotgaus, jr.e.i.c. (B.Eng., mech.,
McGill 1956) has joined Winer & Chaz-
onoflF Contractors Corp., Montreal, as

project engineer.

P. Yachinec, jr.e.i.c. (B.Sc, elec, Al-

berta 1946) has been appointed general

manager for Sinclair Radio Labs Limited,

Toronto.

Pierre Thiviere, jr.e.i.c. (B.A.Sc., Poly-

technique 1956; M.Sc, thermodynamics,
Birmingham, 1958) has joined Canadian
Pratt & Whitney Aircraft Company Ltd.,

Montreal, as an analytical engineer.

R. Marchand, jr.e.i.c. (B.Sc, elec, Mani-
toba, 1954) is now with the R.C.A.F.,

Air Materiel Command, engaged in tele-

communications maintenance.
B. I. Shulakwych, s.e.i.c. (B.Sc, mech.,
Manitoba 1957) until recently with Dom-
inion Engineering Company Ltd., Mont-
real, is doing post graduate work at the

University of Toronto in business ad-

ministration.

H. K. Beatty, s.e.i.c. (B.Eng., elec, Nova
Scotia Technical College 1957) trainee

engineer in Canadian General Electric

Company Limited, has joined the outside

plant engineering department of N. W.
Engineering, Downsview, Ont.

R. E. Whitten, s.e.i.c. (B.Eng., civil,

Nova Scotia Technical College 1958) is

now employed by Foundation Company
of Canada, Montreal.

Alfred N. Leung, s.e.i.c. (B.Sc, civil,

Manitoba 1958) is doing post graduate

studies in highway engineering at the

University of Alberta, Edmonton.
K. M. Ferguson, s.e.i.c. (B.Sc mech.,

New Brunswick, 1958) is now employed

as assistant rubber plaut manager with

Pirelli Cables, Conduits Ltd., St. Johns,

Que.
Alvin W. Kruger, s.e.i.c is a draftsman-

computer with Cecpee Oil Co. Ltd.,

Regina.

A. C. Floyd,

JR.E.I.C.

Max Deitch,
JR.E.I.C.

ÍVÍRSHÍD wrítes a new thapter in the

fíeU of POWER PLANT BOlUR COIfíltOl

FOR the first time in industrial

history, Evershed automatic

electronic control systems are

giving continuous, accurate

and precision control of Con-

ada's new oil fed St. John's,

Newfoundland Power Plant

ond Calgary's natural gas

fed Wabamun Power Plant.

mdmum

Control desk

installed at

St. John's, Newfoundland.

i
Control desk for

Wabamun Power Plant.

EVERSHED VIGNOLES (CANADA) LIMITED
4544 DUFFERIN STREET

MAILING ADDRESS

P.O. BOX 100, TORONTO 19, ONT.

TELEPHONE MEIrose 3-5937

WESTERN AREA OFFICE

P.O. BOX 632

CALGARY, ALBERTA

TELEGRAMS & CABLES
"EVSHED", TORONTO

THE ENGINEERING JOURNAL—MAY, 1959 137



'^Keep

vehicles

busy...

save

time and

money

with a BELL 2-WAY

RADIOPHONE SYSTEM

Today, business and industry are

increasing efficiency tlirough direct

communication with vehicles. Bell

can provide such a system at sur-

prisingly low cost. You don't buy

any equipment—your private mo-
bile facilities are engineered, in-

stalled and serviced by Bell with

no cost to you for investment . .

.

upkeep . . . or obsolescence.

Cali your Bell Business OflBce.

IN ACTION (see photos left)

• helping contractors cut costly delays

• helping police, fire and other

departments

• fspeeding ivork of lift trucks and
freight vehicles

• saving time on railroads

• cutting costs in petroleum and gas
industries

THE BELL TELEPHONE COMPANY OF CANADA

• PERSONALS

H. W. Walford, s.e.i.c. ( B.Sc, civil, \ew
Brunswick 1958) is doing post-graduate
work at the National College for Heating,
Ventilating, Refrigeration and Fan Engi-
neering in London, England, under an
Athlone Fellowship.

M. P. Paidoussis, s.e.i.c. (B.Eng., mech.,
McGill 1958) is with General Electric Co.
of England, Ltd., Erith, Kent, under a

nuclear engineering overseas training

fellowship.

F/O David Greenfield, s.e.i.c ( B.A.Sc,
civil, Toronto 1958) is at present taldng

the R.C.A.F. maritime navigation course

at Summerside, P.E.I.

James Broughall, s.e.i.c. (B.Sc, chem.,

Queen*s 1958) is a júnior chemist with

the Canadian International Paper Com-
pany, at Gatineau, Que.

Colby Bums, s.e.i.c. (B.Eng., civil, Sas-

katchewan 1958) is with the Citv- of

Regina, Sask., as assistant roadways engi-

neer.

C. R. W. MacPhail, s.e.i.c (B.Sc, civil,

Queens 1957) has become a field engi-

neer witli Izumi, Amott and Sugiyama,
Regina, Sask.

Robert Desrosiers, s.e.i.c. (B.A.Sc. civil,

Lavai 1957) is with Laniinex Products

Limited, Quebed Que.

John H. Morrish, jr.e.i.c. (B.A.Sc. ci\ il,

Toronto, 1952) formerly of Montreal has

been appointed division engineer witli the

Canadian Pacific Railways. Schreiber

Division. Sclireiber. Ont

Max Deitch, jr.e.i.c. (B.Eng. elec. Mc-
Gill, 1952) lias recently been appointed

product nianager. high tension switch-

gear, of Canadian Line Materials Ltd.,

Toronto, Ont.

P. ^ink, jr.e.i.c (B.Sc, ci\il. London,
England 1955) is emplo>ed b\- De Leuw
Cather and Compan>- Ltd. in Toronto, as

a júnior engineer.

Benedict Chan, s.e.i.c. (B.Sc. mech..

Manitoba 1957) of Otis Elevator Co.,

New York, has been appointed an engi-

neer trainee in the executi\-e office of the

compan>-.

ClifFord H. Laurence, s.e.i.c was trans-

ferred earl\' this \"car b\" the Sliawinigan

^^'ater 6c Power Compan\- froni the pro-

duction plant department Shawinigan.

Que., to tlie electrical repair department.

Three Rivers.

Nonnan J. .\ntaya, s.e.i.c (B.Eng.. elec.

Detroit 19581 has joined the Saskatche-

wan Power Corporation, Regina, as as-

sistant distribution engineer.

M. J. Minor, s.e.i.c (B.Sc, elec, Mani-

toba 1958) is plant engineer witli the

Hydro Electric Commission of Ontário,

at Seven Sister Falis gcnerating station.

R. D. Thibodeau, s.e.i.c. (B..\.Sc.. chem..

Toronto 1958) is at As.sumption Uni-

versitx- of \\'indsor, where hc is studxing

towards a niasters degree.

Benoit St. Laurent. s.e.i.c (B.Sc. civil.

Lav ai 1958) is with the Department of

Highwav s of Quebec
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CONSTRUCTION

AHEAI)

TEAM-UP
WITH

DO MORE WORK FASTER
WITH DEPENDABLE
JOY EQUIPMENT

JOY ROTARY
PORTABLE

COMPRESSOR
AIRVANE RP-125

Rugged and reliable Rock Drills,

Paving Breakers, Spaders, Tampers,

Hoists and Compressors that stay on

the job longer— with less time out—
means lower costs.

You can select the right equipment

from JOVS complete range of sizes.

Consult your nearest representativa

or distributor.

CONSULT A

JOY HAND HELD
ROCK DRILLS

JOY

LIGHTWEIGHT

WAGON
DRILLS

iftvaHarwiii

mi

JOY

FEATHERWEIGHT

WAGON
DRILLS

SPADER.

JOY ENGINEER

BACKFUL
TAMPER

58-09MANUFACTURING COMPANY (CANADA) LIMITED
GALT, ONTÁRIO

ST. JOHN'S • SYDNEY • FREOERICTON • MONTREAL • KIRKLAND LAKE • TORONTO • SUDBURY • ELLIOT lAKE • WINNIPEG • CALGARY • VANCOUVER

Quebec Disfributor: FRONTENAC EQUIPMENT CO., Ville St. Laurent, Montreal.

Ont. & 6.C.: CONSTRUCTION EQUIPMENT COMPANY LIMITED.
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NEWS OF THE BRANCHES

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

BAIE COMEAU
G. W. Scott, M.E.I.C., Correspondent

WiNTER NAViGATiON was discusscd by Dr.

Huet Massue, M.E.I.C. on March 25. Dr.

Massue is general manager of the lower

St. Lawrence and Gulf Developments
Association.

Dr. Massue's oljservations and analysis

gave a olear indication of the enormoiis

industrial developments to be expected

along the north shore of the lower

St. Lawrence during the next ten years

particularly east of the Bersimis River,

where the Hydro Electric and mineral

resources of this area have yet to be

fully exploited. A final conclusion of Dr.

Massue's analysis was the necessity for

aU-year-round navigation in the lower

St. Lawrence.

CAPE BRETON
H. M. Aspinall, m.e.i.c, Correspondent

Radio-isotopes—Some of their Industrial

Applications was the subject discussed by
Frank L. Martin on March 31st, 1959.

Mr. Martin is research metallurgist, Dom-
inion Iron & Steel Company.

Mr. Martin discussed the use of radio-

active tracers in tlie study of water ílow

and gas flow; and in some industries.

Some examples were the examination of

a sheet metal for a thickness uniformity,

study of origin of non-metallic inclusions

in steel products.

The great interest of the audience of

thirty-five members and guests was
demonstrated by the brisk questioning

following the talk.

CENTRAL, B.C.

A. F. Joplin, M.E.I.C, Correspondent

Dr. k. f. tupper was guest at a dinner

meeting with Mrs. Tupper and with Dr.

and Mrs. Garnet T. Page on Marcii 19.

Dr. Tupper talked about the work of the

E.LC. concluding with interesting re-

marks on his and Dr. Page's visit to

Rússia. Dr. Tupper was present at the

dedication of a memorial plaque in

honour of pioneer engineers and
especially F. W. Groves who from 1908
until 1948 was primarily responsiblc for

the design and maintenance of irrigation

work in the vicinity of Kelowna. This

plaque is located on the shores of the

Okanagan Lake near the Kelowna Mem-
orial Museum.

CORNER BROOK
H. A. Hinton, jr.e.i.c, Correspondent

Labour unions were the subject of a

paper by F. J. Fitzpatrick on March 12.

Mr. Fitzpatrick is solicitor and assistant

secretary, Bowaters Newfoundland Pulp

& Paper Mills, Ltd. He outlined the legal

relationships between employers and
unions as well as some of tlie regulations

governing them individually.

Mr. Fitzpatrick thinks it is time for

some revisions of our labour legislation

perhaps along the lines of tlie so called

"Right to Work" laws of some states in

the U.S.A. A long lively question and
answer period followed, centring chiefly

around the current loggers' labour dis-

pute in Newfoundland.

EDMONTON
I. G. Finlay, m.e.i.c, Correspondent

Dr. r. e. folinsbee, Head, Department
of Geology, University of Alberta gave a

talk titled "Our Fuelish Hopes" on
February 17. In a general review of the

fuel situation in Alberta, Dr. Fohnsbee
pointed out that new exploration tech-

niques had accounted for a marked in-

crease in reserves of oil and gas in the

last ten years. However, these reserves

are minute as compared to those in the

Middle East and this in conjunction with
the ease of production in the Middle
East áreas make future for the industries

in Alberta somewhat cloudy.

The merits of additional pipeline con-

struction would appear to be doubtful

under the circumstances he said and in

view of the fact that discovery of new
oil or gas fields seems to be reaching a

maximum with present techniques.

Dr. JOHN T. DEUTSCH, Head of the De-
partment of Politicai Economy of the

University of British Columbia, was the

speaker on March 13. His subject was tlie

role of the engineer in Canadian de-

velopment.

E.I.C. PRESIDENT K. F. TUPPER, visitcd

the branch on March 30, when he re-

viewed tíie affairs of the Institute and
announced tlie Western Technical Con-
ference to be held in Banft next October.

Dr. Tupper told of his impression formed
in his traveis across Canada of the vast

potential of natural resources awaiting

development. He was accompanied by

general secretary Garnet Page, Mrs. Tup-
per and Mrs. Page.

Dr. Page presented an E.I.C. prize in

engineering to Robert K. Teshinia fourth

year student in engineering physics at

the University of Alberta.

The engineers wi\ es club of Ednionton
and the wives of the executive of tlie

Edmonton Branch entertained Mrs. Tup-
per and Mrs. Page at cocktails and dinner

on March 30.

FREDERICTON
Lyle W. Smith, jr.e.i.c, Correspondent

Robert lynch, speaking at a meeting of

March 16, pointed out some of tlie

changes which have taken place during

his twelve >'ears \yiú\ the Department of

Public \\'orks of New Bnmswick high-

way division. Modem high\\a\' practice

was being used in New Brunswick. Using

a cost coinparison, over ten years, Mr.

Lynch said that although the cost had
gone up considerabK" the standard of

highway has risen e\ en more.

HAMILTON
C. A. McCurd\ , jr.e.i.c, Correspondent

A. E. BERRY, m.e.i.c, General Manager
and Chief Engineer of The Ontário Water
Commission spoke on Febníary 19, about
the program of 0.\\".R.C. Following a

buífet luncheon, Dr. Berr>- opened his

remarks !)>• stating the scope of tiie com-
mission. The commission though given

\-eiy wide powers in 1957 is reluctant

to use the more extreme powers.

Some of these powers are, action

against cominimit\" if it is not pro\ iding

satisfactory water ser\ ice to its consumers,

aiding neighbouring municipalities to

work jointly to solve mutual problems of

water resources and action to pre\ent

pollution of Ontario's waters. The com-
mission will place in use in 1959 its new
laborator\-.

LAKEHEAD
G. O. Hanson. jr.e.i.c. Correspondent

Noel daxt spoke at the meeting of

March 31, on the subject of the diroction

the future expansion of tlie Lakehead
will take. due to the influonoo of tho

Seawa\'. Mr. Dant is director of the Lake-
head planning board. His interesting and
informative talk was heard b\- about fort>"

members of the branch as he outlined

some of the problems oonfronting this

area. Tliere are nian\' opinions as to the
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efFect of the seaway, and Mr. Dant feels

that a few years of operation are needed

before the full potential coiild be assessed.

One opinion is tliat the first ten years oí

the seaway will belong to eastern Canada
while the second decade of operation will

bring major changes to the Lakehead
area. A lively discussion period followed

Mr. Dant's talk.

LETHBRIDGE
G. G. Campbell, m.e.i.c, Correspondem

Plastics was the subject discussed on

February 20, by Jack Burkell, process

engineer supervisor, of C-I-L, Edmonton.
The location of the polythene plant in

Edmonton was mainly due to the gas

field supply, and the properties of the

gas. The main problem in production of

polythene is that temperatures are criticai,

and pressures of 30,000 p.s.i. are required.

MONTREAL, Júnior Branch

R. D. Hatfield, s.e.i.c, Correspondent

Students night was on January 28, with

four speakers, two from Ecole Polytech-

nique and two students from McGill Uni-

versity. A successful turnout of over 100
students was the result. Two of the papers

were given in French and two in English,

the topics being directly concerned with

Fíve of the Montreal Student Guidance
Commíttee members: Howard Tinkler,

Florian Leroux, Herb Moore, Don Young
and Jack Hahn.

the students' studies and snmmer employ-
ment.

NIPISSING AND UPPER OTTAWA
D. J. Thornton, s.e.i.c, Correspondent

WiNG COMMANDER HAROLD J. M. LON-
DEAU spoke at the meeting of March 11

on the subject "The Engineer in the

R.C.A.F." The speaker is from R.C.A.F.

Headquarters, Ottawa. As in previous

years the branch was host to the Grade
13 students from North Bay, Sturgeon

Falis and Temiskaming who intend to

follow an engineering career. The dinner

meeting was attended by about 100 mem-
bers and their student guests. Wing Com-
mander Londeau discussed the various

requirements of an engineer in the Air

Force and the fields in which today s

engineer might expect to be working in

Don Famsworth, Erlend Skolseg, Speaker
Wing Cmdr. H. J. M. Londeau, J. S.

Cooper, chairman, and Ron Granger, at

meeting of Nipissing and Upper Ottawa
Branch.

the future. An Air Force fílm was shown
after which there was an informal dis-

cussion.

OTTAWA
D. R. Grimes, jr.e.i.c., Correspondent

A suMMARY OF MEETiNGs since January is

as follows:

.50th anniversary dinner january 17.

Approximately 170 people attended the

dinner celebrating the 50 years of the

Ottawa Branch of the Institute. At the

Anniversary Dinner greetings to the

Branch were given by Hon. Howard
Green, Minister of Public Works and His

Worship Mayor George Nelms. There
were anniversary comments from some
sénior members of the Branch and greet-

Pete: "You mean this is a factory?"

Eddie: "/'m holding up a factory?"

Sheila: ''Yan are, Eddie— both of you are!''''

Boys:

Sheila

;

'How ,9"

"Because so many engineers and

contractors chose vour Plain End
Clay Pipe, an all-new factory had to

be builtjust to make enough coiiplings

to fill orders. So this coupling means

a factory, see?"

USE

PLAIN END VITRIFIED CLAY PIPE

FITTINGS & COUPLINGS

No infiltratlon No exfiltrotion Root-Proof forever

Plain End Pipe from 4" fo 24"

NATIONAL SEWER PIPE
LIMITED

Sales Office: «

P.O. BOX 18, Buy Canadian

OAKVILLE, ONT. because it's besi
Re-iníroducinfi Pete & Eddie
Regislered Trade Mark PE Pipe

Beaurv b\ Sheila Billing

Stage & TV òtar
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ings to the brandi from Dr. K. F. Tiipper,

Prt sidont of tlio Institute. The brandi was
fí uncUnl in Januar>- 1909 vvhcn thirt>-five

persons atteniloil a nu>oting wliidi elected

Col. \\'. P. Anderson as diairnian. Since

tliat first nieeting nienibersliip of the

branc-li has ehnibed to more than 1,000,

inehiding some 300 student members.
LuNCHEON MEETiNG Febriiarv 5th.

At this nieeting Col. W. A. Capelle,

xr.E.i.c. spoke al^out the Canadian Amiy
in Gaza. He said Israeli and Arab border
incidents have been practically climinated
by the 1'nited Nations Emergency Force
gnarding the Gaza strip. Col. Capelle
gave highliglits of liis recent year's duty
witli Canada's contribution of 900 iiien

at the UNEF camp at Rafah in the

Sinai area.

Papers nic.ht—Júnior Section,

The Júnior Section of the brandi ar-

ranged Papers Night on February 27, at

vvhich seven papers were given and at

whicli three judges had the difficult

probleni of selecting winners who were as

follows:

In the júnior section,

First—K. Burn of National Re-
search Council for bis paper Techniques
of Measuring Moisture Content of Soils

by Using Radioactive Materials.

Second—F. Marchand of Marchand
Electric Company for his paper "Auto-
matic Controls in Machines".

Students section

First—]. Therrien of Ottawa University
who gave a shde illustrated talk on
"Tellorometer".

Second—P. Lemay of Ottawa University

who spoke on "Some Aspects of Appli-

cation of Nuclear Magnetic Resonance".

VisiT TO building RESEARCH CENTRE Feb-
ruary 19. Sixty members took part in a

tour of the Building Research Centre

National Research Council on February
19. To start the tour R. F. Legget,

Director of the Division spoke on the

broad field of building research in Can-
ada, stressing that portion of the Division's

work which was being carried out in

various parts of the country. The tour

included visits to laboratories engaged in

work on building materiais (concrete,

niasonry and paint), soil mechanics and
snow and ice. In addition visits were paid
to the acoustics and structures labora-

tories as well as to laboratories engaged
in work on thermal insulation and vapour
permeabilíty.

LuNCHEON MEETING, March 5.

Russell Smart, Barrister, Ottawa spwke
on Patents of Invention. Patent protec-

tion is vital to both inventor and manu-
facturer said Mr. Smart. Patents fonii

a mediími of exchange in industry and
result in a freer exchange of technical

knowledge between difíerent members.

PETERBOROUGH
J. G. Hooper, m.e.i.c, Correspondent

Building in the far north of canada
was discussed by Robert F. Legget, on
March 12, 1959. Dr. Legget is Director

of Building Research, National Research

Council. His audience numbered one
hundred and fort>' members and guests.

If Canadians move into that vast area

to mine or driU for oil they wi'l have to

leam hov/ to adapt themselves to it Mr.

Legget said.

The new site for Aklavik, is an example
of a planned nortliem Canadian settle-

ment. Buildings are constructed on
wooden piles. The piles are not driven

into the ground; holes are bored by
steam, the posts are ínserted, and the

pemia-frost is allowed to freeze around
them.

ST. MAURICE VALLEY
E. A. Love, jR.E.i.c, Correspondent

A SUMM.A.RY OF BR-VNXH MEETINGS is aS

follows

:

Satellites. A talk by D. L. Mordell.

Dean of Engineering. McGill Universit>-,

December 2, 1958.
"

Dean Mordell outlined the possibiLties

of limited space travei by human beings

within the next 15 >ears and possibh"

sooner.

Home building, some Do's and Dont's,

were gi\en by Bert Prime, editor of

Represented in Cannda by:

David McGill & Son Ltd.,
16 St. Johns Road,

Pointe Claire,
MONTREAL, 33.

John Thompson-Leonard Ltd.,
P.O. Box 4 29, London, Ontário
and
62 Water Street. St. John,
New Brunswick.

Agents for WINNIPEG. MANITOBA
Halls Associates (Western) Ltd..
1045 Erin Street, Winnipeg, 10.

There are two main t\pes of Bootli Steel Rolling Shutters—
FIREPROOF in accoidance with the mies of the Fire
Office's Committee: and \\'EATHERPROOF which are

specially suitable for Garages, Workshops, Stores. Loading
Ways, etc. Booths specialíze in electiicalK- operated shutters

for large and unusual openings. These can be fitted with
an electro sensitive bottom rail which will stop the shutter
and reverse it to the fully open position should it meet with
any obstruction on its downward travei.

A shutter 15 ft. high can be operated or closed in less than
20 seconds.

BOOTH
STEEL ROLLING SHUTTERS
JOHN BOOTH & SONS (BOLTON) LTD.

HULTON STEELWORKS, BOLTON. ENGL.A.ND.

Telephone: BOLTON 1195

London office: 26 Victoria Street. Westminster. S.W.l.

Telephone: ABBEY 7162.

NORTHERN ASBESTOS & BUILDING SUPPLIES (B.C.l LTD.
Vancouver, B.C.—3455 Bainbridpe Ave.. North Burnaby
Also at Prince George. B.C. and Victoria, B.C.

NORTHERN ASBESTOS & BUILDING SUPPLIES LTD.
Regina, Sask.—7th Avenue and Smith
Also at Saskatoon, Sask., Ednionton. Alta.
Calgary, Alta., Lethbridge, Alta.
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Buying instrument transformers?

Here are reasons why
the trend ín Canada is fo

H ASEA OIL-MINIMUM

Voltage and Current Transformers:

A typical ASEA 115 KV type EMFA
Potential Transformei- installation.

In the past few years important power companies across

Canada have purchased hundreds of reliable, advanced-
design ASEA Oil-Minimum Voltage and Current Trans-
formers.

We have excellent literature on each outlining ali the
advantages with details of construction. Briefly, you should
reniember that the chief features are these:

1 : COMPACT—They weigh less and take less space for eas>-

installation.

2: MAINTENANCE-FREE: They are hermetically sealed.

no filtering, no oil changing, no supervision of the oil

whatsoever;

3: SELECTION: Two secondary windings with burdens
and ratios to meet your requirements.

4: APPROVAL: Certification by the Department of Trade
and Comnierce available.

5: ECONOMICAL: Lew initial cost, low installation cost,

no maintenance costs.

you will find it worthwhile to investigate ASEA's high
reputation in this field. For literature, together tvith names
of satisfied Canadian users, tvrite to Caimdian ASEA
Electric Ltd., P.O. Box 670, Station "B", Montreal, Que.

ELíCTRK LIMITED
MONTRIAL
TORONTO
VANCOUViR
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• BRANCH NEWS
"Canadian Biiilder' on Januarj' 15. Mr.
Priine"s talk dealt primarily with the

present trond in house biiilding vvliicli he
lias i)bser\od acioss Canada. Mr. Prime
suggested that prospective home builders

shmild inxestigate tlie varioiís a.spects of

liome buildiíii; very closely before they
become finaiicially involved and he noted
the excellent advice that was avaihible to

theni from tlie C.M.H.A. A .short question

period followed.

uiNNER MEETiNG A visit of the presidcnt

to the lirancli was niarked on February
26, 1959 with a cocktail party and din-

ner. Mr. Tupper was accompanied by
general secretary Garnet Page.

TORONTO
D. R. Abbey, m.e.i.c, Correspondem

Two MEETiNGS were held by the Toronto
Branch, March 5 and March 19 speakers

were E. B. Danard, Babcock-Wileox and
Goldie McCullock Limited, Toronto and
Dr. Lapp, project engineer, missile di-

vision, de Havilland Aircraft of Canada
Limited, Downsview, Ont.

Mr. Danard said that the engineer is

always searching for better and more
eíRcient ways to accomphsh results. In

the thermal power field, this may be
done by means of increased cycle eíR-

ciency. He outhned the advances in steam

generation technique ending with an
outline of a plant generating at 4500
p.s.i.

Dr. Lapp commented that Canada
entered the air age five years after the
Wright Brothers flew at Kitty Hawk,
but by present indications a longer wait
will occur before Canada enters the
space age. The speaker showed how space

flight is calling on the ingenuity of ali

cngineering disciplines. For example
missilry, is one of the activities which
generated the systems engineer. Dr. Lapp
reviewed the situation with respect to

rocket fuels currently used, possible fu-

ture trends, and the exotic fuels still

on the horizon.

CoRRECTiON. In a report of the Branch
annual meeting, March issue, page 108,

attendance was given as 32, whereas the

correct attendance figure was 324.

VANCOUVER
J. J. Kaller, m.e.i.c, Correspondent

Gordon w. spratt, m.e.i.c, operations

manager with MacDonald & MacDonald
Ltd., inspecting and testing engineers

spoke on Concrete AdmLxtures on Janu-
ary 22. Admixtures are used in producing
concrete in difficult or specific conditions.

In Vancouver less than 20% of total

production of concrete is without ad-

mixtures. Properties of these chemicals

were given and results to be expected
from using particular admixtures were
described.

Professional development course
The Program is as foUows: Februar>

4—Principies of Management, Februarx-

11—Business Forecasts and Planning,

February 18—Organization Problems,

February 25—Industrial Engineering—
Tools and Applications, March 4—Busi-
ness Accounting and Finance, March 11—
Corporate Investment Policy, March 18—
Management and Labour, March 25—
Management Consulting.

YUKON
E. W. King, m.e.i.c, Correspotident

Special guest at tlie meeting of March
26, 1959 was Dr. Kennetli F. Tupper
president of tíie Engineering Institute,

who spoke in detail of the intemational

affihations of the E.I.C. He also spoke

in some detail of the trip to Rússia

taken by himself and Dr. Page in late

1958.

This was a dinner meeting with ap-

proximately 70 present. At the conclu-

sion of the meeting a film was shown
which demonstrates reconnaissance of tlie

road from Dawson Citx' to Fort McPlier-

son which was carried out in 1958 b>"

Federal Department of Public Works
engineers.

CONSTRUCTION
TO MEET CANADIAN PROGRESS
A power development in Northern

Manitoba ... a grain elevator in

Quebec . . . industrial and cement

plants in Ontário . . . highway

construction to keep Canadian

wheels rolling . . . these are just

a few of the construction projects

which we have undertaken to meet

the challenge of Canadian progress.

CÁRTER
THE CÁRTER CONSTRUCTION COMPANY LIMITED

TORONTO: 419 CHERRY ST., PHONE EMpire 3-5U1
WINNIPEG: 525 KYLEMORE AVE., PHONE 43-2233

CONrRACrORS FOR OVtR 50 YEARS

146 THE ENGINEERING JOURNAL—MAY, 1959



LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY« REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prepared by the Library, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Socleties Library in New
York.

THE CHEMICAL KINETICS OF ENZYME
REACTION

A general account of the subject,

bringing together some of the main re-

sults and concepts developed on the

physical side. The first eight chapters

deal with general principies, basic kinetic

laws, mechanisms, hydrostatic pressure

etc. The remaining chapters cover in-

dividual enzyme systems. The book will

be primarily of interest to those in the

biological and physical sciences. The
author is Professor of Chemistry at the

University of Ottawa. (K. J. Laidler.

Toronto, Oxford, 1958. 419p., $9.00.)

AN INTRODUCTION TO FLUID DYNAMICS

Intended primarily for students in

mathematics and theoretical physics, this

volume concentrates on fundamental dy-

namical principies and their applications

to fluid flovi'. The topics covered inchide

the theory and properties of the perfect

fluid, Bernoulli's theorem, irrotational

flow, velocity potential, forces on a body
in a uniform stream, discontinuous flow,

design of wing profiles, slender-body

theory, etc. (G. Temple. Toronto, Oxford,

1958. 195p., $3.75.)

ELECTRONIC AVICATION ENGINEERING

Avigation is "the science or art of

conducting aircraft in flight froni one
point to another". Electronic avigation

engineering covers radio and electronic

aids to aviation. The systems are grouped
in four classes, according to use in long-

distance flights, short flights, approach
and landing zone, and the airport zone.

The equipment described includes: direc-

tion finders, consol, navaglobe-navarho,

decca, delrac, radux, loran, radar, inertial

systems, distance measurement, tacan,

fixed-beam and radar low-approach sys-

tems, ground magnetic loops, etc. Many
references are included for further read-

ing. (P.C. Sandretto. New York, Interna-

tional Telephone and Telegraph Corp.,

1958. 722p., $9.50.)

"ELECTRIC LIFTS, 4tH ED.

Various aspects of design and installa-

tion of elevators are covered, including

drives, roping systems, motors, variable

voltage equipment, brakes, gearing, cars

and guides, gates and doors, floor level-

ing, and control systems. In this edition

new illustrations are given for more re-

cent equipment and the text has been
rewritten to conform with recent prac-

tice. (R. S. Phillips. Toronto, Pitman,

1958. 41 Ip., 63/-.)

'SOLID propellant rockets; AN
INTRODUCTORY HANDBOOK; SECOND STAGE

This second edition contains additional

chapters covering new developments and
recently declassified information, includ-

ing new applications, propellant tech-

nology, hybrid rockets, and safety. A par-

ticular feature of the volume is the ex-

tensive bibliography of over 800 items

dealing with solid propellants. (A. J.

Zaehringer. Wyandotte, Mich., American
Rocket Co., 1958. 306p., $8.00.)

THE PHYSICAL CHEMISTRY OF
STEELMAKING

The proceedings of a conference held

at M.I.T. in 1956, summarizing present

knowledge in the field, and including the

results of recent fundamental research

and its application to current problems.

The subjects covered at the sessions were:

liquid metais and properties of solutes in

liquid iron and steel; equilibria of reac-

tions in liquid iron and steel; behaviour
of metal oxides and of components of

iron and steelmaking slags; slag-metal

equilibria in blast-furnace and steel-mak-

ing furnace systems; kinetics and slag-

metal reactions; reaction rates in iron and
steelmaking processes; solidification of

castings and ingots. (J. F. ElUott, ed.

New York, Wiley, 1958. 257p., $15.00.)

"FUNDAMENTALS OF ADVANCED MISSILES

Gives the basic principies determining
the performance of guided missiles, bal-

listic missiles, and space vehicles. Dis-

cussed are kinematics of flight, applica-

tion of fluid mechanics to aerodynaniics

and propulsion, dynamics, properties of

microwaves, application of infrared radia-

tion, radar, guidance, and guided-missile

systems. Information is presented from
the point of view of theory, experimenta-
tion, and typical examples encountered
in practice, rather than detailed design of

missile types. (R. B. Dow. New York,

Wiley, 1958. 567p., $11.75.)

"industrial HYGIENE AND TOXICOLOGY,
VOL. 1: GENERAL PRINCIPLES, 2nD ED.

An extensive treatise on industrial

health. Revisions in this volume cover

such áreas as noise and its environmental

implications, heat and its control, ionizing

radiation exposures and the inhalation

and ingestion of radioactive gases and
aerosols, human engineering and indus-

trial safety, industrial sanitation, air pol-

lution, and illumination. (F. A. Patty, ed.

New York, Interscience, 1958. 830p.,

$17.50.)

EDITORIAL NOTES FROM CONCRETE AND
CONSTRUCTIONAL ENGINEERING

The main purpose behind these essays

is to encourage engineers and scientists

to explore beyond technical problems,

and to point out the pitfalls besetting

those who have not developed an in-

quiring and logical mind. The essays are

concerned particularly with civil and
structural engineering, but can be read

with profit by most engineers. (H. L.

Childe. London, Concrete Publications,

1958. 83p., $1.75.)

"rEINFORCED concrete FUNDAMENTALS

Emphasis is placed on the physical be-

haviour of reinforced concrete members
and the approved ultimate strength

theory. Included are enough details of

ultimate strength design for practical use,

information on the American Concrete
Institute Building Code requirements,

and a comparison between ultimate

strength and working stress anabsis. Ad-
ditional features of the book are a

thorough treatment of slabs, working
stress methods in detail, and an emphasis
on anchorage length as well as moment
in its coverage of bend points for steel.

(P.M. Ferguson. New York, Wiley, 1958.

604p., $11.50.)

OUR FOREST HER1TAGE

The first part of this interesting book
is the story of the development of forestry

and recreation in New Hamshire, where
an intelligent conservation programme
has been pursued for the last sixt>- years.

The author's personal reminiscences in

the second part cover woods operations

in New Hampshire and Canada in the

early part of this centur>-. (W. R. Brown.
Concord, New Hampshire Historical So-
ciety, 1958. 341p., $5.00.)

"natural aerodynamics

A study of the physical principies and
processes of fluid motion. Topics dis-

cussed include vorticity, viscosity, boun-
dary layers, wakes and turbulence, buoy-
ant convection. plumes and jets, air

waves, and clouds and fallouts. Much of

the material contained is of interest to

the person working witli air pollution
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• LIBRARY NOTES

problems. (R. S. Scorer. New York, Per-

ganion, 1958. 312p., $9.00.)

"lINEAH PROGRAMMING and ASSOCIATED
TECHMQVES

A hililiography containing over one
thousaiid iteins up to tlie year 1957. Par-
ticular einphasis is placed on applied
fields sutli as production scheduling and
iiuentorv control, while certain parallel

fields as game theorv and linear ine-

qualities are somewhat restricted. Ab-
stracts or annotations are given for most
of the items listed. (Vera Riley and S. I.

Gass. Baltimore, Johns Hopkins Univer-

sity, for Operations Research Office,

1958. 613p., $6.00.

)

"COATED ABRASIVES MODERN TOOL OF
INDUSTRY

Describes how abrasives are manu-
factured and the various factors involved

in their effective use in the metalwork-
ing, woodworking, glass and plastics in-

dustries, and in applications ranging from
heavy material renioval to fine polish-

ing. Many recent advances are covered
including new automatic machinery and
various applications such as strip scour-

ing, pre-plate finishing, and contour

finishing. (Coated Abrasives Manufac-
turer's Institute. Toronto, McGraw-Hill,
1958. 426 p., $9.80.)

"design and construction of asphalt
pavements

Discusses such aspects as types of

asphalt pavements, petroleum asphalts,

mineral aggregates, design and construc-

tion of hot-mix asphaltic concrete pa\ e-

ments, asphalt pavements and bases em-
ploying liquid asphalts, surface treatment

and seal coats, and reconstruction of old

pavements. A feature of the volume is

the appendix on laboratory-mix design of

asphaltic concrete. (J. Rogers Martin and
H. A. Wallace. Toronto, McGraw-Hill.
1958. 305p., $13.25.)

'engineering vibrations, with
applications to sthuctures and
machinery

Introduction to the analysis of techni-

cal vibrations of linear and nonlinear sys-

tems wdth particular emphasis on the

transient state of motion. Classical analy-

tical methods are used where feasible as

are approximate methods, including the

phase-plane graphical method for the

solution of transient problems and the

Ritz a\ eraging method for solving steady

state nonlinear problems. Attention is

given to the physical aspects of \ ibration

problems, and nonlinear relationships are

introduced where possible. (L.S. Jacobsen

and R. S. Ayre. Toronto. McGraw-Hill.
1958. 564p., $12.00.)

°GLASS ENGINEERING HANDBOOK, 2nD ED.

A handbook on the composition, manu-
facture, properties, and applications of

glass as an engineering material. In ad-

dition to co\ erage of tlie more commonl\-

known glasses, there is information on
photo-sensitive glass, glass-ceraniics, elec-

tricalK- conducting glass, glass in elec-

tronic circuit components, and glass-rein-

forced plastics. Specific aspects given

treatment are stress testing and strength

determination, radiation conductivit>-

emissivity, and high energ\' radiation ef-

fects. An extensive section is devoted to

fibrous glass. (E. B. Shand. Toronto. Mc-
Graw-HUl, 1958. 484p., $12.00.)

"nonlinear PROBLEMS IN RANDOM
THEORY

In tlie first comprehensi%"e study of the

application of randoni tlieor>- to non-

linear processes, a top-rank madiematical

analyst examines tlie role of nonlinear

processes in ph>'sics. niatlieniatics, eléc-

trica! engineering, ph>-siolog>', and com-
munication theory. He demonstrates how
randoni processes — in space as well as

in time — enter into the study of statis-

tical mechanisms, a useful approach to

new rcsearch in gas and plasma theorv-.

for instance. (N. \Mener. New York.

Wiley, 1958. 131p., $4.50.)

"elementaby mathematical
programming

Intended as an intermediate approach.

the subject is presented in relati\ ely non-

matlieniatical teniis. Following a general

treatment of tlie distribution, simplex.

and approximation methods. the com-
plete solution and anaKsis of two t>iiical

industrial problems is presented: a nianu-

facturing and a blending probleni. The

Precise photo contour mops
Here is all the detail of an air photo,

combined with precise contours.

Highways or other engineering

work can be planned in the ofíice.

Field personnel can quickly locate

criticai points, spot elevations and
drainage pattems. Soils and outcrop

data can be correlated with the basic

map. Photo Contour Maps are avail-

able in various contour intervals

and scales. Prepared on stable base

film negativas, they afford a variety

of reproduction methods : photo-

graphic prints or OzaHd prints, show-

ing photo image only, contours only

—or both. This is a true map—not a

mosaic with superimposed contours.

We welcome the opportunity to

discuss the apphcation of this new
mapping aid to your planning and

design problems.

CANADIAN AERO SERVICE LIMITED
348 Queen Street • Ottawa
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applicability of high-speed computers for

solving problems is then discussed, and
available computer programs are in-

dicated which will accomplish the solu-

tion of mathematical programming prob-
lems. The remainder of the book illus-

trates the details of various problems
solved by programming. (R. W. Metzger.
New York, Wiley, 1958. 246p., $5.95.)

*estimating construction costs,
2nd ed.

A practical text outlining various meth-
ods of preparing estimates. This edition

lias been expanded to include more in-

formation on bonds, insurance, and de-
preciation of equipment, as well as new
Information on stone masonry, house car-

pentry, interior finish, millwork, wall-

board, lathing, plastering, painting, glass,

glazing, roofing, plumbing, and electrical

wiring. Costs data has been brought up
to date throughout. (R. L. Peurifoy.

Toronto, McGraw-Hill, 1958. 446p.,
$11.20.)

FBI RECISTER OF BRITISH MANUFACTURES,
1959

The classified Buyers* Cuide lists the

products and services of over 7,500 mem-
bers of the Federation of British Indus-
tries under some 5,400 headings. Other
sections give the addresses of companies,
trade associations, trade marks, and pro-

prietary names. (F.B.I. London, Iliffe,

1959. 11.39p., 42/-.)

ASRE AIR CONDITIONING-REFRIGERATING
DATA BOOK. VOL. 1: REFRIGERATION
APPLICATIONS

The first of a projected four volume
series of Data Books to be issued during
the ne.xt three years, to cover ali phases
of the industry. This volume deals with
the use of refrigeration in the storage,

processing, handling and distribution of

foods- and beverages; low temperature
applications in the fields of medicine,

metallurgy and cryogenics; industrial ap-

plications including ice manufacture,
skating rinks, concrete dams, foundations,

liquid cooling and photography; refriger-

ation piping systems.

These volumes grow out of the ASRE
Applications and Design Data Books. and
they will be revised in rotation. (P. B.

Christensen, ed. New York, American
Society of Refrigerating Engineers, 1958.

irreg. paging, $12.00.)

"growth and perfection of crvstals

Reports of an international conference
held at Cooperstown, New York in 1958,
on crystal phenomena, polymer crystal-

lization, and crystallization of simpler

moléculas. Organic, inorganic, and poly-

meric substances are investigated from
the standpoint of crystal perfection, for-

mation and structure of whiskers, pres-

ence of dislocations, and the mechanism
of crystal growth from the melt, solu-

tion, and vapor. Several papers emphasize
the differences and similarities between
polymer and ordinary cryst;illization. A
special feature is the bringing together of

literature on whisker phenomena dating

back to 1574. (Ed. by R. H. Doremus
and others. New York, Wiley, 1958.

609p. $12.50.)

"magnetic amplifiers: theory and
application

The fundamentais of magnetism, elec-

tromagnetism, and electromagnetic induc-

tion are discussed in the preliminary

chapters. This is followed by a descrip-

tion of the theory, operation, and applica-

tion of saturable reactors and magnetic
amplifiers in both feedback and non-

feedback cases. Present commercial and
industrial uses are presented in detail as

are the advantages and disadvantages of

the magnetic amplifier. (S. Platt. Engle-

wood Cliffs, N.J.. Prentice-Hall, 1958.

2.38p., $7.00.)

"FUNDAMENTALS OF DIGITAL COMPUTERS

Following a discussion of fundamentais

the author explains computer arithmetic

applications, binary counting, and special

codes; computer circuitry, including the

various gates and the circuitry utilizing

them, various storage systems found in

modern computers; computer program-

ming, including specific examples of pro-

gramming applied to commercial units;

comprehensive descriptions of representa-

tive commercial computers. A concluding

section deals with servicing and mainten-

ance factors. (M. Mandl. Englewood
Cliffs, N.J., Prentice-Hall, 1958. 297p.,

$9.00.) (Continued on Page 184)

NEW DRHIGING ECONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

3 Generations of Experience in 19 Countries.

One of a large group of dredging companies
spread over three continents.

Resources include 41 dredges and 112

supporting vessels of every type and size.

Beaver Dredging will be pleased to provide

informafion and preliminary estimafes.

COMPANY LIMITED
Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cab/e Address "Filling"
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Blackstone E.R.S. 8 Turbo charged

Diesel 660 BHP continuous 750 RPM.

ALL KINDS OF

POWER

Listar HA3 air cooled lightweight Diesel 30 BHP continuous 1800 RPM.

LISTER-BLACKSTONE

DIESEL ENGINES
Wherever you use Diesel power, there is a

Lister-Blackstone engine to handle the job
efficiently, economically. The fuU line includes units
from 33 2 to 1400 BHP.

Built in a tradition of reliability, ali models incor-

porate the very latest improvements in Diesel design.

Easy maintenance and dependable operation are
assured when you specify Lister-Blackstone. Service
and spare parts are available from coast to coast.

Write US for details indicating application.

CANADIAN LISTER-BLACKSTONE
LIMITED

VANCOUVER TORONTO MONTREAL
3135 West Broadway 1921 Eglinton Ave. E., 25 St. James St.,

Scarborough Ville St. Peirre

In the U.S.: Lister-Blackstone, Inc., 42-32 2l£t Street, Long Island City 1, N.Y.

150

I

STRONGER THAN THE BOLT'

C I N C H
EXPANSION
BOLT-
ANCHORS

CINCH Expansion Anchors are unsurpassed for fastening

bolts in concrete, stone, or other sound materiais. They
are quickiy and eosily installed and provide o permonent
anchorage under ali types of lood conditions. Made for

3 16" to 3" diam. bolts. Full data, stress tables etc. on
request.

Conodian made by

CANADIAN CINCH ANCHORING SYSTEMS LIMITED

2095 MADISON AVE., MONTREAL, QUE.

DA Lm.
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Other special literature

offered by Stelco, as

illustrated here, is also

available on request.

Indicate your wishes in

the space provided on

the coupon.

STAMOASD

anil DATA TAKIIS

CARBON STEELS. Standard section bars, rolled from new open
hearfh billets, and conforming to A.I.S.I. Specifications, are regu-

larly available. Many special sections are also rolled.

"STRENLITE". Stelco "Strenlite" is a new high strength steei,

íntended primarily for structural applications. It is strong, yet

ight ... is highiy resistant to corrosion and abrasion . . . and
responds well to weiding and angle forming.

"STELCOLOY". A high tensile, low alioy steeI, particularly suitable

for equipment and structures exposed to severe treatment in ali

weathers. It is easily formed and welded and offers as much as

25% weight reduction compared with plain carbon steels.

LEADED STEELS. For the first time in Canada, Stelco is now produc-

ing carbon and alIoy steels with a lead addition, to any standard
specification. Leaded steels permit faster machining, with a
better finish, and prolong too! life.

THi STEEL COMPANY OF CANADA, LIMITED,

Bar Mill Products Division,

Wilcex Street, Hamilton, Ont.

Please send me your Bar Mill Products Catalogue, together with the

special literature as indicated.

Name

.

Company.

Address. .

Standard Steel Analyset and
Steel Data Tables Q

"Strenlite" Data Q
"Stelcoioy" Data Q
Leaded Steeit Data Q

THE STEEL COMPANY
OF CANADA, LIMITED

Execwtive Offices: Hamilton and Montreal

Salej Offices: Halifax, Saint John, Montreal, Otfawa,

Toronto, Hamilton, London, Windsor, Winnipeg,

Edmonton, Voncouver.

J. C. Pralt & Co. Limited, St. John's, Newfogndland.

59022.

B
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'Operator -

C.N.R. Research

& Development

Department,

please..

Here is a man of good sense. A big

man — big enough to admit that,

while he knows what kind of plant

he w ants to build, it is worth while

comparing notes on the important

matter of where it should be located

to achieve the best results.

Sound industrial placement in-

volves a type of economic analysis

vvith which our Development Branch

is familiar. Be sure to consult them,

however, in the early stages of your

planning. You incur no obligation

whatever.

Dept. of Research

& Development

Room 709, 407 McGill St„

Montreal 1 , Que.

Hanadian
National

Railways

Industrial Development Offices at

MONCTON QUEBEC MONTREAL TORONTO
WINNIPEG EDMONTON VANCOUVER

NEW YORK, N.Y. DETROIT, MICH. LONDON, ENG.

E.I.C. CERTIFICATE OF ADYERTISING MERIT
The fifty members of the Institute

who were asked to judge — from the

viewpoints of ACCURACY - INFORM-
ATION - ATTRACTION - the ad-

vertisements in the February issue of

the Journal, voted strongly in favour of

the four-colour insert advertising cable

manufactured by the Canada Wire and
Cable Company Limited.

Each month, fifty members are being

asked to scrutinize the current issue of

the Journal and to select tlie advertise-

nient which they consider to have out-

standing merit. This method of judging

the advertisements is part of a contin-

uous effort to improve the content of

THE ENGINEERING JOURNAL and
to assist the advertisers in presenting

their advertising messages in a manner
pleasing to the readers.

The advertisement in the February
issue which received the second highest

number of votes was a double page
spread (on pages 12 and 13) released by
General Electric Company Limited of

England. This advertisement is headed
"The Power of Johannesburg".

9Bwcr iflbí': rtior s t

Front Back

W inning Canada W ire and Cable Company Insert

This four-colour insert appeared on pages 97 and 98 of the Februan.- 1959 issue.

It was voted best in the issue—from the viewpoints of ACCUR.\Cy — INFORM.\-
TION — ATTRACTION — by a large majority of the jur> made up of fift>

members of the Institute. The advertisement was prepared by Walsh Advertising
Company Limited, Toronto.

• BRIEFS

New African Companies — The incorpor-

ation of two new companies, Ghana Al-

uminium Products Limited and Nigéria

Aluminium Products Limited is an-

nounced by Aluniiniimi Limited of

Canada.

Saltbath Fumace — Canadian General
Electric announces tliat the new Ajax

submerged-electrode saltbath furnace was
to be demonstrated at tlie National In-

dustrial Production Show of Canada,

Toronto, May 4-8.

C-I-L Today — This was the nanie of the

film which was the feature of the annual

staff functions of the company in Mont-
real and Toronto last Januar\'; the theme;

"Time for testing our competence." Mem-
bers of staff had the opportunity of

mceting the new president, Peter C.

Allen.

New Catalogue — Xow available from
Air Reduction Canada Limited and
dealers from coast to coast is a fully

ilhistrated 60 page "General ^^'elding.

Cutting and Accessories Catalogue."

Copies available from the compan>-, 905

Hodge Street, Níontreal 9.

Brick Floors — A 4-page bulletin—"Tiie

Embeco Method for Setting Floor Brick".

published hy The Master Builders Com-
pan>', Ltd. describes brick floor installa-

tion with corrosion-resistant and wcar-

resistant joints. For free copy wTitc for

Bulletin E-27B. The Master Builders

Compam', Ltd., Toronto 9, Ont.

ASE.\ Journal — Wilume 31, 195S fea-

tures an articlo about a stacker crano with

a lifting height of 21 ft., capacity of 2

tons. It has proved to be invaluablo in

the hantlling of goods in stores and \x-are-

houses.
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The job moves along fast
with Transite and the Ring-Tite Coupling!

Sectional view of Ring-Tite
Coupling. Ring is cut away to
show how rings are compressed
and locked in grooves

—

a tight,

lasting seaU

Transite Pressure Pipe is lig^ht-

weight and easy-to-handle . . .

quickly assembledwith the Ring-
Tite Coupling!

With Transite® Pipe, installation crews
move along fast! So fast, they con-

sistently keep up with the excavator

—

instalUng pipe as rapidly as the trench

can be opened.

Ease of handhng and simpUfied as-

sembly explain these advantages. Light
in weight. Transite is easier to truck,

easier to handle on the job. With the

Ring-Tite® CoupUng only simplest tools

are needed for joining—pipe ends are

automatically positioned within the
couphng to allow for expansion.

So save while you assure city offi-

cials and engineers top economy, long
trouble-free performance with Transite.
For its smooth interior (flow coefficient

is C = 140) often permits selection of
smaller diameter pipe . . . always keeps
pumping costs low. And since Transite
can't tuberculate, water systems can
be designed without allowing for future
flow reduction caused by that form of
interior corrosion.

Let US send you further information
on Transite asbestos - cement Pressure
Pipe and the Ring-Tite CoupUng. Write
for booklet, TR-160A, to Dept. IA,
Canadian Johns-Manville Co. Ltd.,

Port Credit, Ontário.

Dimt.MANVftU

[Qi Johns-Manville transite pressure pipe
ouo»J 1.3042
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• LIBRARY NOTES
{Couliniicd froiu pti^c 149)

"OPERATIONS RESEARCH lOR INDUSTRIAL
MANAGEMENT

Presents re(.entK- de\ rloped opeiations

research techniqiies used for execiitive

decision niakini; vvith tMiiphasis on siniula-

tion studies. The application of operations

research incthods is considered in rela-

tion to financial allocation, transporta-

tion problems, inventory control and pro-

diiction setups. Descriptions are also

given for game dieory, hnear program-
ming, flovv techniques, and niatríx álge-

bra. The use of electronic computers in

relation to operations research is dis-

cussed. (D. N. Chorafas. New York,

Reinhold, 1958. 303p., $8.75.)

"boiling water reactohs

A brief history is given of the boiling

water reactor concept and of the early

experiments at Argonne, including the

development and operation of the Ex-
perimental Boiling Water Reactor. The
varíous Bórax experiments are then de-

scribed in detail as is the General Elec-

tric Company's Vallecitos plant. In addi-

tion a thorough explanation is given of

the physics underlying the design of the

various reactor plants. The book con-

cludes with a discussion of present and
future research and development pro-

grames on boiling reactors. A volume in

the Atoms for Peace presentation set.

(A. W. Kramer. Reading, Addison-Wes-
ley, 1958. 56.3p., $8.50.)

"fluid fuel reactors

Three basic types of fluid fuel reactors

are studied. The first is the aqueous
homegeneous reactor. Such factors as

nuclear characteristics, properties of

aqueous fuel solutions, technology of

aqueous suspensions, chemical process-

ing, and design and construction are

treated. The second is the molten-salt

reactor, with consideration of the chem-
ical aspects, construction materiais, nu-

clear aspects, and heat-transfer systems.

The last type presented is the liquid-

metal fuel reactor with treatment of such

factors as reactor physics, composition

and properties of liquid-metal fuels, con-

struction materiais, chemical processing,

and cngineering design. A volume in the

Atoms for Peace presentation set. (Ed.

by J. A. Lane and others. Reading, Ad-
dison-Wesley, 1958. 979p., $11.50.)

"PHYSICAL METALLURGY OF URANIUM

A comprehensive treatment that studies

uranium in terms of fundamental proper-

ties and mechanisms. Among those as-

pects studied are radioactivity and nu-

clear reactions, crystallography, physical

and chemical properties, mechanical

properties, deformation, recrystallization

and grain growth, transformations, dif-

fusion in uranium systems, radiation

damage to uranium, thermal-cycling

growth, and metallography. An appendix

provides phase diagrams for binary

uranium alloy systems. A volume in the

Atoms for Peace presentation set. (A. N.

Holden. Reading, Addison-Wesley, 1958.

262p., $5.75.)

"PROJECT SHEHWOOD: THE U.S. PROGRAM
IN CONTROLLED FUSION

This is the first unclassified report on

the controlled thermonuclear effort in

the United States. Beginning with the

basic principies involved in a fusion

reaction, it continues with the various

niethods now being studied to control

thermonuclear energy with the hope of

eventually producíng net power. Methods
such as pinch, stellarator, magnetic inir-

ror, and molecular ion ignition are ex-

plained. A \ olume in the Atoms for Peace

presentation set. (A. S. Bishop. Reading,

Addision-Wesley, 1958. 216p., $5.75.)

RADIATION BIOLOGY AND MEDICINE,"

SELECTED REVIEVVS IN THE LIFE SCIENCES

An introductorj' chapter sunimarizcs

the histor>' of the use of radiation in

diagnosis, therapy and experimental bio-

logy, and discusses the impact of the

atomic age on growth and aging. ecolog>-,

etc. The next group of chapters deals

with the effect of radiation on cells and

organs, mutations, mathematical biolog>'.

and the effect of radiation on mammals.

Four chapters deal with radiation safet>-.

The remaining fourteen chapters are con-

cerned with the uses of radiation, in-

cluding radioisotopes in medicine and

agriculture, accelerators in medicai re-

search, tracer applications and radio-

biological dosimetry. The \olume is con-

cerned with work in the U.S.. and is a

\olume in the Atoms for Peace presenta-

tion set. {\\. D. Claus. ed. Reading.

Addison-Wesley. 19.58. 944p.. $11.50.1

°THE SHIPPINGPOHT PRESSVRIZED WATER
REACTOR

Ali aspects of tlie design and construc-

tion of the Shippingport reactor are dis-

cussed. Among the topics included are

tlie factors entering into the selection of

plant design parameters; reactor design,

fuel element development. and core con-

struction; radioactive waste disposal sys-

teni; electrical and mechanical oompon-
ents used in the reactor plant; shieldings

of the reactor plant and waste disposal

facilities; hazards e\aluation; a descrip-

tion of die turbine-generator plant; train-

ing of personnel. .\ volume in the Atoms
for Peace presentation set. (U.S. .\toniic

Energ>- Comm., Di\ision of Reactor De-
velopment, Na\ al Reactors Branch. Read-

ing. Addison-Wesley. 195S. .588p., $9.50."!

RESEARCH
Science and Its Application in Industry

Recent years have seen reniarkable scientific achievements in new
materiais, new applications of old materiais, new techniques, and major
advances from the application of scientific principies to plant lay-out

and materiais handlinj;. New developments occur so frequently that

it is a formidahie task to keep track and evaluate each one, and
industrial techniques interlock and overlap to such an extent that

it is no longer enough to rely on learned journals and trade papers
which deal with your particular industry alone.

This is why we offer you RESEARCH—a monthly journal the purpose
of which is to show how the results of scientific research can he
applied to industrial processes.

Annual Subscription: $10.75

BUTTERWORTH & CO. (CANADA) LIMITED

1367 DANFORTH AVENUE, TORONTO 6, ONTÁRIO

LIQUIDOMETER
TANK GAUGES

For tanks of any capacity, buried and any

liquid. 100% automatic, for tanks under

pressure or vacuum.

LEVELOMETER
TANK GAUGES

Hydrostatic dial type. Dial can be cali-

brated in gallons cr fractions.

LIQUIDS WORTH STORING ARE
WORTH MEASURING

Write, phone or wire for iiterature

W.K.DAVIDSON&CO.
LIMITED

1838 DORCHESTER ST. W., MONTREAL
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Canadlan Vickers Limited, Montreal,

have supplied )2 Upper Mitre Gates

and 14 Lower Mitre Gates for St.

lawrence Seaway Locks, in which ali

joints were field assembled with Stelco

High-Strength Bolts, using a total of

about 170,000 pieces, Va" and Vs"

diameter.

Illustrated here is a UO-ton Upper
Mitre Gate in the St. Lambert Lock.

SeawaY

Lock Gates

field

assembled

Every bolt head marked .

every shípmenf certifíed.

HIGH-STRENGTH BOLTS
This unusual applicatioii for hif;h-stien»íth bdlts offers striking evideiice of

the versatility of this technique in the field fasteiiiiig of joints in ali types of

structural steel assemblies.

Stelco High-Strength Bolts require only one third the installation time of

rivets. They also provide greater strength both in tension and in shear, are

easy to remove for structural alterations, and are re-usable if desired.

High-Strength bolting permits íavourable \vorking conditions in the field,

\N'ith a minimum of equipment. A bolting team normally com-

prises two men, but if necessary the bolts can be installed satis- kAg
factorily by one man working alone. J^^Bãjgjf'

For complete information, contact any Stelco Sales Oífice.

A free technical manual is yours on request.

AU Stelco High-Strength Bolts are
guoranteed to conform to ASTM
Specificotion A-325. A certificate to

this effect is issued with each ship-

ment and every bolt is identified as

shown.

5920I.B

THE STEEL COMPANY OF CANADA, LIMITED
Execufive Offices: Hamilton and Montreal

Sales Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor,
Winnipeg, Edmonton, Vancouver. J. C. Pratt & Co. Limited, St. John's, Newfoundland.
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Worm, Helical & Herringbone

ReduceiSondGeared Motors
FRACTIONAL TO VERY LARGE SIZES — ALL RATIOS

RENOLD

Chains, Pínions, Wheels
American Chain Replacements
Conveyor Chains, Wheels and

Attachments
Couplings, Gears, Clutches

STOCK DELIVERIES

COAST TO COAST
SERVICE

Write for

catalogues.

RENOLD CHAINS
CANADA LTD.

MONTREAL TORONTO
HAMILTON VANCOUVER QUEBEC

LONDON WINNIPEG THREE RIVERS

AGENTS: E. S. Stephenson & Co. Limifed

Halifax, N.S., Sainf John, N.B. and

Hugh J. 0'Neill Limited, Noranda, P.O.,

Timmins and Sault Ste. Marie, Ont.

• LIBRARY NOTES

N.4TIONAL DIRECTORY OF THE TANADIAN
PULP AND PAPER INDUSTRIES, 1958-59.

In tliis (xlition, the statistical reviews

of tho iiidustiy lia\o bocn brouglit iip to

date; tlio niill listings section is arranged

h>' piox ince from wost to east, instead of

alpiíabotically. Tlie dircctory also in-

chidos a classified list of manufacturers,

lists of paper and pulp mills classified

by product, Canadian organizations in the

industry, governnient departments, etc.

(J. N. Stephenson, ed. Gardenvale, Na-
tional Bnsiness Publications, 1958. 518p.,

$5.00.)

°CHAMBEr's TECliNlèAL DICTIONARY
3rd ed.

A new edition of a standard reference

work encompassing the fields of science,

engineering and manufacturing. New
terms have been added, while older terms

have been revised where necessary to

inelude new aspects. (Ed. by C. F.

Tweney and L. E. C. Hughes. Galt,

Brett-MacMillan, 1958. 1028p., $7.50.)

''SODIUM GRAPHITE REACTORS

Placing emphasis on the Sodium Reac-
tor Experiment (SRE), such aspects are

covered as the reactor and its shielding,

cooling, and fuel-handling systems; nu-
clear, heat-transfer, and transient charac-

teristics; design and development of com-
ponents; installation of equipment and
operation of the plant. In addition in-

formation of a general nature is included

dealing with the origin of the sodium
graphite concept, the technologies of

sodium, graphite, and zirconium as they

relate to sodium graphite reactor design,

and fuel element development. A volume
in the Atoms for Peace presentation set.

(C. Starr and R. W. Dickinson. Reading,

Addison-Wesley, 1958. 288p., $6.50.)

°SOLID FUEL REACTORS

Reviews the basic concepts. present

status of development in the United

States, and the technical outlook for five

projected solid fuel nuclear power reac-

tor t>pes. These are the fast-neutron

power breeders, hea\y water reactors,

gas-cooled reactors, organic moderated
and cooled reactors, and a themial reac-

tor for recycling plutonium. The infor-

mation presented ranges from well-estab-

lished experimental, theoretical, and de-

\'elopmental results to analyses intended

to pro\ ide direction for future work. A
volume in the Atoms for Peace presenta-

tion set. (J. R. Dietrich and H. Zimi.

eds. Reading, Addison-Weslew 1958.

844p., $10.75.)

"thoricm prodvction technology

The entire process of tlioríum produc-

tion is studied. begiiming witli the ex-

traction of thorium from ores to the fab-

ricated thorium slug read>' for cladding.

prior to use in the reactor. Emphasis is

placed on the separation of thorium from

impurities, its reduction to metallic

form, and fabrication of the metal. In

addition sections are included on physical

and chemical properties of thorium.

hcalth and safety aspects of thorium

production, and analytical and metallur-

gical testing procedures. .\ \ olunie in the

Atoms for Peace presentation set. (F. L.

Cuthbert. Reading. .\ddision-\Vesley.

1958. 303p.. S6.50.)

'Pozzolith makes good concrete better

. . . much better."

Research, Engineerin>; and Concrete Conirol Divisions

THE MASTER BUILDERS COMPANY, LTD.

Technically trained representatives in ali principal cities

Vancouver • Edmonton • Winnipeg • London • Toronto • Montreal • Saint John
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Concrete grade separation structures a

adaptable to ali site conditions—the> a

durable and require practically no mainte

ance—they have the required strength to tal

the ever-increasing traffic loads of the futui

Toronto, and other proaressive ^
' - •

Canadian cities are solvina their ^

^ r
traffic problems novv—with concrete. ^ ^

made with Canada Cement. Ms".^.,»t

CANADA BUILDS WITH CANADA CEMEN'

Canada Cement
COMPANY, LI MITED

CANADA CEMENT BUILDING, PHILLIPS SQUARE, MONTREAL
SALES OFFICES: MONCTON . QUEBEC • MONTREAL • OTTAWA

TORONTO . WINNIPEG • REGINA • SASKATOON • CALGARY • EDMONTON
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technical assistance

covcrini: every phú^t .
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MEET THE AUTHORS
L. G. Brazíer, ph.d., b.sc, m.i.e.e., direc-

tor of Research and Education, and
director of British Insulated Callender's

Cables Limited (Capacitar Developments
in Great Britain).

Dr. Brazier was educated at London
University, served as pilot in Royai Fly-

ing Corps and R.A.F. during the war,

1917 to 1919. From 1923-1925 he did

mathematical research at Royai Aircraft

Establishment on aircraft structures and
elastic stability. In 1925 joined Callender's Cable & Construc-
tíon Company Limited and after their amalgamation with

British Insulated Cables Limited was appointed manager (Re-

search). In 1950 he was appointed director of the company,
and became director of Research and Education in 1954.

R. M. Bremner, p.eng., a.m.i.c.e., in

charge of construction and planning at

the University of Toronto. (3,500 Ton
University of Toronto Building Moved
250 Ft.)

Mr. Bremner graduated from the Royai

College of Science & Technology in

Glasgow. While in Scotland he was in-

volved in the design and construction of

many heavy industrial schemes.

Mr. Bremner came to Canada in 1954.

He was responsible for the supervision

and design of the foundations and ancillary work for the first

civilian sub-critical reactor in Canada.

He is a member of the Association of Professional Engin-

eers of Ontário and of the Institution of Civil Engineers.

P. A. Sporing, o.b.e., m.sc, managing
director of Telegraph Condenser Com-
pany Limited (Capacitar Developments
in Great Britain).

Mr. Sporing was educated in London
and Zurich Universities and in 1923
joined the Telegraph Condenser Com-
pany Limited of which he became man-
aging director in 1938. He is Director of

Telegraph Condenser Company (Canada)
Lirnited and Chairman of British Di-

electric Research Limited. Mr. Sporing is the author of numer-
ous patents relating to capacitors.

J. B. Bírks, B.A., PH.D., reader in physics,

Manchester University (Capacitar De-
velopments in Great Britain).

Dr. Birks was educated at Wallasey
Grammar School and Queen's College,

Oxford. He worked from 1940-45 with

Telecommunications Research Establish-

ment and then successively held posi-

tions on the faculties of the University of

Glasgow, Rhodes University, Grahams-
town, South Africa and Manchester
University.

Gerald Nadler, assistant professor of in-

dustrial engineering, Washington Uni-

versity, Saint Louis, Mo. (Measuring

Human Motions far Designing Machines.)

Professor Nadler attended the Uni-

versity of Cincinnati and received his

B.S.M.E. from Purdue University in

1945, his M.S.I.E. in 1946, and his Ph.D.

in 1949. Since 1947 Professor Nadler has

taught industrial engineering at Purdue
and Washington Universities and also is

available as a consulting industrial engineer. He belongs to a

number of engineering societies in the United States and is

registered with the professional engineers of the State of

Missouri.

Jay Goldman, assistant professor of in-

dustrial engineering, Washington Uni-

versity, Saint Louis, Mo. (Measuring

Human Motions for Designing Machines.)

Dr. Goldman attended Duke Univers-

ity where he obtained his B.S.M.E. in

1950, Michigan State University,

M.S.M.E. in 1951, and Washington Uni-

versity, D.Sc. in 1955. Dr. Goldman has

been teaching industrial engineering at

Washington University since 1956 and is

also a consultant industrial engineer. Among other societies

Dr. Goldman is a member of the American Institute of In-

dustrial Engineers.

Jules 0'Shea, jr.e.i.c, Canadair Services

Ltd., Pilotless Aircraft Division, Boeing

Airplane Co., Seattle, Washington. (A

Typewritten Grammatical Word Caun-
ter).

Mr. 0'Shea graduated from the Ecole

Polytechnique in 1957 with a B.A. Sc.

in electricity and mechanics. He has

worked with the control group of the

missile system section of Canadair Ltd. to

adapt the Sparrow II to the Arrow inter-

ceptor. Mr. 0'Shea's speech at the Annual Students* Night in

Montreal about his electronic device, which he built as a

hobby, won him first prize.

Robert J. McTavish, jr.e.i.c, field en-

gineer with Dravo of Canada Limited,

Toronto, Ontário (Construction of Found-

ations for Vernon Narrows Bridge.)

Mr. McTavish graduated from the

University of Toronto with a B.A. in

civil engineering in 1955. He joined

Dravo in 1955 and worked on marine

and shaft sinking projects in Canada and

the United States until mid 1958. Since

then he has been employed in Dravo's

estimating department in Toronto.

Mr. McTavish is a registered professional engineer in the

Province of Ontário.

M. P. MacMartin, assistant research

officer electrical engineering section.

Radio and Electrical Engineering Divi-

sion, National Research Council, Ottawa,

Ontário (The Development af an Elec-

tronic Detector of Flaws in Paper).

Mr. Martin graduated from Queen's

University in 1950 with a B.Sc. (Hon.)

in electrical engineering.

He has been working in the Electrical

Engineering Section of N.R.C, since then.

N. G. Kusters, head, electrical engineering section. Radio

and Electrical Engineering Division, National Research Coun-
cil ( The Development of an Electronic Detector of Flaws

in Paper).

Mr. Kusters was bom in Belgiiun and obtained his B.Sc.

in mechanical engineering in 1937 and in electrical engineer-

ing in 1938 from tlie University of Louvain. His M.Sc. in

mechanical engineering was obtained from M.I.T. in 1939.

We are indebted to the Faculty of the Ecole Polytech-

nique for their co-operation in the preparation of the paper

which appears in this issue.
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Every hour of every day Edmonton's

water works maintains a constant wa-
ter pressure . . . and BAILEY does iti

The Bailey Air Operated Control

System, automatically regulates two

15,000,000 Imperial Gallon capacity,

variable speed, high lift pumps each

fítted with a hydraiilic coupling . . .

Edmonton depends on

Here are the Pressure and Rate of Flow

records from one of these high lift pumps.

Note what happened at 10.55 p.m. on

August 25th . . . the flow increased 10.2

M.I.G.P.D. (67% of pump capacity)

almost instantaneously, and there was a

naomentary drop in pressure of only 5 psi

!

During the 24 hours when these charts were

being recorded only one variable speed pump
was in operation . . . and its output repre-

sented approximately 20% of the total plant

output.

Every minute of every hour, Edmonton's

water supply depends on BAILEY

!

HEAD OfFICt: T«êO ClARtMONT AVS.. MONTltAl

ENGINEER5 AT YOUR SERVICE FROM COAST TO CO»ST
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^dÚjJ&lM. ijUJi^ pOiMÍA

Behind every telephone conversation there

is a multiplicity of intricate and fascinating

pieces of equipment. Much of this is large

in size but many of the component pieces

are extremely small and of delicate design.

Northern Electric leads in the field of Com-
munications. They are ever alert to the

latest developments in Communication
Equipment.

Northern Electric designs and manufacturers

a large proportion of Canada's telephones

and its related complex equipment. Their

extensive and long experience in telephone

communication coupled with their modem
manufacturing facilities are at your command.
Branches are strategically located across

Canada to serve your needs.

Horth(írti Elactric
SERVES YOU BEST

2059-1
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Message from the President

1F WE, as Canadian engineers, are not happy with the world, and
in particular Canada, as we find it today, then let us remember that

we are largely responsible for what we find.

We took the knowledge which research scientists had discovered for

us, and as appHed scientists and engineers used this knowledge to

produce new materiais, to improve processes, to reduce labour, and to

find and develop new reserves of natural resources and raw materiais.

If we now find that we have a surplus of goods, of labour and of

natural resources let us not blame the politicians or economists or

foreign competitors. Let us admit that we were too much absorbed
with the problems of today and did not sufficiently plan for those

of tomorrow.

We believe in private enterprise, in individual initiative and in

acceptance of responsibility for our acts. Let us then prove our leader-

ship by using our knowledge, experience and ability to look forward
and to piish ahead into new fields of endeavour for the future.

But let US lead not only in material things. We have been given

education and training in how to get on with people, in how to manage
large organizations and in how to conserve time and energy. Let us

use some of our talents and time to assist in the solving of many of

our community problems and in promoting cultural enterprises and in

other public service. Only as we do this will we be recognized as

truly members of a profession.

I sincerely appreciate the great honour which you have paid me in

selecting me as President of the Institute. It is an office which over
many years has been filled by very distinguished engineers. I shall

earnestly endeavour to follow in their footsteps to the end tliat tlie

prestige and service of our organization may be furtlier enhanced. I

look forward to your assistance and support and to the opportunity of

working with you.

President

The Engineering lNSTm.TE

OF Canada

42 THE ENGINEERING JOURNAL—JUNE. 1959



ECOLE POLYTECHNIQUE
NEW ENGINEERING BUILDING

Specially written for this issue in collaboration with the University authorities.

The design and construction of

these new quartéis make an inter-

esting engineering story. The main
purpose of this article is to record

the services, equipment and other

facihties which are housed in the

establishment.

FOUNDATIONS AND
CONSTRUCTION

At the end of 1954 work started on
the clearing of the rough, wooded,
hillside site adjoining the grounds of

the University of Montreal at the

north-west end of Mount Royai. Ex-

cavation, which proceeded during

1955, revealed problems due to fis-

sured and crumbling rock, and work
proceeded until sound bedrock foot-

ings could be reached.

Figure 1 shows the plan of the

building, which is conceived in four

zones, subdivided into eight wings

(A to H). Construction started in

May 1955 with the foundations of

wing A, and the first concrete pile

at the north-east comer of this wing
was driven to a depth of 35 feet

before reaching solid rock. The rock

under wings B, C, E, F, G presented

no undue difficulties, though fissures

and water-courses were present, but

the base under H slopes rapidly to

the west so that the two inside pUes

of the west wall are supported on

a massive concrete slab. The wing
D was perhaps the most 'awkward'

since adjoining piles may be based

on rock at depths which vary by 10

to 15 feet.

After establishing base Unes, the

wings A, C, and G were built sep-

arately, followed by the connecting

wings B, D, E, F, H. Interconnec-

tion was made without any error.

Wing G. was required at the very

beginning to permit the installation

of the heating system in the Boiler

Room.
The reinforced concrete structure

is fairly straightforward, but is gen-

erally very rigid and strong to deal

with the loads imposed by equip-

ment in various laboratories. The de-

sign takes into account the many
large and small, steady and intermit-

tent, known and unknown forces

which occur in the building.

Of particular interest in the con-

struction are the torsion-supported

concrete canopy over the front en-

trance, the two circular staircases in

the entrance hall, prestressed con-

crete tanks in the hydraulic labora-

Since its founding in 1873 1 Ecole Polytechnique has been prominent in the

training of French-speaking engineers. Affiliated to the Université Lavai de Montreal

in 1887, the School has been an affiliate of the Université de Montreal since

1920 and could be regarded essentially as the engineering faculty of that body.

It is constitutionally separate from it, having its own board of Govemors and its

own administrative officers. Through its contract of affiliation with TUniversité de

Montreal, it shares in the academic life of the campus and its degrees are given

by the University. The curriculum leads to the degree of bachelor of applied science

in the field selected by the student during the third year of his 5 year course.

The curriculum and degrees are naturally fully recognized and particularly so by

the Government of France as the equivalent of the courses and degrees of the

major French schools: Polytechnique of Paris, Ecole des Ponts et Chaussées, Ecole

Centrale, Ecole supérieure d'électricité, etc. With the financial assistance of the

Government of the Province of Quebec, TEcole Polytechnique is now housed in

entirely new quarters on the campus of the Uriversité de Montréal.
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tory, aiul a prestressed conciete base

for the building stiuctures laboratoiy.

In tlie old laboratories difficulty

had been experienced with cracking

of the walls and base of the hydrau-

lic test tanks and channels. The new
facihties were carefully designed in

prestressed concrete, using cables in

tension. The task was compHcated
by irregidarity of the shapes in-

volved and interruptions by expan-

sion joints and openings.

The structural test laboratory at

Lehigh University has a test base of

78 inches of reinforced concrete.

Though loads in the Polytechnique

laboratory will be comparable, it was
necessary to avoid extensivo and dif-

ficult excavation in hard rock, and
consequently a 52-inch thick slab of

prestressed concrete has been incor-

porated. Using a retarding agent and
pouring at night to benefit from
low temperatures, a strength of 8000
p.s.i. at 28 days was obtained. Vibra-

tion effects are localized by mount-
ing the slab on a foam rubber
cushion enclosed in a non-permeable
membrane to avoid the deleterious

effects of water.

KEATING SYSTEM

From the functional plan of the

building (Fig. 1) the ideal location

for the boiler room was the wing G.

Consequent on this, the mechanical

engineering department was also sit-

uated in the same wing. The in-

stallation of the heating and ventil-

ating services was influenced by the

aim of making the whole building a

potential laboratory; that is, the stu-

dents should be readily able to see

the function of the whole scheme of

distribution.

The total volume of the building is

nearly 8.2 million cubic feet, and
the floor area is 457,184 square feet.

(Corridors, restrooms, stairways and
elevators not included.)

Heating

The heating system is divided into

eight zones. The two furthest zones
(wings A, B, C) are heated by steam
with differential exhaust and exterior

temperature controls. The pump room
and control panei are in wing B. The
six zones in wings D to H have
forced-circulation hot-water heating

with externai temperature controls.

The heat exchangers and circulating

pumps for this system are in the

boiler room, and each zone has an
exchanger fed with steam at 5 p.s.i.,

water temperature being controUed
bv a three-way valve. Each feed

pump is driven by an electr!c motor,

and there is a standby steam-turbine

pump which can feed two zones at

a time in an emergency.
In addition to zone control, ali

lecture rooms are fitted with valves

and thermostats to prevent local

overheating when rooms are occu-

pied; this also reduces fuel consump-
tion.

In the wings A to E 'Wallvector'

radiators are installed, and these are

extended wall-to-wall in the admin-
istrative section of C for better ap-

pearance. Heating in wings F, G, H,
which contain the chemical, metal-

lurgical, mechanical and hydraulic

laboratories, is by cast iron radiators

569'- 77'
ZONE 4

A B C

ZONE 1^
jt ^ Ãn—=T ^

Fig. 1 — General plan of building.

or convectors. The main entrance

and students' entrance are heated by
ceiling air vents or cabinet installa-

tions, ali separately controUed.

None of the piping is concealed in

the permanent structure, but is read-

ily accessible, where hidden, through

removable paneis. Most of the piping

in wings D to H is open.

An unusual feature of the system

is the use of wrought iron for most
of the steam and water heating pipes.

The main return pipes for steam con-

densate are of IPS brass, silver-sol-

dered to 'Wallseal' unions. Some 14,-

900 square feet of steam radiation

(E.D.R.) and 52,400 square feet of

hot water radiation (E.D.R.) are in-

stalled.

Snow Removal

The ramp leading to the central

courtyard is kept free from snow
and ice by buried pipes through

which heated glycol is pumped. The
system is started manually, but tem-

perature control is automatic. To
prevent snow aocumulating on the

Fig. 2 — General layout of building, showing position of penthouses for ventilating equipment (bold outline).
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Fig. 3 — The torsion supported concrete canopy over the front entrance.

Windows facing the yard, a some-
what simpler and slower-acting melt-

ing system is incorporated.

A sump in the courtyard is cov-

ered by steel plates which can be
heated by steam at 100 p.s.i. Snow
in the yard is pushed on to this,

where it melts and is drained away.

Boiler Room

For heating the building and the

ventilating air there are two water-

tube boilers, each giving 25,000 Ib.

steam per hour at 100 p.s.i. Only
one of these is needed in normal
operation. A third boiler, giving

9000 Ib./hr. steam at 250 p.s.i. and
50°F. superheat is Hnked to the heat-

ing system by a 250/100 Ib. reduc-

tion valve. Steam from this boiler is

supplied to specific laboratories.

The automatic bumers operate on
Bunker 'C fuel with steam atomiza-

tion, and use light oil for cold start-

ing. There are two bumers per large

boiler; one for the 9000 Ib./hr. unit.

The oil is preheated and fed by
electrically-driven pumps, with steam-

operated pumps as a standby. Main
oil storage is in two 15,000 Imp. gal.

tanks, and there is one 1000 Imp.
gal. tank for hght oil. These boilers

using oil as fuel can be easily con-

verted to gas or coal.

Ali condensate from the heating

system is received ín a steel tank,

whence it is pumped to a degasifier

which uses live steam (or, if neces-

sary, turbine exhaust steam). This
unit, with a capacity of 35,000 Ib./

hr. at 160°-220°F., helps to prevent
corrosion by removing oxygen and
other non-condensable gases from
the feedwater.

Feed pumps are electrically-driven

with steam turbine standby. Each
of the two large boilers is supplied

by a pump of 35,000 Ib./hr. capacity

at 150 p.s.i.; the pump for the high-

pressure boiler has a capacitv of 12,-

000 Ib./hr. at 300 p.s.i.

Combustion Control

A control panei centralizes instru-

ments for recording steam delivery,

water flow, combustion temperature,

carbon dioxide, steam pressure, feed-

water temperature and pressure, and
ultimate steam temperature for the

boiler with superheat.

Ali necessary safety controls are

incorporated and oil, air, and feed-

water are regulated automatically.

A pump for each of the three feed-

water lines injects the required

amount of chemical water-treatment

solution from a central tank. Quan-
tities of solution (injected through
solenoid-operated three-way valves)

are controlled by steam usage through

a mechanism linked to the combus-
tion controls.

Domestic Hot Water

Two hot-water storage tanks (Monel),

each of 1325 U.S. gal. capacity,

have a reheat rate of 2160 U.S. gal./

hr. at 40° to 140°F. using steam at

15 p.s.i. Two circulating pumps sup-

ply ali hot water taps in the build-

ing.

In the summer, or when the steam

boilers are not operating, a 342 kw./

550 V. submerged-electrode boiler is

used. This does not add to electricity

costs, since the normal overall sum-
mer consumption is well below the

minimum basic charge for electrical

supply.

Temperatures at strategic points

in each building zone, and the hot

water feed and retum temperature

and pressure, can be read and ad-

justed if necessary at a central con-

sole in the boiler room.

Exhaust Stack

The octagonal stack, of radial brick

faced to match the building exterior,

is 150 feet high and six feet in di-

ameter at the top. It is fitted with

an externai ladder, lightning rod, and

air navigation beacon.

VENTILATION

The problem of ventilating such a

large building was solved by con-

sidering the various wings A to H
(Fig. 1) as separate units; each of

these has a different function and

type of occupation. Architecture

and construction were also taken into

account.

The final plan placed operating

equipment in six penthouses built on

the roof and situated as shown in

Fig. 2. The áreas served from these

penthouses are noted in the table.

Ventilating Plan (Fig. 2)

Penthouse Area served

B Library
D A; D (part)

F D (part) ; F (part)

G F (part); G;H (part)

H H (part); E (part)

E E (part); C

From these penthouses 68 different

ventilating circuits operate: (i) 17

circuits of air feed and retum, with

some recirculation, for lecture rooms,

drafting rooms, and administrative

offices; (ii) 15 circuits of heated

100% fresh air, ali evacuated to at-

mosphere, particularly for removal of

fumes from chemical, metallurgical,

and other laboratories (these 32 cir-

cuits, i and ii, can displace some
282,000 cu. ft. of air per minute);

(iii) 36 circuits for exhaust of stale

air from ali toilets, dark-rooms, fume
chambers in laboratories, etc, with
total displacement of 113,000 cu. ft./

min.

Ventilation for lecture rooms and
offices is conditioned in winter only.

The chemical laboratories can select

rates of 10, 20, or 30 complete
changes an hour, according to need.

The library air is controlled for hu-

midity to protect the many books
and periodicals.

Most of the air circulation is at

conventional rates, but wing C is

supplied (from penthouse E) at a

maximum of 4,000 ft./min. This sys-

tem will be used for study by mech-
anical engineering students.

The dining area and students'

quarters on the first floor of wing C
are supplied with 100% fresh air.

This can be heated by a novel 'ther-
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Fig. 4 — Outside storage tank of propane gas.

inoNvheer exchanger, which can le-

co\er 60% to 80% of the available

heat from the stalc exhaust air. The
system will be used for hiboratoiy

studies.

Ali veiitilation is contiolled cen-

trally from tlie boiler room, using a

high-ficqueiicy signal system instead

of coiiventional cable connections to

the penthouses. This system is de-

scribed fiuther under Electrical

E(jiiipment. The contiol program
takes into account the time of occu-

pation of the various rooms and lab-

oratories.

Noise and vibration from the pent-

house installations are practically

eliminated by the use of rubber
mountings and cork bases under the

machinery.

WATER AND SERVICES

The City of Montreal provided a 16-

inch pipeline from the reservoir at

the top of Mount Royai (elev. 655
ft.) via the Mount Royai cemetry
which adjoins the upper limits of the

Polytechnique grounds. This pipeline

delivers water at 45 p.s.i. to a header

with the necessary valves from which
one eight-inch line runs to the Uni-

versity grounds and a similar line

enters the Polytechnique building

between wings G and H. Here two
centrifugal pumps boost the pressure

to 80-100 p.s.i.

Instead of the conventional hy-

draulic distribution systems incorpor-

ating air reservoirs, circulation is

controlled by a centrifugal pump
driven by a variable-speed electric

motor to meet any fluctuations in

demand. Should there be any failure

in the 500 U.S.g.p.m. pumps or the

20 h.p. motors, a bypass gives direct

supply from the 45 p.s.i. source.

There is thus no need for a separate

storage tank.

In an emergency, the large quan-
tities of water in the storage tanks

for the hydraulics laboratory can be
pumped into the central heating sys-

tem.

Water Distribution

Hot water circulation is convention-

al, ali pipes being accessible through
doors in cavity walls or false ceilings.

In the laboratories, there are two
hot and cold water circulations; one
for the use of the laboratory equip-

ment and the other for domestic

uses, and they are specially identi-

fied to avoid the possibility of siphon-

ing contaminated water into the

main supply. (The City of Montreal
will not accept the use of vacuum
breakers.)

Ali hot and cold water piping is

of copper, class K.

Waste and Drainage

Laboratory waste which may be

chemically contaminated is discharged

through Duriron piping. The system

has been designed to minimize the

amount of this material required.

Three parallel 15-inch drains join

a 24-inch main running in front of

the building and eventually down to

the city mains on Maplewood Ave-

nue. The 15-in. drains run: (i) from

wing F through D and A; (ii) from
H through E and C; (iii) from G via

the central courtyard, whence nm-
off is collected, and out through B.

This drain also takes in an>' over-

flow from the hydraulic laboratory.

Special Laboratory Services

Special services include steam, com-
pressed air, vacuum, distilled water,

and gas.

Steam — The chemical and ther-

mal machines laboratories are sup-

plied with steam at 250, 100, and 15

p.s.i. Several other laboratories have

100 and 15 p.s.i. supplies.

Compressed Air — Ali require-

ments for compressed air are sup-

plied from the boiler room by two
compressors of 180 cu. ft./min. cap-

acity (40 h.p. motors) and one com-
pressor giving 365 cu. ft./min. (75

h.p. motor). An intermediate cooler

is provided, plus a special cooler for

dehumidifying the air.

Vacuum — Continuously-available

vacuum of 25 in. Hg is provided in

laboratories from a central system in

the boiler room. Two 280 cu. ft.

min. vacuum pumps are driven by 20

h.p. motors.

Distilled Water — A central auto-

matically-controlled gravity-fed sup-

ply of distilled water is provided
from the penthouse on wing F. Cap-
acity is 10 U.S.g.p.h. from a 26 Icw.

heater, with storage for 300 U.S.

gal. in a tin-hned tank. Ali piping,

unions, and valves are of pohthene.
Propane Gas — The demand for

gas, which is seasonal, is not enough
to justify the cost of a link to the

gas mains on Maplewood Avenue,
and therefore propane gas is used
for laboratory supplies. From a 7000
U.S. gal. storage tank outside the

building, 30 U.S.g.p.h. can be va-

porized at 20 p.s.i., with automatic

operation. Gas in the main distribu-

tion lines in the building is at 20
p.s.i., but between these lines and
the laboratory outlets are safety and
reduction valves to give a supply at

6 oz. sq. in.

ELECTRICAL SERVICES

The provision of adequate electrical

supplies for an engineering school

such as this presents more problems

than does the design for a large

commercial or public building. Dif-

ferent laboratories ha\e widel>- dif-

fering needs, and tliere must be con-

siderable flexibility to meet new de-

mands which may arise.

Main Supply

The main supply comes from two 12

kv. Hydro-Québec lines. The 2500
ft. link between these lines and the

internai sub-station is by: (i) 1000 ft.

of underground line beneath the

Pohtechnique grounds; (ii) 1500 ft.

of overhead line following the route

of the 4 k\'. lines that supph' the

Universit)-. This latter installation in-

volved lowering the 4 k\-. lines hy
some 10 ft. and adding the 12 k-v.

line abo\e theni without internipting

the existing supply.
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Unit Substation

The unit substation is under the

electrical laboratories in wing D and
consists of Metalclad type equipment

divided in three sections:

i) Potheads, disconnects, air break-

ers and Hydro-Quebec measuring

equipment are grouped together in

the first section. From this section,

12 kv. busbars supply the transform-

ers.

(ii) Two main transformers for

lighting and power supply are 3-

phase, 12000/550 v., 1500 or 2000
kva. capacity, with convection or

forced cooHng. These transformers

supply 2000 amp. busbars.

(iii) Three transformers and volt-

age regulators supply the electrical,

electronic and physics laboratories,

and provide 220 v. 3-phase power.

The equipment is: a 3-phase, 500
kva., 12000/550 v. transformer with

54 kva. induction voltage regulator;

a 3-phase, 225 kva., 12000/220 v.

transformer with 25 kva. regulator;

and a single-phase 200 kva., 12000/
110-230 v. transformer with 20 kva.

regulator.

This transformer station, totalling

5000 kva., was specially designed for

Ecole Polytechnique and should meet
demands for several decades to come.

The station is illuminated, and
Windows of special shatter-proof

glass permit inspection of the main
components.

Direct Current Supply

Direct current is supplied to the lab-

oratories from sixty 685 amp.-hr.

lead oxide accumulators, which are

maintained by a 400 amp., 125 v.

charger with silicon rectifiers.

Distribution

The main distribution boards are in

the electrical engineering laboratory

above the transformer station. There
are five boards for distribution from

the five transformers; one board for

d.c. supply; one for Hydro-Québec
recording instruments; and one board

for supplies at variable voltage and
frequency.

There are seven secondary boards

for lighting supplies, each compris-

ing three single-phase 550/110-220
v. transformers at 75 or 100 kva.,

according to load in the section con-

cerned. One secondary board for

power supply delivers 350 h.p. to the

boiler room, 350 kw. to electrical

steam generators, 600 h.p. to the hy-

draulics laboratory, and an estimated

750 h.p. to the gas dynamics labora-

tory. This board is supplied simul-

taneously by two busbars, with a

switching system to distribute the

load evenly between the two trans-

formers.

Lighting

Lighting represents about 40% of the

total cost of electricity, and particu-

lar attention was paid to its design

and installation. Adequate illumina-

tion and accessibility were the main
considerations, but appearance was
not neglected.

Lighting leveis are (in foot-candles);

lecture rooms 40; drafting rooms 50;

laboratories 30. Altogether, some
3800 incandescent lamps were re-

quired, of which 600 were of one
type for the lecture rooms.

The corridors, administrative of-

fices, and library are lit by rapid-

start fluorescent lamps. Those in the

library are recessed in the ceiling

beneath white reflectors and are cov-

ered with transparent glass paneis

which incorporate translucent honey-

combed diffusing strips to give an

even, shadowless distribution of light.

This is one of the first installations

of its kind in the country.

The access roads are lit by reflec-

tors similar to those designed for alr-

craft runways or bridges, mounted
only three feet above ground levei.

Laboratory Supplies

Ali laboratories have supphes of 550
v. 3-phase; 220 v. 3-phase; 110-220

V. single-phase; and 125-250 v. d.c;

usually via a separate board for each
department. These boards are also

connected by two 200-amp. lines to

the secondary board in the electrical

engineering laboratory which pro-

vides variable voltage and frequency.

In addition, different voltages are

supplied for individual requirements;

for example, the engineering physics

department has a 12 v. d.c. supply,

and physical chemistry has a source

at 1000 c.p.s.

Remote Control

An interesting feature is the system
used for remote control of services.

Because of the distances involved,

ventilating installations are in six

separate penthouses, and the exterior

lighting is divided into three sec-

tions (rear parking lot, central court-

yard, and access roads), each sup-

plied from different points. Central-

ized control is achieved by the use

of carrier waves, thus eliminating

the considerable lengths of cable

necessary in conventional systems.

An alternator in the electrical lab-

oratory imposes frequencies of 2965
and 3803 c.p.s. on the entire 550 v.

and 110/220 v. system. This output
is coded and controlled manually or

automatically, according to an estab-

lished Schedule, from a console in

the boiler room. Relays at any point

in the distribution system receive the

coded output and accept or reject it

according to conditions, thus start-

ing or stopping the various ventil-

ating circuits. Seventy-two relays

may be installed at present, with

provision for a further thirty-six.

Intercommunication

Rapid communication is essential in

such a large building, and two dis-

tinct systems have been installed to

augment the heaviK-loaded regular

telephone facilities.

(1) Calling System — There is a

loudspeaker network over which the

central telephone operator can make
announcements, either generaUy or

to local speakers. Musical notes at

800 and 2000 c.p.s. will be broadcast

Fig. 5 — The accumulator room.

THE ENGINEERING JOURNAL—JUNE, 1959 47



over the general system to announce
the start and finish of class periods;

these operate fiom the central tim-

iíig unit.

(2) Internai Telephone — Offices

in the front section of the building,

including administration, and those

of department heads are connected

by an automatic telephone system.

In addition, each department head
or his secretary can reach his staff

by a local telephone circuit.

THE ENGINEERING
LABORATORIES

The move by Polytechnique into its

new quarters coincides with the in-

troduction of a revised program of

studies leading to fuU specialization

courses. (The Engineering Journal,

Oct. 1958, p. 93.) The eight fields

of engineering now offered and
which are described in the above
reference, are: civil, mechanical,

electrical, chemical, metallurgical,

mining, geological, and engineering

physics.

Some of the laboratory facilities

and equipment available to the stu-

dents of these various fields will be
described in the remainder of the
present article.

CIVIL ENGINEERING
The civil engineering department has
four divisions: surveying, sanitary

engineering, hydraulics, and public
works.

Dívision of Surveying

The laboratories of the surveying
division, which cover 3400 sq. ft.,

are subdivided into three groups:
survey, geodesy, and photogrammetry
and cartography. The first deals with
the theory and operation of instru-

ments, and includes a test bench for

transits and theodolites. The geodesic
laboratory includes equipment for

standardization of chains and check-
ing of leveis.

The photogrammetry laboratory

which is being established will be
equipped with a Multiplex machine
and various stereoscopes. Easy
access will be provided to the roof,

from which astronomical observations

may be made and an opportunity
given to the students to familiarize

themselves with the various instru-

ments.

A maintenance and repair shop is

provided.

Dívision of Sanitary Engineering

Equipment is now being ordered to

establish the laboratory with the nec-

essary instruments for research and
advanced studies pertaining to water

Fig. 6 — A section of the main board. Left: three regular tension paneis; at the back:
the continuous current panei; at right: the panei for variable tension and frequency.

purification and sewage treatment.

Both the chemical and bacteriological

aspects can be studied with the

equipment at hand. For the study of

the hydraulic problems encountered

in Sanitary Engineering, the facili-

ties and modem equipment of the

Hydraulics Laboratory are readily

available.

Division of Hydraulics

The hydraulics laboratories occupy
the first three floors of wing H, cover-

ing some 27,000 sq. ft.

Six pumping units have a total

capacity of 18,000 U.S.g.p.m., and
four of these units can be operated

in parallel. Ali pumps in the labora-

tory are supplied from prestressed

concrete storage reservoirs with a total

capacity of about 150,000 U.S. gal.

The construction of these reservoirs

has been mentioned earlier.

Four different turbines are avail-

able for study: a 10 h.p. vertical unit

with interchangeable w.heels; a 30
h.p. horizontal turbine for cavitation

studies: an impulse turbine with a

capacity of 6 h.p. under 250 ft.

head; and a horizontal Francis unit

of 9.7 h.p. under 100 ft. head. The
various hydraulic circuits are pro-

vided with flow-measuring equip-

ment such as Venturis, Dall tubes,

and Pitot tubes.

Two Steel measuring tanks mount-
ed on weigh-scales, each with a cap-

acity of 40,000 Ib., are used for

accurate calibration of the flow-met-

ering equipment and also for effi-

ciency tests on a vertical pump and
other equipment.

Several test channels have been
provided in the laboratory. A pre-

stressed concrete channel on the sec-

ond floor is 185 ft. long, 8 ft. wide.

and 6 ft. deep, with observation Win-

dows in one of the vertical walls;

it is being equipped with a motor-

driven carriage which runs on ac-

curately aligned rails. This channel

will be used to calibrate current

meters and for testing ship models,

and models of hydraulic structures.

Two glazed channels, equipped with

weirs and supplied by constant-level

reservoirs, will be used for studies of

flow in open channels and also for

testing scale models. A channel, 75 ft.

long, will be utilized for the study of

sediment transportation. Two tilting

flumes will also be provided.

In addition to an instrumented

wave tank, seven other test channels

are provided in the laboratory: intake

and discharge flumes for the vertical

turbine and others for the study of

densit>' current, stability of earth

dams, and three small steel channels

with weirs.

Division of Public Works

Four laboratories are grouped to-

gether in the Division of Public

Works. These are: soil mechanics,

high\\ a\- materiais, concrete and con-

struction materiais, and structin-es.

Soil Mechanics — This laboratory

has been expanded considerably dur-

ing the past twent\- years and much
work done in the relativeh" new field

of soil mechanics. The present labora-

tories are well equipped to continue

this teaching and research work, com-

plemented by field studies and re-

search on methods of measurements

of soil properties "in situ".

Apart from the standard equipment

required for the identification and

classification of soils, apparatus is

provided for the study of perme-
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ability, capillarity, frost action and

compaction. Various types of triaxial

compression machines, direct shear

machines and oedometers are also

available for work on the shear and

consolidation characteristics of soils.

Some of this equipment has been de-

veloped or modified in the laboratory

in order to carry out research work in

this and other related properties.

Highway Materials — This labora-

tory adjoins those of soil mechanics

and is provided with ali the equip-

ment needed for the study of the

physical and mechanical properties of

the materiais commonly used in the

construction, maintenance or repair

of roads. One section is concerned

with the study of bituminous mix-

tures, with the aid of Marshall ap-

paratus.

In conjunction with the soil mech-

anics laboratories, research work is

carried out on soil stabilization and

on frost action.

Concrete and construction materiais

— The laboratories for testing con-

crete and construction materiais are

well equipped for a variety of tasks.

Materials tested include cement, ag-

gregates, mortar, concrete, masonry,

wood, structural steel and so on,

An efficient concrete mixer of a

capacity of 5 cu. ft. and a high-fre-

quency vibrator are available. Con-
crete test beams and samples can be

cured in a room (25 ft x 10 ft x 9 ft

high) in which the temperature and
relative humidity are accurately con-

trolled.

A cold room (18 ft x 8 ft x 9 ft

high) has also been installed for re-

search work on concrete and con-

struction materiais. The temperature
can be controlled to ±1°F and can
be lowered to -60 °F. The high-capa-

city refrigerating unit can be also

connected to a mobile chamber in

which tests of structural units can

be made at low temperature.

A freezing and thawing unit cap-

able of running tests according to the

four ASTM methods is under con-

struction.

Apart from the standard apparatus

for cement and concrete testing, the

available equipment includes various

types of extensometers, high precision

comparators, creep and shrinkage

measuring devices, and apparatus for

the determination of dynamic moduli

of elasticity of concrete and other

construction materiais.

Structures — A wide variety of

tests may be performed in this labora-

tory. A universal testing machine of

220,000 Ib capacity equipped with a

pulsator may be used for either static

or dynamic loading. The laboratory

is equipped with another universal

testing machine of 100,000 Ib capa-

city, a 400,000 Ib press for compres-
sion tests and a 1,100,000 Ib press

capable of accommodating specimens

up to 16 ft in height.

Tests on structures of various

shapes may be carried out on the

prestressed concrete testing bed. This

bed is 60 ft long, 19 ft wide, and
54 in thick. Three-inch diameter bolts

of special alloy steel are embedded
in pairs in the concrete, the distance

between pairs of bolts being 5 ft

longitudinally and 4 ft in the trans-

versa direction. Structural steel frames

may be fixed to the bolts by means
of special adapters so that structures

up to 60 ft long can be tested. The
structural elements may then be
loaded by hydrauUc jacks fixed to the

steel frames. These jacks can operate

in any chosen direction. Both static

and dynamic tests may be carried

out and on account of vibrations the

bed rests on a special dampening
foundation. The testing bed is de-

signed for vertical loads of 500 tons

or horizontal loads of 750 tons at

points 8 ft above the top of the bed.

A 10-ton travelhng crane services the

testing bed. The capacities of the

high-precision hydraulic jacks which
form part of the test equipment range

from 2.5 tons to 100 tons. A range

of steel sections for building up the

loading frames completes the equip-

ment for this work.

Various types of extensometers are

available and using electronic measur-

ing instruments coupled with special

strain gauges, an accuracy of

1/1,000,000 in./in. may be attained.

MECHANICAL ENGINEERING
Under the new program of studies,

mechanical engineering is a separate

course whereas, from 1943 to 1958',

there was only a partial specializa-

tion in an option called mechanical-

electrical engineering.

Equipment
The equipment brought by the de-

partment from its previous quarters

includes a Diesel engine, other in-

ternai combustion engines, an air

compressor, a steam engine, blowers

and ducts, a refrigerated chamber,

and various pieces of machinery. A
recent, and valued, acquisition is a

steam turbine with condenser and

associated equipment with which

many experiments can be carried out.

As mentioned in the sections deal-

ing with heating and ventilating, the

boiler room and other equipment in

the new building will be used for

extensive studies by the mechanical

engineering department.

Further new equipment will in-

clude installations for advanced

studies in gas dynamics, and new in-

ternai combustion engines with com-

plete instrumentation.

Additional facilities will be in-

stalled as required, and the aim of

the department is to provide those

who wish to proceed to the Master's

or ,Doctor's degree with aU the

equipment that is found in other

schools of engineering.

Laboratories

The laboratories and offices of the

mechanical engineering department

are situated on two floors of wing G,

which also contains the boiler room,

and part of wing F (Figs. 1 and 2).

A comprehensive series of instruments

is provided for the observation and
control of the boilers and ali the other

equipment which has been described

earlier.

Adjoining the boiler room on either

side are two 2675 sq. ft. laboratories,

Fig. 7 — A section of one of the well designed laboratories.
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one for the .stud\' of gas dynamics, the

other containiiig the Diesel aiid gaso-

line eiigiiies, eompressors, and simi-

lar equipment. Opposite the boiler

room are a store for equipment and
tools, and what is now knovvn as the

research laboratory, to be used for

fut)ire expansion.

At niezzanine levei in the boiler

room are the hot water storage, elec-

trical heater, and circulating pumps,
with facilities for studies of heat trans-

fer. Adjoining the mezzanine at the

same levei are two laboratories each

of 2675 sq. ft. area. The first of these

will house equipment for the study of

ventilation, air conditioning, refrigera-

tion, and heat transfer, with appro-

priate controlled-condition chambers.

The second area will contain the nev\

steam turbine, condenser, and pumps,
together with finther ventilation and
refrigeration apparatus.

Across the corridor from these lab-

oratories are the departmental offices,

which extend partly into wing F, a

room for storage and calibration of

instruments, a design section, and a

lecture seminar room.

ELECTRICAL ENGINEERING
The new course in electrical engineer-

ing up to the B.Sc. degree combines
both the fields of electrical power and
Communications (electronics), in con-

trast to many courses which tend to

provide specialization in either field.

Laboratories

The electrical engineering laboratories

occupy most of wing D, the trans-

former sub-station being at the lowest

levei. The equipment in this sub-

station has been described under

Electrical Services, as have many of

the other facilities which will be avail-

able for study.

On the higher floors are laboratories

for electrical machines and measure-

ments, and Communications. The en-

tire fourth floor is devoted to elec-

tronics and electronic-physics, par-

ticularly for research and post-grad-

uate studies. Part of the fifth floor is

to house an electronic computing

centre.

ENGINEERING FHYSICS

Instruction in engineering physics is

a new departure for the Ecole Poly-

technique. The approach is more fun-

damental and analytical, and rather

less technological, than in the classi-

cal fields of engineering. The cur-

riculum includes physical chemistry,

thermodynamics, heat transfer, nu-

clear physics, metallurgy, nuclear en-

gineering, solid state physics, and the

study of electronic computers.

Laboratories

The engineering physics laboratories

are equipped for the study of ali ne-

cessary aspects of modem physics, and

a physical measurement centre will

provide such apparatus as: optical

spectrometer, X-ray diffractometer.

mass spectograph, electron micro-

scope, and so on. Some of these facili-

ties may be shared advantageously b\

other departments such as physics.

chemistry, metallurgy, mining, and

geology.

The laboratories of the electrical

engineering department are also avail-

able to engineering physics students

for work in fields of common interest.

CHEMICAL ENGINEERING
The chemical engineering depart-

ment includes a general chemistry

section as this department has to

supply ali the chemístr>' courses

needed for chemical engineering and
for other branches of engineering.

Chemistry Laboratories

The chemistry section includes

laboratory facilities that will be used

by ali the students during their initial

training and later by students in cer-

tain branches of engineering. The
largest laboratory of this section is

the general chemistry laboraton.

which covers an area of 6,200 sq. ft.

and which can accommodate easily

120 students at one time. The other

principal laboratories of this section

are those of physical, organic and
analytical chemistry which total

8.600 sq. ft. To serve this chemistr>

section, there are the necessan.-

preparation rooms, balance rooms.

work shops, stores and also some re-

search laboratories having a total area

of 5,000 sq. ft. This section also in-

cludes the Montreal laboratory of the

Department of Mines of the Proxince

of Quebec.

Chemical Engineering
Laboratories

The chemical engineering labora-

tory which is the most important of

this section has a floor space of 40
b\- 60 ft. with an average height of

two floors but with a raised section

of 16 by 15 ft. giving a height of

three floors. At first floor le\ el runs a

mezzanine floor with a central open-

ing of 27 by 40 ft. This arrangement

will accommodate pilot plant size in-

dustrial equipment such as heat-ex-

changers, distillation columns, absorp-

tion columns, evaporators, driers.

filter presses and so on.

The chemical engineering section

also includes a laboratoiy for indus-

trial control and the study of record-

ing instiuments, a research labora-

tory in unit operations and a high

pressure equipment laboratorv-. There

is also in this section a large labora-

tory for applied chemistry xN^ith two

smaller laboratories, one for analytical

work and the other for instnunenta-

tion anahsis. The usual service rooms

as work shops, stores etc. are also

provided in this section,

Two special laboratories have been

reserved for work on corrosion and

the roof of the rear wing of the build-

ing has been prepared to install

Fíg. 8 — Central control console for operatíng pumping units and motor-operated
valves.
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Fig. 9 — Three pumping units having a total capacity of 10,000 U.S. g.p.m.

benches for an atmospheric corrosion

site. About 20,000 sq. ft. are avail-

able for benches on which test paneis

of metais and coatings will be studied.

Space has been also allocated for a

physical measurement center which
will be under the direction of the de-

partment of physics and chemistry.

This center has already been referred

to under engineering physics.

AU the laboratories of the chemical

engineering department have the

usual necessary services as gas,

vacuum, compressed air, etc. plus a

three rates ventilation system that

will satisfy any requirements.

METALLURGY
The great developments in the ex-

traction and processing of metais in

the Province of Quebec have laid par-

ticular emphasis on the operations of

the new department of metallurgy,

and facilities have been provided for

undergraduate teaching and for post-

graduate study and fundamental re-

search in the various fields.

Laboratories are organized for

studies in the three main phases: ex-

tractive metallurgy, metal working,

and fundamental metallurgy.

Extractive Metallurgy

The extractive metallurgy laboratories,

which are in addition to those for

mineral treatment belonging to the

department of mining engineering, in-

clude a general laboratory and special

labs. for mineral refining and metal

extraction. Part of the main labora-

tory is used for chemical treatment of

minerais.

The laboratory used for work on
the extraction of metais is equipped
with fumaces heated by electric are,

oil, gas, electrical resistance, and
vacuum fumaces. It also contains the

equipment required for the extrac-

tion of metais, such as zinc, by the

electrolysis of aqueous solutions or

such as aluminum, by the electrolysis

of fused salts.

Refining and Treatment

The refining and further treatment of

metais is carried out in several labora-

tories, including the electrolysis sec-

tion. Melting and casting are mainly
done in the furnace rooms mentioned
above.

For the metal treatment experi-

ments the facilities are planned to

include equipment for forging, lami-

nating, extruding, wire-drawing, and
welding.

In the heat-treatment section are

fumaces with controlled atmosphere,
high- and low-temperature fumaces,
annealing furnaces, and soaking fur-

naces.

Fundamental Metallurgy

In the field of fundamental metal-

lurgy, chemical problems are investi-

gated in the extractive metallurgy

laboratory. Facilities are provided for

physical metallurgy, pyrometry,

and microscopy. Another section is

equipped for investigations by ultra-

sonics, X-rays, gamma-rays and radio-

isotope tracers.

The equipment necessary for this

work includes polishers, microscopes,

and metallographic apparatus, and an

electron microscope is to be added.

For radiography, generators of X-rays

and gamma-rays are to be provided.

Special Features

To assist in the efficient operation of

the laboratories several features have
been given special attention. To deal

with the dust and fumes which are an

inherent problem in metallurgical

operations, special drainage is pro-

vided in certain of the floors so that

they can be flushed down with large

quantities of water, and correct ven-

tilation and exhaust have been care-

fully studied.

A flexible general layout is pro-

vided by the use of specially-con-

structed interior walls which can

easily be removed and equally readily

rebuilt.

MINING ENGINEERING
Mining engineering, which originally

formed a partial specialization with
metallurgy, later with geology, is now
the concem of a separate department.

Instruction is given in such field sub-

jects as surveying, excavation, drain-

age, and mine management, as well

as in the extractive processes essen-

tial to the mineral industry.

The new course takes into account

the importance of mineral dressing

and the department is equipped to

study the various processes in addition

to the facilities of the department of

metallurgy.

Laboratories

The various sections of the mineral

dressing laboratories cover a total

area of some 12,600 sq. ft. One sec-

tion is concerned with crushing,

screening and sampling; another deals

with methods of separation and con-

centration by gravity, jigging, Wilfley

table, Humphreys, spiral, etc. Elec-

trical separation by dry and wet
methods, electrostatic precipitation,

flotation, and other means are studied.

Cyanide extraction and similar pro-

cesses using aqueous solutions are

housed in a separate room fitted with

driers, storage and settling tanks,

filters, and so on. A group of con-

tinuous-analysis equipment enables

the student to follow the course of the

various processes and to make neces-

sary adjustments.

The laboratories are fully equipped
for the complete study of such prob-

lems as ore enrichment, and more ex-

tensive facilities than previously will

be available for work on the 'new'

and rarer metais.

GEOLOGICAL ENGINEERING
In addition to teaching the new
specialized course, the department of

geological engineering provides facili-

ties for students of geology from other

departments and for part of the course

of the Faculty of Geolog>' at the

University of Montreal.
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Essoutial for tlie stud\- of geology,

the departnicnt has gathered an ex-

teiisive and varied collection of rock

and ore samples, maps, and photo-

graphs, which are housed on either

side of the departnient's ovvn library.

Laboratories

The general mineralogy and geology

laborator\' is used for the elementary

stiidy of rocks and minerais. It can

acfomniodate 100 students. In the

c"r\stallography, mineralogy, and pet-

rograph\' laboratories, crystallography

is stndied by use of crystal models
and optical goniometer. Rocks, erup-

tíve and metamorphic ones ín parti-

cular, are studied with binoculars and
petrographic microscopes, ín thin sec-

tíons, by polarized light.

Similar facilities are provided ín the

laboratory for the evaluation of

mineral samples from the principal

míning centres of Canada and else-

where. Here, ore specimens are

studied by polished sections under
the ore microscope and by micro-

chemical tests.

For the study of sedimentation,

equipment includes binoculars, petro-

graphic microscopes, precision bal-

ance, hot plates, evaporating baths,

filters and a centrifuge. The same
section is also used for Stratigraphy,

Historical Geology and practical

Paleontology, including the identifica-

tion of fossils which involves the use

of small drills and tools for removing

the fossils and preparing them for

examination.

Adjacent to the department's

library is a map room with ali facili-

ties for map storage, examination and
tracing.

Lectures and labs in Physíography,

Structural Geology and Geology of

Canada are given in a class-room hav-

ing access to the map room.

Geophysics

Equipment now in use for instruction

in geophysics includes dip-needles,

magnetometers, Geiger counters, and
scintillometers. Further equipment for

a proposed research program will be

bought or made locally.

Research

Each professor m the department has

his own small laboratory for personal

research or work by one of his stu-

dents. Other rooms are also available

for graduate students.

The main research laboratory fea-

tures the latest apparatus for the

study of minerais and other crystalline

materiais by means of X-rays, diffrac-

tion, and spectro-fluorescence. Refrac-

tive Índices are measured by the

double variation method, with pro-

vision for monochromatic illumina-

Fig. 10 — Triaxial compression apparatus.

tion, universal and heated stages.

Other equipment includes balances

of a wide range of sensitivity, a

Vreeland spectrometer, an isody-

namic separator for magnetic minerais,

a microscope for microphotography,

etc. Equipment for the study of clay

minerais by differential thermal

analysis and various other research

instruments are to be ordered in the

near future.

The Library

The library is an important feature

of the Ecole Polytechnique and oc-

cupies a select position on two floors

of the north-east end of the main en-

trance wing. The total area occupied

is some 26,000 sq. ft.

On the first floor of the librar)-,

entered from the main hall, a central

aisle extends the fuU length. The re-

ception counter and administrative

oíBces are near the entrance and op>-

posite a room with table space for 32

persons, and containing the current

year's issues of up to 1000 periodicals.

Adjoining this is the general reference

system, used for locating required

publications.

In the middle section, about one-

third of the total area, bookshelves

run at right angles from either side

of the aisle, with room to walk round

the outer ends. Space is provided for

five years issues of periodicals pre-

ceding the current year; earlier issues

are stored on the second floor. The
books are classified by the universal

decimal system, and the shelves are

marked for quick identification of the

various sections. There is space for

about 35,000 books.

At the far end of this floor is the

reading room, which can seat 96 per-

sons. This area is far enough awa\
from the reception counter to a\"Oid

an\' distiu-bance to the readers, and

the floor and ceiling of the librarx

are insulated to minimize noise from

people moving around.

A door in the library leads to part of

wing D, in which is a room for read-

ing microfilms, a bookbindery. and

rooms for library stafiF.

The Second Floor

A metal staircase leads from the

main library to the second floor, which

also has a central aisle and is fitted

with removable bookshelves, permit-

ting considerable flexibility of arrange-

ment.

In addition to issues of periodicals

earlier than those held in the main

librar>-, this floor is used for storage

of oflícial publications from various

covmtries and other \ olimies that are

referred to less frequenth . About

(Continued on page 68)
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IMPREGNATED PAPER CAPACITORS

PAPER, IMPREGNATED with oil

or other suitable insulating im-

pregnant, remains the principal diel-

ectric material used for power capa-

citors, and also for many radio

capacitors. Over the last fifty years

major improvements have been mude

in the quality of capacitor paper

tissue, and of the oils and other

impregnants. Despite the develop-

ment of many synthetic dielectric

polymers, few of them can compete

economically with impregnated paper

in the power capacitor field.

Paper Research .

Research is in progress on the

fundamental properties of celhilose

papers, and on new types of "paper"

using man-made fibres such as poly-

styrene, polyethylene terephthalate

(Terylene), polytetrafluoroethylene

(P.T.F.E.) and nylon, in combination

with glass fibre or cellulose. A com-
plete pilot-scale paper-making ma-
chine enables experimental papers to

be made in the laboratory. Detailed

studies are made of the eléctrica!

properties (permittivity, power factor,

insulation resistance, breakdown
strength, etc), the physical proper-

ties (uniformity, density, porosity,

transparency, mechanical strength,

surface texture, shrinkage, effects of

temperature and humidity, etc.) and

of the chemical composition of ex-

perimental papers and of paper ob-

tained directly from the suppliers. In

this manner new types of paper with

improved properties are being devel-

oped.

The Talysurf instrument is used

for recording the surface texture of

the paper i.e. the hills and valleys of

the paper surface. A light stylus tra-

verses the specimen paper and the

surface profile irregularities are mag-
nified and recorded. Fig. 2 is a

typical record showing the differ-

ences in surface texture of different

papers.

It has been shown by tests and
microscopic examination that impulse

breakdown of an oil/paper dielectric

Among electrical components the capacitor can claim a respectable antiquity. The
first capacitor antedates the first dynamo and the first cable by more than a cen-

tury.

It was in 1746 that Pieter van Musschenbroek of Leyden wrote to his friend

Réaumur, "I wish to inform you of a new, but terrible experiment, which I advise

you on no account personally to attempt. I had suspended by two blue silk threads,

a gun barrei, which received electricity from a glass globe. From the opposite

end of the gvm barrei hung a brass wire, the end of which entered a glass jar,

which was partly full of water. Suddenly I received in my right hand a shock

of such violence that my whole body was shaken as by a lightning stroke. The
vessel, although of glass, was not broken, nor was the hand displaced by the

commotion; but the arm and body were affected in a manner more terrible than

I can express. In a word, I beheved that I was done for". Thus the first capacitor,

the Leyden jar, was accidentally discovered.

From those early days when electricity was but a toy, through the pioneer

researches of Faraday, Frankhn, Kelvin and others, to the modem electrical and

electronic industries, the capacitor has remained an almost inevitable component

of electrical experiments and electric equipment.

Today the manufacturer of capacitors supports an industry with an annual pro-

duction of $20 milUon in Great Britain, of $79 million in the U.S.A., and of $9

million in Canada. The capacitors range from the massive capacitor banks, such

as that at Sorel, Quebec installed for power factor correction, as shown in Fig. 1,

to the miniature tantalum oxide capacitors less than the size of a pea used in

transistor circuits.

As in other fieids of engineering endeavour the rapidity with which new types

of capacitors are being developed, and new scientific techniques are being applied

to capacitor design, is greater than at any previous time. The object of this paper

is to present a broad account of current capacitor research and development in

Creat Britain.
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tends to occiir at points wheie the

paper is thinnest, even though these

thin áreas are so sniall as to be only

one cr two mil. in dimension. The
paper is, of course, purchased on
the basis of its average thickness,

though its electrical performance is

determined by these microscopic

arcas of minimum thickness. Thus the

Tahjsurf records give a clear demon-
stration of the volume of paper which

is being uselessly purchased.

Oil Research

Mineral oil is still the principal

impregnating liquid used in paper

capacitors. Fundamental studies of

the properties of oil have resulted in

the development of improved types

of insulating oil. Apart from the usual

measurements (permittivity, power
factor, viscosity índex, insulation re-

sistance, electrical strength, acidity,

water content, thermal conductivity,

and so on) the molecular constitution

of an oil is studied by means of ultra-

violet and infra red spectrometry.

Mineral oil is a complex mixture of

different hydrocarbons, which can be

divided into three main groups, par-

affinic, naphthenic and aromatic. The
composition of the oil depends on

its natural source and on its method
of refinement. By the ultra-violet and
infra-red spectograms just mentioned

it is possible to determine the rela-

tive proportions of the paraffins,

naphthenes, and aromatics, and also

the detail structure within these

groups.

A thorough investigation has been

made of the evolution and absorption

of gas by oils, when subjected to

high electrical stresses. The "gassing"

qualities of an oil have an important

influence on its behaviour as a ca-

pacitor impregnant, and it is hence

essential to have a quantitative mea-

sure of this property. The evolution

or absorption of gas, with the oil

under electric stress is measured by
means of the "gassing cell".

It has been found that as the

aromatic content of an oil is in-

creased, its tendency to evolve gas is

reduced. On the other hand, as the

aromatic content is increased, the oil

becomes more susceptible to degrad-

ation by heat and electric stress. By
adjustment of the aromatic content

combined with the addition of ap-

propriate anti-oxidants, it is, how-
ever, possible to constitute an im-

pregnant in which both properties are

satisfactory.

Other Impregnants

Similar work is in progress on the

chlorinated diphenyl impregnants

(Aroclors). Since the decomposition

products of these materiais are toxic

and acidic, and hence can corrode

the capacitor electrodes, leads and
cases, care is required in their utilísa-

tion if the high reliability and long

service life achieved with oil impreg-

nants is to be maintained. The one

attractive feature of chlorinated di-

phenyl, compared with oil, petroleum

jelly or other non-polar impregnants

is its relatively high permittivity,

which enables the size of the basic

capacitor to be reduced by a factor

of about 40% or more. The increased

permittivity is due to the polar nature

of the chlorinated diphenyl mole-

cules, and this results in increased

power factor, relatively large varia-

tions in capacitance with tempera-

ture, and reduced insulation resist-

ance, compared with mineral oil.

Other high-permittivity polar im-

pregnants employed or studied as

alternatives to the chlorinated di-

phenyls include castor oil, fluorin-

ated aromatic compounds and the

organic amines.

lonisation Studies

A major factor determining the

ultimate breakdown under stress of

an impregnated capacitor is the ion-

isation discharge occurring in gaseous

"voids" in the dielectiic. During the

last few years, extensive studies have
been made of ionisation phenomena.
and other long-term deterioration

effects, in paper capacitors.

It is found that a significant para-

meter is the point at which discharge

is first obsei-\'ed as the voltage is

raised (the discharge inception volt-

age). Related to this is the discharge

extinction voltage, at which discharge

ceases when the voltage is lowered.

For studies of dielectrics electrically

stressed over long periods, the latter

is measrrred, but this would be pro-

hibitively tedious and wasteful if

carried out manually. Hence a ser\o-

mechanism has been developed

which automatically lowers the test

voltage eveiy five minutes to the

value at which discharges cease, and
then raises the voltage again to the

test levei. The envelope of the dowii-

ward-going spikes thus shows the var-

iation of discharge extinction voltage

with time of application of stress. The
interpretation of such records pro-

\ides valuable information about the

beha\iour of discharges in ali tApes

of dielectric.

Impregnated Paper Capacitor Design

The results obtained in these re-

searches on paper and impregnants,

together \\iú\ changes in the internai

design arrangements, have enabled

remarkable reductions in tlie size and

weight of power capacitors to be

acliieved within recent years. For oil

impregnated capacitors over the

range of from 3 kvar. to 90 k\ar. the

volume for a given capacitance has

been reduced from an average figure

of 275 cu. ins. kvar. to 120 cu. ins.

k\'ar. Over the same range tlie weight

has been reduced from an axerage

figuro of 14 Ib. kvar. to 6 Ib. kvar.

Another design development is the

high voltage unit capacitor. These

units are normalK' built for a stand-

Fig. 1 Aeríal view of the 15,000 kvar. power capacitor bank installed at Sorel, Que.
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HORIZONTAL SCALE IN

TYPICAL SURFACE PROFILES
FOR TWO OUALITIES OF
CAPACITOR PAPER.'

Fig. 2 Typícal surface profiles for two qualities of capacitor paper.

ard voltage of 2.4 kv. with a capacity

of 25 kvar. These units are then ar-

ranged in a bank, with series parallel

connections to give any combination
of voltage or kvar. which may be re-

quired.

Corresponding developments have
occurred in the design of the smaller

impregnated paper capacitors, com-
monly used in electronic circuits.

Such capacitors can be enclosed in

aluminum cans or in protective plas-

tic cases.

SYNTHETIC
POLYMER FILMS

Several of the various types of

synthetic polymer films developed

over the last decade possess attrac-

tive features as capacitor dielectrics,

particularly for radio capacitors,

where material costs are less signifi-

cant than with large power capacitor

banks. Some of the properties of

the more important polymer films are

listed in Table 1.

Apart from the electrical proper-

ties, the two most important proper-

ties determining the suitability of a

polymer as a capacitor dielectric are

its softening temperature, and the

minimum thickness in which the film

is available in continuous lengths,

suitable for capacitor winding.

Polystyrene

Polystyrene is an excellent low loss

dielectric available in high quality

uniform film. With polystyrene and
other synthetic films molecular orien-

tation can be induced by stretching

the film to upwards of 50% more
than its original length. When re-

leased the film does not return to its

original dimensions, but remains
"set" in its extended length, with

the molecules oriented and lying

along the direction of extension. The
film remains in this stretched and
oriented state until it is heated to

slightly above the softening temper-

ature. Dis-orientation then takes

place and it retums to its original

length.

This property of orientation is util-

Makrial Permiitivity Loss Tan.
{1 K c/s) {1 K c/s)

Polystyrene 2.55 0.0002
Polyethylene 2.3 0.0003
Irradiated
Polyethylene 2.3 0.0003
Terylene 3.1 0.005
Teflon 2.0 0.0002
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ised in the winding of polystyrene

and other synthetic film capacitors.

The winding is carried out with the

polystyrene in the oriented state.

After this the winding is "heat-

áhrunk" by heating it to just above
the softening temperature. The film

then contracts, thus producing a

tightening of the winding of the film

and stabilisation of the capacitance.

Well-constructed polystyrene film ca-

pacitors compare very favourably in

performance and cost with silvered

mica capacitors. The rather low soft-

ening temperature limits their use to

temperatures up to 70°C.
Polystyrene film capacitors possess

the property of holding their electric

charge to a phenomenally high de-

gree. A group of three standard ImF

polystyrene capacitors charged to a

potential of 500 V, and then kept in

a sealed container, have been found

at the present time, after six years, to

retain more than 85% of their orig-

inal charge.

Polyethylene

Polyethylene film is comparable in

Max. Safe Minimum Dielectric

Operaíinq Thickness Strenqth
Temp.CC) (Microns)* {Volls/Mim

70 10 1500
80 18 1500

120 18 1500
160 6 6000
200 6 1000

price with capacitor paper tissue, but

it is not available in Britain in a

thickness less than 18 micron (0.75

mil). It is only, therefore, attractive

for high voltage capacitors.

Irradiation of polyethylene by
high voltage electrons causes cross-

linking of the polymer chains, result-

ing in improved electrical and me-
chanical properties at elevated tem-

peratures. While normal polyethylene

is only suitable for use at tempera-

tures up to 80 °C, irradiated poly-

ethylene can be operated up to

120°C, and, if oxygen is excluded

up to 150°C or above.

Electron irradiation is carried out

by means of a two million volt par-

ticle accelerator of the Van de

Graaff type. Irradiation of polyethy-

lene causes luminescence.

Terylene

Polyethylene terephthalate (Tery-

lene) film sold commercially as Me-
linex or Mijlar, is very attractive as

an alternative capacitor dielectric to

paper, in ali respects except cost. It

has a high electrical and mechanical
strength, a relatively high softening

temperature, and it is available in

thicknesses down to 6m (0.25 mil). A
500 V Melinex film capacitor is about
equal in size to a 300 V paper capa-

citor.

Teflon

Polytetrafluoroethylene (P.T.F.E.

or Teflon) has excellent dielectric

properties combined with a high
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softening temperature, and it is

hence suitahle for high temperature,

low loss capacitors. The material is

origiiially made as a latex suspension,

and a special technique has been de-

veloped for preparing uniform thin

films. The P.T.F.E. latex is dip-coated

on to a thin aknninum foil in a film

whose thickness is controlled by sur-

face tension and the coating is sub-

sequently hcat-treated and sintered

by passing through an electric fur-

nace. Laboratory apparatus used for

this work is shown ia Fig 3. This

results in a uniform P.T.F.E. film of

thickness down to 6m (depending on
the coating speed and conditions),

deposited on the aluminum foil, from
which it may be subsequently stripped

if required. The slide shows reels of

P.T.F.E. film made by the process.

P.T.F.E. film capacitors are now
available commercially, particularly

to meet stringent Service require-

ments for guided missiles, etc, includ-

ing an operating temperahire of

200°C.

METALLISED

CAPACITORS
The capacitors considered so far

ali have solid aluminum foil elec-

trodes. Because of the presence of

pin-holes, conducting particles, or

other weak spots in the dielectric

tissue or film, it is essential to use

two or more thicknesses of dielectric

film to ehminate local breakdovm. As
there are mechanical limitations on
the minimum tissue and film thick-

nesses available, this means that it is

often necessary to use a thicker die-

lectric than is needed to withstand
the electrical stress over the bulk of

the material. The capacitance per
unit volume is proportional to the

inverse square of the dielectric thick-

ness, so that the physical size of a

capacitor of a given value can be
reduced by a factor of 4, by using

only one thickness of dielectric film

instead of two. This can only be
achieved by introducing some method
to eliminate the weak spots in the

insulating film.

The metaUised capacitor construc-

tion provides such a method. The
solid foil electrode is replaced by a

thin layer of metal, deposited by
vacuum evaporation or other means.
A pair of single metallised dielectric

films are wound together to form the

capacitor, the electrode connections

to alternate layers of metallising being
made by spraying on to the ends, and
soldering on terminais. After winding

and heat treatment (if required), and
prior to service, the capacitor is sub-

jected to a gradually increasing d-c.

voltage. This causes local breakdown
at any weak spots in the dielectric,

but the energy of the local internai

coronae is sufficient to evaporate and
oxidise the thin metal layer in its

vicinity, thus terminating the break-

down. After clearing, the capacitor is

conservatively rated at a working

voltage of one half of the maximum
clearing voltage applied. Should any

further faults develop in service,

these will be similarly cleared by the

operating voltage, so that the elec-

trical failure is virtually eliminated by
the "self-healing" property of the

capacitor.

Vacuum Metallisatíon

A great deal of research and de-

velopment work has been carried out

on the metallisation of paper and of

various polymer films. Vacuum me-
tallisation plant used for this work is

illustrated in Fig. 4.

In vacuum metallisation the basic

principie is to melt the metal in a

vacuum which is hard enough (about
10-* mm. Hg) so that the mean free

path of the atoms evaporated from

the molten surface is sufficient to

carry the atoms on to the paper or

film where they are deposited and
adhere. The film is metallised con-

tinuously. It passes from the supply

spool, over rollers to the first crucible,

where a very thin monatomic layer

of silver is evaporated on to it. (Fig.

5). This forms a sensitising layer for

the subsequent evaporation of the

main metallised layer from the second

crucible. In the initial work zinc and
cadmium, which have relatively low
boiling points, were used, but more
recently techniques have been de-

veloped for the continuous evapora-

tion of aluminum directly on to

lacquered paper or film. Aluminum is

preferable, since it is less chemically

active, while its oxide, formed during

the "clearing process", has excellent

dielectric properties in its own right.

After applying the metallised layer,

the film passes over a pair of metal

rollers, and the resistance square of

the metal film is measured between

these. This specific resistance is mon-
itored, and it is maintained at a uni-

form value regulating the speed of

the motor driving the film across the

evaporation crucible. The film is then

wound on the "take-up" spool, con-

tact rollers being wsed in handling

thin films liable to crease or be fric-

tionally electrified.

The vacuum metallisation tech-

nique has been successfully applied

Fig. 3 Apparatus for P.T.F.E. latex dip-

coating of ihin aluminum foil.

to paper, polystyrene, polyethylene,

Terylene and P.T.F.E. With paper a

thin layer of lacquer is applied before

metallising, to prevent penetration

of the metal vapour into the pores.

Provided the evaporation conditions

are properly controlled, no difficult>'

is experienced with thermo-plastics

such as polystvTcne and polyethylene.

although the temperature of the

metal vapour (1400°C for aluminum)

is greatly in excess of the softening

temperature of the plastic. A cold

water jacket in contact with the top

surface of the plastic film assists in

eliminating damage to the film by the

hot vapour.

Metallised Capacitors for D.C.

Metallised capacitors are particu-

larly suitable for D.C. apphcation in

radio circuits. They are not suitable

for frequencies above 50kc, since the

resistance of the metallised layer and

the spray connections then contribute

appreciably to the loss factor of the

capacitor.

Metalhsed paper capacitors, of

the same capacity and working volt-

age as conventional capacitors, are

smaller in size due to the t\pe of

construction. This is again apparent

when one compares metallised capaci-

tors made from plastic films of vari-

ous thicknesses, with a silvered mica

capacitor.

Metallised Capacitors for \.C.

Although metallised capacitors

were originally developed for d-c.

applications in radio circuits, they
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have attractive potentialities for a-c.

power capacitors, and these are being

actively studied. Any doubts about

the "self-healing" properties of met-

allised paper capacitors under a-c.

conditions were completely resolved

by a rather spectacular experiment. A
metallised paper capacitor winding

of 18mF, was connected to a 400V,

50c/s supply, in series with a current

meter and fuse. While on voltage a

Steel nail is driven through the capa-

citor winding. Due to the rapidity of

the "clearing" action no change could

be observed in the meter reading,

either during or after the insertion of

the nail, and the capacitor continued

to function satisfactorily. It should

therefore be possible to develop met-

allised paper capacitors for a-c. ap-

plications, equivalent in performance

and life to normal impregnated paper

capacitors, but considerably reduced

in physical size.

CERAMIC
CAPACITORS
The Ferroelectrics—Barium Titanate

The high permittivity of ceramics,

based on the ferro-electric material,

barium titanate, form an important

group of dielectric materiais for use

particularly in miniature radio capac-

itors.

Barium titanate is a ferro-electric

material, in which the molecular di-

poles are aligned in domains, just as

in a ferro-magnetic material the mo-
lecular magnets are aligned in do-

mains. Such domains impart a high

permeability to a ferro-magnetic ma-
terial; in a ferro-electric material they

produce a high permittivity.

There are several similarities be-

tween the dielectric behaviour of a

ferro-electric substance and the mag-
netic behaviour of a ferro-magnetic

substance. Thus the permittivity of

pure barium titanate is about 1500 at

normal temperatures, rising to about

7000 at 120°C. Above this so-called

Curie temperature, the material loses

its ferro-electricity, since the domain
structure is destroyed by thermal vi-

brations, and the permittivity falis

rapidly with increase in temperature.

A similar effect occurs with a ferro

magnetic material, which loses its

high permeability when heated above

its Curie temperature.

High Permittivity Ceramics

For some capacitor applications,

the permittivity-temperature charac-

teristic of barium titanate, with a

practically constant value of 1500 at

normal temperatures is adequate.

Higher permittivities, and hence

larger capacitance/unit volume, can

be obtained by shifting the high per-

mittivity region near the Curie point

to the normal temperature region.

This can be achieved by the addition

of other titanates, notably strontium

titanate, to the barium titanates, form-

ing mixed titanates whose Curie

point lies at lower temperatures.

These characteristics are too sharp-

ly peaked for most capacitor applica-

tions. The characteristic can however
be flattened by suitable additions,

notably the stannates and the zircon-

ates to the titanate ceramics.

achieved with low voltage miniature

ceramic capacitors. These ceramic

capacitors are particularly suitable

for use in h.f. radio circuits, when low

loss and high stability of capacitance

are not essential. More than 40% of ali

capacitors used are ceramic types.

Although most ceramic capacitors

operate at relatively low voltages, a

special high-density high-permittivity

ceramic, with a breakdown strength

of over 80 kv./cm. has been develop-

ed for high voltage applications. An
experimental 5500 pF ceramic capaci-

tor was designed to operate at 25 kv.,

and tested up to 80 kv. without fail-

ure, with the equivalent impregnated

paper capacitor which it replaces.

The ceramic disc is embedded in

epoxy resin to eliminate surface track-

ing, and it is held in a protective cup
of phenolic resin.

Other Ceramic Capacitors

Apart from the high-permittivity

titanate ceramics, ceramics based on
titanium oxide (rutile) and magne-
sium titanate/barium titanate mix-

tures, which have permittivities of

about 90 and 36 respectively, form
an important class of capacitor di-

electrics. Being non-ferro electric,

these materiais have a low dielectric

loss. They are particularly suitable

for use in high-frequency capacitors,

either at low voltages in radio re-

ceiver and similar circuits, or at high

voltages in transmitters or other high

frequency power applications.

ELECTROLYTICHigh-Permittivity Ceramic Capacitors

Due to the high permittivity, a

large capacitance/unit volume is CAPACITORS

Fig. 4 Plant for vacuum metallisation of paper and polymer films.

Like the oil-impregnated capacitor,

the aluminum electrolytic capacitor

has maintained its traditional place

in the components field. During the

last decade substantial improvements

in design and technique have, how-
ever, been made, and the reliability

and performance of the modem alu-

minum electrolytic capacitor are great-

ly in advance of its pre-war counter-

part.

Aluminum Electrolytics

Research has been carried out on

the various phases of aluminum elec-

trolytic capacitor fabrication. In the

manufacture of electrolytic capacitors

the surface of the aluminum is ofter

first etched. This is because the effec-

tive surface area on which the capa-

citance depends, of the rough surface,

due to the hills and valleys, is greater

than that of the polished surface. One

THE ENGINEERING JOURNAL—JUNE, 1959 57



()[ thi" most significant advances has

hccn the development of an im-

proxrd inethod of etching, called

"ripple ftcliing", producing addition-

al incroase iii the capacitance unit

area of the formed foil. In ripple

etehing aii alteinating current is

supeiiniposed on the noimal direct

current used for the etching. By suit-

able control of the a-c./d-c. ratio

and of the a-c. frequency, capaci-

tance magnifications of up to 12

times at a fonning voltage of 500 v.

and correspondingly increased mag-
nifications at lower forming voltages

are achieved.

A range of miniature aluminum
electrolytic capacitors, has been de-

veloped for use at low voltage in

transistor circuits. Also, a group of

special high-grade aluminum electro-

lytics, known as Superlytics, incor-

porating the results of recent

researches, have an electrical per-

formance and insulation resistance

comparable with impregnated paper

capacitors.

Tantalum Electrolytics

The post-war availability of tan-

talum has led to the development of

the tantalum electrolytic capacitor.

Tantalum and its oxide are much
more chemically inert than aluminum
and its oxide, and tantalum electro-

lytic capacitors have improved elec-

trical performance and life compared
with aluminum electrolytics.

It has been found that a major

improvement in the uniformity and
stability of the capacitor is produced
by electro-polishing the tantalum foil

prior to formation.

CAPACITORS FOR
PRINTED CIRCUITS

One of the most important recent

developments in the electronic in-

dustry has been the introduction of

printed wiring circuits. These printed

circuits, etched from the copper foil

and supported by an insulating base

material, can be mass-produced, and
they lend themselves readily to me-
chanised methods of circuit assembly.

A wide range of capacitors have been
developed specifically for use in

printed circuits.

MINIATURE CAPACITORS
FOR TRANSISTOR
APPLICATIONS

The metallised capacitor, the higb

permittivity ceramic capacitor, and

the electrolytic capacitor, each rep-

resent techniques for the miniaturisa-

tion of components, by increasing

the capacitance/ unit volume. The de-

velopment of transistors, as alterna-

tives to electronic valves, has intensi-

fied the demand for miniature ca-

pacitors operating at low voltages of

3-50 V. The satisfaction of this de-

mand in\'olves ingenious new tech-

niques in capacitor design.

Metallised LacQuered Foil Capacitors

The metallised lacquered foil ca-

pactitor represents a further stage

in the miniaturisation ef the inetallic

plastic film capacitor. The construc-

tion consists of a 6 micron aluminum
foil, each side of which is coated

with a thin lacquer of dielectric, from

1 to 6 micron thick. One edge (A)

of the aluminum foil is tlien etched

l^ack 1-2 mm. by immersion of the

roUed foil in a hydrofluoric acid

solution. The thin lacquer layers on

each side of the foil adhere to each

other after the etcliing, thereb\- in-

sulating the edge of the foil. One of

the dielectric coatings is then metal-

lised b\- vacuum evaporation, leav-

ing the unusual insulating margin

along the other edge (B). The coated

metal foil, is then wound in a single

roll to form a capacitor. Electrical

connection is made to the metallised

electrode along edge (A) by metal

spra\ing and soldering. Similar con-

nection is made to tlie aluniininn foil

electrode along edge (B), using ultra-

sonic soldering for connection to the

aluminum. The capacitor is then

"cleared" electrically, to eliminate an\-

weak spots in tlie insulation, by the

application of a gradually increasing
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Table 2. Capacitor Types and Properties

Loss Voltage

Max.
Freq.

CONVENTIONAL
1. Paper/Oil
2. Paper/Aroclor
3. Polystyrene
4. Irradiated Polythene
5. Terylene
6. Teflon

CERAMICS
7. High-K-Titanates
8. Rutiles, Etc.

ELECTROLYTICS
9. Aluminum
10. Tantalum

METALLISED
11. Paper
12. Polystyrene
13. Terylene
14. Teflon

MINIATURES
15. Met. Lacquered Foil

16. Met. Alum. Oxide
17. Solid Tantalum Oxide

Max.
Temp.

M M.H. A.C. 100 M (1) L P
M M.H. A.C. 100 M (< 1)

T T)r
L M H.F. 70 M (<1) M P
L H H.F. 120 M (< 1) L D
M M A.C. 140 M «D M D
L M H.F. 200 M «D H P

M L.H. A.C. 100 V.S. M P
L M.H. H.F. 200 M (< 1) M P

M L.M. A.C. 85 V.S. L P
M L.M. A.C. 85 V.S. M P

M M.H. A.C. 100 S L P
L M A.C. 70 S M P
M M A.C. 140 S M D
L M A.C. 200 S H D

L L A.C. 70-200 V.S. M D
M L A.C. 200 V.S. M D
M L A.C. 150 V.S. H D

Size nf Cosi Status Principal Applications

(P.F. Corr. Energy Storage
/Radio, Etc.

H.F. Filters

H.V. High Temp.
Radio Circuits

High Temp. Guided Missiles

Radio Min. H.V.
R.F. Rec. & Trans.

Radio Transistors

Energy Storage

D.C. P.F. Corr.

D.C. L.F. Filters

D.C. Radio
High Temp. L.F.

STransistor
Circuits up to 50V

L = Low M=Med. H=High S = SmalI V.S. = Very Small P=Prod. D=Dev.

d-c. voltage up to twíce the work-

ing voltage.

The metallised lacquered foil con-

structíon is applícable to any dielec-

tric that can be applied as a lacquer

to the aluminum foil. Among the ma-
teriais successfully used in this man-
ner are Desmodur/Desmophen lac-

quer polystryrene, polyethlyene and
polytetrafluoroethylene.

A related miniature capacitor devel-

opment is the metallised aluminum
oxide capacitor developed from the

electrolytic capacitor. In this type,

the dielectríc consists of a thin (0.5

to l/í) layer of dry aluminum oxide,

formed electrolytically. A metallised

layer is evaporated on to the oxide

surface, forming a capacitor with the

very high capacitance of about

0.1/íF/sq. in. The electrical proper-

ties of the metallised aluminum oxide

capacitor may be used either in flat

film, wound or stacked form.

SoUd Tantalum Oxide Capacitor

The most recent miniature capa-

citor development is the solid tan-

talum oxide capacitor. This type has

been evolved from the sintered tan-

talum electrolytic capacitor, which
consists of a formed, porous block

of tantalum, coated with oxide, and
used with a sulphuric acid electro-

lyte. The corrosive natura of this

electrolyte is a disadvantage of this

type of capacitor.

In the new development, the form-

ed porous tantalum block is immers-

ed in a manganese nitrate solution,

which is heated and thus decom-

posed, depositing semi-conducting

manganese dioxide in the pores of

the body. The surface of the block

is coated with graphite, sprayed with

metal, and a soldered lead attached

as the cathode terminal.

The solid tantalum oxide capacitor

has the highest capacitance/unit vol-

ume of any type (up to 10,000/íF/

cu. in. at 5 v. d-c), yet its electrical

performance is superior to electro-

lytic or other comparable capacitors,

for potentials up to 35 v.

CONCLUSIONS
The sections of this paper reveal

something of the multiplicity of types

of capacitors that have been devel-

oped to meet diversa requirements

and applications.

To summarise and present a claar-

er picture of the whole situation,

Table 2 sets out the main features

and properties of the 17 types of

capacitors mentioned in this paper.

It will be noted that of the 17 types

considered, 10 are in large-scale com-

mercial production. The remaining

7 which ara still under development,

are designed to replace or to supple-

ment existing types, or to meet new
and mora stringant requirements.

Each new application or require-

ment as it arises is a challenge to the

capacitor scientist and enginear. Pro-

gress over a wide field is rapid and

thera is little doubt that the future

needs of the great electrical and

electronic industries will be met.
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MEASURING HUMAN MOTIONS
for

DESIGNING MACHINES
G. Nadler, Head of the Department of Industrial Engineering

J. Goldman, Assistant Professor of Industrial Engineering

Washington University, St. Louis, Mo. U.S.A.

FIFTEEN YEARS have seen over-

whelming changes in engineering.

The technology has improved, scienti-

fic frontiers have been pushed for-

ward, new principies and concepts

have emerged and of equal import-

ance, the engineer has become aware
of and started to assume responsibili-

ties for the human being.

This awareness represents a signifi-

cant stride forward for the Profes-

sional stature of engineering. It is now
considered necessary to attempt to fít

the surroundings and equipment to

the human being. It is diíRcult to

State from where this new trend has

come, but certainly new information

from psychology and physiology has

helped much. Social awareness of

human values has become prevalent

in executive thinking. In addition,

labor unions have helped focus atten-

tion on the human being. Regardless

of the source, everyone agrees that

this awareness is a good step, and
should even be expanded.

Of the many activities important in

engineering, one conceming design is

related to this awareness: the design

of machines and equipment to fit the

human being. Western civilization is

known for its ability to design equip-

ment for extremely advanced func-

tions and performances. However,
some of these designs have been literal

monsters in relation to the human
use of the equipment.

Part of the reason this condition

has existed is related to the lack of in-

formation available to help the ma-
chine designer in his work. The most
important unsolved problem is to de-

termine what happens in the per-

formance of work. This question

should be answered for uses in the

general and specific senses: (1) identi-

fying and formulating general prin-

cipies, and (2) attempting to test and/
or evaluate speciííc designs of ma-
chines or equipment. There have been

some general principies and specific

techniques available in the field of

industrial engineering. These have

been rather broad and gross, not pro-

viding the type of information realh'

required as indicated above.

This is a serious engineering prob-

lem and affects the general tendency

of engineers to be more conscious of

the human problem. This problem is

one for which engineers and engineer-

ing principies are needed for arriving

at a reasonable solution.

Fundamentally, the question of de-

termining the performance of an in-

dividual using a particular piece of

equipment is the same as asking what

are the individuaVs motions at that

particular design. Most research tools.

like kymograph, motion pictures, and

chronocyclegraph, have resulted in

little additional information for the

machine designer. The problem then

becomes one of measuring the

motions to provide enough informa-

tion for the engineer to fit the classi-

cal definition of work, concerning the

motion of a point of application of a

force.

In effect, this means that the velo-

city, acceleration, deceleration, posi-

tion in space, distance and time of a

motion must be measured. It has not

been possible to measure these fac-

tors for human motions until the

UNOPAR (Universal Operator Per-

formance Analyzer and Recorder) was
developed. With the above informa-

tion, it will be possible to obtain ali

information about what happens in the

performance of any motion or series

of motions.

Development of UNOPAR
In designing a new device for mak-

ing these measurements, certain fac-

tors had to be considered. The
measurements must be three dimen-

sional; any attachments to the body
member studied must be small and
light; any device de\-eloped must be

capable of being used under actual

working conditions; the range of

velocities might be rather small (O

to 10 feet per second); the range of

acceleration and deceleration could

be quite large; and so forth. By ex-

ploring the application of electronics

in this problem, a suitable solution,

the UNOPAR, has been obtained.^

Initialh-, there were a number of

possible measuring techniques which

could conceivably fulfill some or a

great number of the aforementioned

requirements. After careful consider-

ation, it was decided that the Doppler

effect with sound as the radiation

médium presented the fewest formid-

able obstacles for successful develop-

ment of a work measuring device.

Fundamentals of the UNOPAR
The operating frequencv of the

UNOPAR was ^
chosen at 20.000

cycles per second which is abo\"e the

threshold of hearing at normal leveis

of intensit>-. This frequencv helps

overcome the interference problem

from other noises within a factor\- or

laborator\- and would not dist\irb the

performance of the operator. The
sound emitting source (speaker^ must

be attached to the bod\- member
(w rist, finger. elbow, etc.) which is to

1. J. Goldman. "Development and Test-
Ing of an Electronic Method for De-
termining Acceleration. Constant
Velocity" and Deceleration of Body
Motions." Doctor of Science Disserta-
tion, Washington University, St. Louis.
Mo.. Aug. 1955.
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Fig. 1. Block diagram for a single channel of
UNOPAR. The other channels which are used for

measurements of two and three dimensional motions
are identical.

be studied; however the size of this

source is at present smaller in dia-

meter, thinner and lighter than an

ordinary wrist-watch.

Three microphones, oriented in

three planes, with the directional axis

of each perpendicular to the direc-

tional axes of the others, are utilized

to measure motions in the three

planes. Each microphone receives its

component portion of the sound waves
emitted from the speaker attached to

the body member moving towards or

away from the microphone. This sys-

tem provides a variable reference

orientation, since the three micro-

phones can be rotated in any position

as long as their orientation with re-

spect to each other is fixed. This

flexibility makes it possible to circum-

vent obstacles to the path of trans-

mission and to permit use of overhead

space in industrial situations.

Because of the Doppler eflFect, a

transmitted source of sound (speaker)

that is in motion relative to a station-

ary receiver (microphone) provides an

increase or decrease in frequency of

sound waves at the receiver which
varies directly with the velocity of the

Fig. 2. The new specíally designed Lorenz Electrostatic Speaker is only 1" in

diameter, V4" in thickness and weighs less than one ounce. It is shown with a
regular watchband and the two small wires used to operate it. The UNOPAR
speaker is being wom on the wríst of the operator being studied.
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source. Motions toward the micro-

phone will increase the frequency re-

ceived, and motions away will de-

crease the frequency received.

To minimize the error which can

be caused by the moving speaker not

remaining in the direct axis of each

stationary microphone, the motion of

the speaker is assumed to be con-

fined within a one yard cube and the

microphones are placed 10 feet away
from the centre of this cube. The
maximum possible error of measuring
the velocity and time (the two basic

measurements made with UNOPAR;
the other measurements are made
mathematically and electronicalJy

treating the two basic measures) will

not exceed 1% of true value. Because

(1) almost ali work activity is usually

performed with a one yard cube, (2)

the size of the cube and the distance

of the microphones from the cube can

be increased (with the appropriate

adjustments in UNOPAR) if desired,

and (3) it is possible to orient this

cube in any manner to encompass the

motions in an operation, this error

problem becomes virtually non-exist-

ent for practical purposes.

Operation of the UNOPAR
The basic operating procedure of

the UNOPAR begins with the genera-

tion of the operating frequency of

20,000 cycles per second (by crystal

controlled oscillator at 20.000 k.c).

As is indicated in the block diagram
(Fig. 1) this 20 kc. signal is sent

through a power amplifíer to the

speaker. Most of the research work

s
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performed to date has bt-on done by
moving a speaker lather than by at-

tachiiig a speaker to a moving body
member. This has helped in learning

more thoroughly about the potentiali-

ties of UNOPAR. In the near future

actual body motion tests vvill be per-

fomied. If more than one body mem-
ber is to be studied, a different fre-

quenc\' signal would be used for each

member involved.

At the present time the Lorenz

electrostatic speaker (Fig. 2) is being

utilized in the experimental work.

Present speaker developments indicate

the actual size of the speaker vvill be

reduced to the size of a thick nickel

or quarter. This size will make it

possible to study aiiy type of physical

work, because the speaker will not

hinder the operator in any way.

The perpendicular vectors of the

frequency changes are received by the

three microphones. The block dia-

gram (Fig. 1) shows only one micro-

phone and its corresponding circuit;

the same circuity would be used for

the other two microphones. When the

speaker is in motion, the frequency of

the sound received at the microphone
will be 20 kc. per second plus or

minus the Doppler diflFerence caused

by the motion of the speaker. Since

the voltage levei of the received sig-

nal is low (175 micro-volts) , it is sent

through a preamplifier attached to the

microphone stand (Fig. 3). From here,

the signal is sent to an amplifier sec-

tion of the UNOPAR electronic relay

rack. This amplifier has seven tuned

amplifier stages.

The 20 kc. signal, plus or minus
the Doppler difference frequency, is

mixed with a 21 kc. reference signal

(generated by a crystal controlled os-

cillator of 21.000 kc. control). From
this mixing, a 1 kc. signal, plus or

minus the Doppler difference fre-

quency, is obtained. This is the usable

signal for conversion to voltage. It is

sent through two tuned amplifier

stages to the converter chassis.

The converter circuit is arranged

to provide a d-c. voltage output dir-

ectly proportional to the frequency of

the input signal. The resultant d-c.

voltage is therefore directly propor-

tional to the velocity of the speaker.

The d-c. voltage for each plane of

motion is sent through an amplifier

to the three velocity recorders. Each
amplified d-c. voltage is also sent to

an electronic differentiator, whose out-

put voltage is proportional to the ac-

celeration and deceleration of the

speaker. Each of these signals is sent

to an acceleration-deceleration re-

corder. Each amplified velocity volt-

age is also sent to an electronic inter-

grator whose output voltage is pro-

portional to the displacement of the

speaker. Each of these signals is sent

to a displacement-position recorder.

Direction of the motion is detennined

from the voltage variations above oi

below the voltage output of the one

kc. zero velocity signal input. A larger

voltage indicates a motion toward the

microphone, and a smaller voltage in-

dicates a motion away from the micro-

phone. The three records for a given

measurement unit can be combined
into an absolute total by electronic

vector summation.

The calibration circuit is designed

to generate sine wave signals of the

Fig. 3. Dr. Goldman niakes the final

alignment of the .\ltec-Lansing high

frequency microphone in preparation for

making a measurement with the UNO-
PAR. The self-contained preamplifier

unit is attached to the microphone stand.

proper frequenc\' and voltage to check

the velocity ard acceleration maxi-

mum displacement values, and the

zero adjustment of ali of the elec-

tronic equipment.

A 12 channel d-c. oscillographic re-

corder is used to plot the indiN-idual

vectors of velocity, acceleration-

deceleration. and displacement-posi-

tion. The summation vectors of

velocity, acceleration-deceleration, and

displacement-position are also plotted

on this recorder. The recoixier is cap-

able of plotting infonnation at a con-

stant synchronously controlled maxi-

minn speed of 125 mm. per second

(5 inches per second), thus proxiding

an accurate timing record for ever\

motion and the above information.

Future Development of the UNOPAR
equipment

The present electronic equipment

and recorders are fairh' large. De-

Fig. 4. Original verification apparatu.*

used to check the validíty and accuracy

of the UNOP.\R mcasurements. Note the

small acceleromefer ( connectcd to the

black wire) firmly attached to the same
rigid frame as the test speaker. to in-

sure that motíons of the speaker and
accelcromcter were idêntica] . Entire tcst

apparatus is shown inside the anechoic

cliamber where the validification tests

were made.
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Fig. 5. Facsimile of a section of the UNOPAR velocity vs. time tape on which is recorded the one plane motion of the
original test speaker. In this motion the hand moves the speaker from rest, over a known dístance and strikes the front end
brace of the test apparatus (Figure 4) to check the transient response of the system. The straight Une section of the tape
between poínts A and B shows zero velocity (center line of chart is zero) indicating the hand at rest. As the hand began
to move the speaker do\vn the rod, the velocity charted increased rapidly from point B to C to D. The changing velocity

along this section of the curve (slope) is the acceleration portion of the motion. At point D, the velocity reaches its peak.
The curve is not flat (does not remain at a constant velocity) on top but changes smoothly from its rising characteristic

(acceleration) to a falling one ( deceleration ) as the hand begins to slow down (D, E, and F) before striking the end
support. The speaker struck the barrier at point F and the velocity dropped immediately. Slight rebounds (damping) of

the hand and speaker frame are indicated by the wavy motions of the curve at Point G. The straight line at point H indi-

cates that the hand had come to rest again. This motion was recorded with the tape rimning at the fastest speed of 125
mm./sec. Therefore, each large division between the curvilinear vertical lines on the tape represents a time interval of

0.000665 minutes. The time interval for the performance of this motion is easily and accurately computed.

velopment of the equipment indicates

there will be a substantial reduction

in the amount, size and weit?ht of the

necessary components. At the present

time ali the electronic equipment

must be in operation when measure-

ments are to be made. However, in

the near future a 3 cha^nel magnetic

tape-recorder will be introduced ínto

the circuit, between the mixer ampli-

fier and the converter chassis. One
channel of the tape-recorder wOl be

utilized for each one of the three

planes. The inclniíon of the tape-

recorder makes UNOPAR a much
more versatile measuring device, since

only a small part of the electronic

equipment need be present at the

operation when measurements are

being made. The tapes can be taken

back to an ofRce or laboratory and
studied at a later time at the leisure

of the analvst. Magnetic tapes pro-

vide a simplified and compact system

of storing information, a mnch more
practical way of utilizing UNOPAR,
and an easy method for referring to

any motion for new measurements or

repetitions of the measurements.
Another oroblem to be solved con-

cerns handling, processing, and in-

terpreting the great mass of data pro-

vided bv the UNOPAR. At the present

time, ali the information is plotted in

graphical oscillographic form. Each
motion made by the operator provides

data of velocity, acceleration, deceler-

ation, displacement, position, and
time. A digital computer would greatly

facilitate handling and interjíreting

these data and performing any mathe-
matical manipulations desired. Since

the information from UNOPAR is in

analog form (a continuous plot as

every motion occurs), a conversion

has to be made.
At the present time, the plotted

curves are measured visually using a

specially developed UNOPAR tape

analyzer, and these measurements are

punched into a digital computer input

card. This requires a great deal of

time and effort. To reduce greatly

this additional work, the output of the

UNOPAR can be fed directly into the

analog-to-digital electronic converter.

The output information from the con-

verter takes the form of punched cards

or magnetic tape suitable for input

purposes to the digital computer. This

proposed system for data handling is

now in the preparation stage.

Reliability of UNOPAR measurements

Tests for the reliability of UNO-
PAR measurements were made for a

one plane motion (there is no criterion

for a three plane motion) with an ac-

celerometer as the criterion source.

The test-speaker apparatus is shown
in Fig. 4. The test was made in an

anechoic chamber. This was done to

eliminate ali extraneous noises and
spurious reflections which might inter-

fere with the accuracy of test measure-

ments. The speaker and accelerometer

were rigidly mounted on a frame for

the one plane motion.

Chi-square and correlation tech-

niques were used to check the size

and shape of UNOPAR ai^d accelera-

tion-deceleration plots with the simi-

lar plots from the criterion acceler-

ometer. Chi-square probabilities of

0.99 and above and correlations of

0.99 and above were obtained, indi-

cating excellent fits for the t\vo sets

of curves. Additional verifications

were made by calculating the stand-

ard deviation for percentage of error

from the accelerometer plots for the

maximum (peak) velocities, maximum
acceleration-deceleration values, and
time for a series of motions. For velo-

city, the standard deviation was 1.08

percent; for acceleration-deceleration,

2.17 percent; for time for velocity,

1.06 percent; and for time from ac-

celeration, 2.79 percent. These results

indicate excellent measurements from

UNOPAR (there is evidence that in-

dicates part of most of the errors ob-

tained were due to the mass action of

the accelerometer, not to UNOPAR).
A sample of the type of information

available from UNOPAR is shown in

Fig. 5. The motion was performed on

the test set-up of Fig 4, and the

motion was stopped bv the support at

the end of the track. The velocity plot

in Fig. 5 shows the direct response

of the device to a motion of this type.

This was a criticai test of the transient

response of the system since the

speaker was brought to zero velocity

almost instantaneously. Another il-

lustration of a velocity curve from
UNOPAR is shown in Fig. 6. This plot

is from a research project currently in

progress.

Uses of the UNOPAR
Because the UNOPAR provides the

measurements of actual human per-

formance, many uses and benefits can

be expected in the industrial situation.

Other disciplines which make studies

of human being performances vvtII be
able to use such a device. A brief re-

view of some of the problems
UNOPAR can help solve and the pos-

sible uses of the UNOPAR is given

below.-

2. For a more complete discussion see
the following: G. Nadler, Motion and
Time Sludy, New York; Mf-Graw-HlU
Book Co.. 1955. pages 417-428;
G. Nadler. "Electronics in Work Mea-
surement," Proceedings, 6th Annual
Conference, American Instituís of In-
dustrial Engineers. 1955;
J. Goldman and G. Nadler, "Elec-
tronics for Measuring Human Motions."
Science, Vol. 24. No. 3226, pages 807-
810, October. 1956;
J. Goldman, op. cit.. page 85.
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1. Work Simplification and Mea-
siirenient. This is an important area

in wliich information valuable to

the machine designer would be ob-

tained. Man>- problems confront the

analyst in this area. What is a

niotion? How is it performed? What
are correct classifications of mo-
tions? What eífect does one motion
have on another? What is the se-

quence of motions? What is the

proper method of performing a Job?
How can an operators performance
be measured? What is the eífect of

niechanical or dilBculty factors on
operators performance?

2. What is fatigue? Engineers are

accustomed to the word fatigue in

relation to materiais. Now it has

become important to leam about
fatigue in relation to human beings

to assist in design of equipment.

Little is known about this subject,

and getting the information about

motions that UNOPAR provides

will produce further advances in

this area.

3. Psychological activities. There
are many áreas in psychology which
will eventually provide information

for engineers. Since psychology

deals with why people do the

things they do, it becomes impor-

tant to correlate this information

with work performance records.

Certainly the UNOPAR information

on work will be highly valuable

for such purposes. In addition,

UNOPAR information will be help-

ful in selecting the right people for

the jobs or equipment to be used,

and for training them for the work
to be done.

4. Physiological activities. Just as

in psychology, there will be need
for UNOPAR information for physi-

ologists. The physiologists deals

with the physical functioning of the

body, and of course, this is highly

related to the work performance

itself. It will be possible for physi-

ologists to leam the relationship be-

tween work and the functioning of

muscles, heart rates, oxygen con-

sumation, and so forth.

5. Other engineering activities. Ma-
terials handling depends on people

to move material, drive trucks, op-

erate hoists and push dollies. Auto-

mation will depend on infonnation

concerning man's abílities and cap-

abilities under nonrepetitive work
situations. Production control re-

quires information on scheduling

which is dependent on time stand

ards. With UNOPAR delving into

Fig. 6. Facsimile of a section of the UNOPAR tape record taken from a current research project being performed for the
Office of Naval Research. The UNOPAR velocity vs. time record is shown on channel 2 (center) of this tape and a force
measurement is shown on channels 1 and 3. This research project was undertaken to study the effects of leaming on the
performance of a job. The job was one of leaming to apply a certain force ( within gvien tolerance limits ) at both ends of

a 19 in. motion. A resume of a typical cycle shows that the motion starts (point A) at the front end of the test table after

a force has been applied to a force lever at this end. The subject moves with a rapidly increasing velocity from point A to

B and then to the peak velocity at point C where he begins to slow down in anticipation of striking the rear force lever.

The jog in the curve (sharp deceleration ) at point D indi cates that contact with the force lever has been made (see also

point D') and subject then decelerates to zero velocity when he thinks that the terminal force has approached the assigned
value. An observation of the actual terminal force applied to the rear force lever ,point F'") shows that the subject exceeded
the upper tolerance limit for this cycle. The subject is signaled that he is within the tolerance force range by a buzzer which
sounds whenever a force is within the acceptable limits. The subject then begins the retum cycle to the front force le^er

(from point F).
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the fundamental structure of work,

many engineering activities wil]

benefit.

6. Other branches of science. Bío-

mechanics is interested in the rela-

tionship between man and machine,

and much of their work depends

on information conceming what an

operator does and the time or pace

for the performance. Physical edu-

cation is directly concerned with

motions, motion paths and leaming
more about what an athlete does in

his performance. The eííects of

mental illness on the performance

of the job would help find where
such persons might be profitably

utiUzed. Physically handicapped

persons could also be studied to find

information about their usefulness.

MiHtary possibilities are many.
What is the proper load and distri-

bution of load for a soldier charg-

ing across a field? What does a jet

pilot do in operating his controls?

This list of possible uses of

UNOPAR could be expanded greatly

sínce many applied sciences deal with

human beings. A complete under-

standing of what a person does and
how he does it will, when this is

needed, greatly contribute to the most
effective results in the various disci-

plines.

Although the UNOPAR has not de-

veloped complete information on
human performance, it is apparent

that this tool will greatly assist the

engineer in his functions for the fut-

ure. Certainly, this tool should make
the engineer even more aware of his

responsibilities for proper design for

human use of equipment.

ECOLE POLYTECHNIQUE (Cotitinued frotn page 52)

120,000 volumes can be stored in the

shelves.

At the west end of this íloor are

storage cabinets for maps, and at the

opposite end is a secondary reading

room which can accommodate 48 per-

sons. In addition there are some thirty

well-lit tables alorg the outer wall at

whích publications can be consulted.

The two floors of the library are

also linked by an electrically-operated

elevator.

Classification of Publications

As already mentioned, the main
classification of publications is by the

universal decimal system, but certain

exceptions are made to facilitate refer-

ence to particular subjects.

The central reference file has cards

for each item by name of author, by
title of publication, and by subject.

Ali these are listed alphabetically and,

in the case of titles, regardless of the

original language of the article. How-
ever, the pertinent information is in

French.

Dictionaries and similar reference

volumes, which are not issued on loan,

are kept in separate shelves with ad-

joining reading tables.

Books are loaned only to teaching

stafF, students, and graduates of

Ecole Polytechnique, with the ex-

ception of inter-library loans, but

other interested persons are allowed

to consult material in the library.

MATERIALS TESTING
DEPARTMENT

The study of the mechanical proper-

ties of materiais at Ecole Polytech-

nique has been subdivided. The ma-
teriais testing department studies fer-

rous and non-ferrous metais and
alloys, woods and plastics. Other ma-
teriais such as concrete, bricks, etc,

are the province of the civil engi-

neering department.

The department provides basic in-

troductory studies, postgraduate work,

and research work by personnel mem-
bers, bo^h in the fundamental and
applied fields which may lead to im-

proved industrial applications. Many
published reports of the work of

this department have already made
it widely known in North America,

France, and Britain. Further advances
are anticipated, and the new quar-

ters, which almost double the pre-

vious facilities, will be most helpful

to that end.

Facilities

The main room in the department
contains ali the test machines for

static and dynamic tension, impact,

torsion, and hardness. Extensometers,

dynamometers, and precision instru-

ments for mechanical, optical, and
electrical measurements are enclosed

by glass partitions, together with

testing machine accessories and cali-

bration equipment.

A smaller room houses several

fatigue-testing machines, most of

which were designed and buiit in the

department's workshops. Tests can be

made over a wide range of geometry

and environment conditions for ten-

sion, compression, torsion in uni, bi

and triaxial fatigue sollicitation.

Hígh-temperature studies are car-

ried out in other rooms equipped

with furnaces and apparatus for analy-

sis and the observation of crystalline

structure. A 65 kw. furnace fitted

with hydraulic pumps and controls is

used for creep studies at high tem-

peratures and pressures on 7 ft. long,

Dí in. wall thickness pressure vessels.

Another room is equipped for

photoelasticity measurements, and an

important feature is the workshop in

which the various test pieces are

machined. A photographic dark-

room completes the laboratory in-

stallations.

A separate concrete room near the

laboratory is used for plastic fatigue

testing on model pressure vessels, 4 ft.

long, % in. wall thickness.

Other Features

A portable crane is provided for

handling heavy loads, and a large

door allows trucks to enter. Ali divid-

ing partitions in the laboratory are

glazed above a height of three feet

from the ground, to give all-round

visibility. An insulated double ceiling

is provided to prevent the noise of

machines reaching the library, which
is immediateh' above the laboratorv.
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3500 TON

UNIVERSITY OF TORONTO BUILDING

MOVED 250 FEET

R. M. Bremner, P.Eng., A.M.I.C.E.,

in charge of

construction and planning at the University of Toronto.

AN UNUSUAL engineering pro-

ject was undertaken last summer
at the University of Toronto. The
building which houses the Faculty of

Forestry was moved two hundred
and fifty feet to a new foundation.

The main reasons for this move
were to:

(a) Provide a olear site for an ex-

tension to the existing McLennan
Laboratories — construction of this

extension vvill be started in the

spring of 1959.

VVith the Forestry building in its old

position the extension to the McLen-
nan Laboratories would be 'U' shaped
and involve the construction of an
additional five hundred feet of ex-

ternai wall. The 'U' shape and other
complications made it difficult to plan
a satisfactory layout of laboratories

and lecture rooms.

(b) Preserve Baldvvin House.
A 'U' extension would necessitate the
demolition of one of Toronto's oldest
and finest residences. Until acquired
by the University in 1923, Baldwin
House was the residence of Ontario's

Lieutenant Governors.
(c) Extend the facilities of the De-
partment of Forestry.

The increased enrolment of students
and the demand for better post gradu-
ate courses had taxed existing facili-

ties. An extension was required to the

existing building but no space was
available as a result of the plans for

the McLennan Laboratories.

(d) Maintain facilities for 1958-

1959 classes.

Construction of a new Forestry build-

ing would take about eighteen months
and for this period Forestry facilities

would be disrupted; the University

did not relish this delay and incon-

venience. The estimated cost of new
construction was $600,000.—a factor

which was also given much consider-

ation.

Tenders were called, at the begin-

ning of May 1958, for the building

move, new foundation and extension.

These tenders showed a saving of 55%
against the cost of new construction

and thus a contract was let, early in

June 1958, with Hartshonie and
Nicholas Associates, a finn of experts

in this type of work.

The Forestry building is a 30 year

old three storey brick and stone

structure. Exterior and interior brick

walls are bearing walls, while floors

and roof are reinforced concrete

beams and slab. The main concrete

floor beams, which are at 14 ft.

6 in. centres, span 21 ft., in a north-

south direction, betvveen the 2 ft.

thick extemal walls and the 1 ft. 6 in.

thick brick bearing walls of the cen-

ti-al corridor, running east-west. The
central corridor, which extends the

full height of the building, is 8 ft.

wide.

The overall sizes of the building are:

Length (east-west) 84 ft.

Width (north-south) 57 ft.

Height (basement floor-

roof) . 55 ft.

The estimated dead weiglit of the

structure above the "break point" for

moving was 3,500 tons. (The "break

point" occurred approximately 3 ft.

below the finished first floor levei).

Work was started on the building

at the end of June 1958. Holes wei-e

cut through the walls of the structure

to accommodate se\'enteen 14 in. x

16 in. X 142 Ib. ft. wide flange

needle beams which were inserted

through the building in a north-

south direction. tender these seven-

teen beams a further four beams
were inserted in an east-west direc-

tion and thus a giid of steel beams
was formed which supported the

structure when being jacked and

moved.

The top flanges of the upper steel

needle beams provided support for

8 in. X 6 in. oak secondar\ needle

beams which in timi supported
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walls, ends of existing concrete beams
and other points in the struc-

ture. These oak needles also acted

as cushions under points of bearing.

The layout and wedging up of these

oak needles requúed much skill and
care for these members were the only

ones in direct contact with the struc-

ture.

The difference in levei between the

existing first floor and the final first

floor was 6 ft. (see Fig. 1). This

"lift" was planned in three sections:

(1) The structure was jacked up
3 ft. 6 in. along the north side and
3 ft. along the south side. The whole
structure was, tlierefore, on a 6 in.

tilt from north to south.

(2) Inclined track beams laid under
the support grid were given a rise of

1 to 120 in a northerly direction.

About 2 ft. was gained on these

inchned tracks over the 250 ft. move.

(3) When the building was over

the new foundation it was levelled ofF

and then jacked up the remaining 6

inches.

Forty-eight 100-ton Duíf-Norton

hydraulic jacks, with a rise of ôVs in.,

were used to jack up the structure.

The jacks were arranged in four lines

corresponding to the support beams
running in the east-west direction.

Each line of jacks was worked to

definite sequence and no line of jacks

was more than Vs in. ahead of the

other. In this way the structure was
jacked up as evenly as possible with

ali lines of jacks taking their share

of the load.

It took about one day to re-set the

jacks and build up cribbing after each

6Va in. rise. As the building was raised

the efficiency of the jacking crew de-

creased since they were obliged to

work from staging. (Fig. 2 shows the

layout of jacks and cribbing when
the building was raised about 18 in.

and explains the reason for keeping

the height of the initial lift to about

3 ft. 6 in.)

On completion of initial jacking the

tilt of the building was about 1 to 120.

The ground slopes up 24 in. from the

old site to the new site (see Fig. 1)

therefore the tilt of the building ap-

proximated to the slope of the ground
and the track beams. A much more
positive bearing was thereby obtained

between the track beams and steel

support frame ard costly shaped

packers were eliminated.

Before the building was moved and
in order to provids additional bearing

between the track beams and the steel

needle beams a further four 14 in.

X 16 in. X 142 Ibs./ft. wide flange

beams were inserted through the

structure in an east-west direction.

Eight sets of track beams were then

run in north-south under the steel

needle beams. A track beam com-

prised one 14 in. x 16 in. x 142 Ib./

ft. wide flange beam vertically on

top of another with a Za in. diam-

eter mild steel roller sandwiched

between the flanges. The rollers

were 2 ft. long and at 15 in. centres.

Ali track beams were tightened up
against the steel needle beams to

ensure positive bearing and a 60 ft.

length of track was continued, at

the rise of 1 to 120, outside the

structiu-e and blocked with 8 ft. x 6
in. X 8 ft. oak baulks to distribute

the loads from the tracks to the

ground. The estimated ground pres-

sure under the track beams was
about IVi tons/sq. ft. which is a con-

Fig. 1. Plan of the area involved; showing existing Forestry building site, relocated forestry building and ground leveis over
the land traversed.

ii II

i< II

i< II

'I
II

-! II

u' |l

"li I

-ll

^ \\\\\\\

I —

r

II ,1

II
:i

N : x-
Relocited X
For;«s-try
Building

\ Fiplst Floofv
Leve]
358 50

1^ m
i;

-,<^ * t

n tn |i

l§|!
ll-£E

I

Future Extension
Lennon Laboratories

250 -0 Approx.

1

Existing
For e s try
Building
Site

First Floor
Levei
352-56

University Property Line

351-30

Press
Building

I I

Baldwin House

S I d e w a I K

S t. George Street
SITE PLAN

Scale SOFeet to llnch

50 50 100

Build ings To Be
Demolished Or
Demoiíshed

Future Extensions
Shown Thus —

THE ENGINEERING JOURNAL—JUNE, 1959 67



sen ati\'e bearing pressuie for the hard
brow ii ;md grey cla\- strata under the

nio\ e area.

The maximum settlement observed

on the track beam for a 60 ft. move
was IV4 in. while the relative settle-

ment betweeii individual tracks was
no more than '2 in. The support beams
of the structure appeared to adjust to

these relative difíerences with no ex-

cessive strain imposed upon the struc-

ture.

Power for the move was obtained

from two Mack Diesel trucks, each of

260 horsepower. Each truck had a

25 ton Silent Hoist winch mounted on
the rear. Cables from the winches
were arranged through a 6 line system

of return blocks attached to various

points of the steel support frame
under the structure. The end cable of

the six line system was anchored to

a "dead man" in the ground. For the

first 120 ft. of the move the trucks

were positioned to pull the building

towards them but for the last 130 ft.

of the move they were arranged so as

to move the building away from
them. The two truck positions in-

volved a simple rearrangement of

cables from the winches, structure

and anchor. (Fig. 3 shows the build-

ing just over the new foundation.

Notice the steel beam at the end of

the track beams being used as an

anchor).

Preparation for each 60 ft. move
took about one week, whereas the

actual move took about 7 or 8 hours

Fig. 2. The jacking crew at work: At this point, the building was being raised a
further 18 in. and it was necessary for the men to work from staging.

to complete. It was very important to

maintain a balanced pull on each

winch as the structure moved. Vary-
ing tensions on the cables tended to

slide the structure off line and when
this occurred the rollers would "fight"

or bind each other. The structure was
therefore moved in increments of 5 ft.

and after each increment the rollers

were trued up and re-centred. When

Fig. 3. Here, the building has come to

250 ft. from the old site.

rest over its new foundation after moving

the structure did move off line a cor-

rection was made b\- splaying the

rollers in the direction of the required

adjustment.

The stnicture was relocated on

the 23rd September and student

classes in Forestry commenced on the

29th September. Underpinning was
carried out while classes were in

progress. The total time for the

moving of the structure was 1 2 weeks

while the new basement and exten-

sion was completed at the end of

December 1958.

There was no structural damage
to the building as a result of the move
although a small sum of mone\ was
spent to tuck point parts of the ex-

terior where the mortar joints to the

brick and stone had spalled off.

This tx^pe of project is common
in the United States particularly

where highwa\s are constructed

through built-up áreas. There appears

to be no limit to the size or t\pe of

structure moved for the author has

heard of 12 storey public buildings

being relocated to presen-e the struc-

ture and facilitate economic through-

wa\- construction. Some of these struc-

tures have been mo\ed while the

occupants still used ali the facilities

of the building and pursued their

normal business da\'. The econom\-

of moving a large stnicture varies

\\ ith other circumstances but perhaps

we ma\- pause in the future to con-

sider thc possibilities of this tech-

niqne.
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A TYPEWRITTEN
GRAMMATICAL WORD COUNTER

Jules 0'Shea, Jr.E.I.C,

Canadair Services Ltd.,

Pilotless Aircraft Division, Boeing Airplane Compamj,

Seattle, Washington., U.S.A.

Definition

Since the computei- proposed herein

counts words, we must therefore de-

fine a word for our particular applica-

tion. Any dictionary word (simple or

compound), proper names, numbers,

(regardless of the number of digits)

can be detected and counted by the

computer. Hence, a word is not a

mere stroke average; the pronoun /

for instance, must count just as heavily

as the noun antidisestablishmentarian-

ism. Moreover, the words are counted
grammaticallij ; the computer sees no
difference between a simple word like

cat and a compound noun like

brother-in-law.

To sum up, let us say this special

puipose computer has been pro-

grammed to solve the equation:

W = (S) + (SJ + (L-L„).

2

This equation infers that W, the

This paper describes a simple electronic circuit counting exactiy the number of

grammatical words in a text as soon as they are typewritten. Such a device has

already been constructed and has been described by the author.i Subsequently a

public demonstration was given at the 1957 Annual Students Night of the E.I.C.

Since that time the circuit has been completely redesigned and the previous Hmita-
tions no longer exist.

As input or sensitive device, the first counter required compHcated mechanical
switches for sending pulses sequentially ( as indicated on fig. 1 ) to the control unit.

These were not commercially available and required tedious adjustments. Also this

configuration resulted in poor accuracy at speeds higher than about 50 words per
minute.

To obviate these shortcomings, the present counter uses only D.P.D.T. and
S.P.S.T. switches which are fastened rigidly under the keyboard of the typewriter.

This improvement has been possible after a new all-electronic circuit had replaced
the previous one.

Fig. 1

SPACE BAR

number of words in a text, must be
the number of times an electro-mag-

netic counter is energized by the com-
puter circuit. Current (d-c pulse)

flows through the register coil after

either one of three predetermined con-

ditions has occurred: (S) when the

space bar is depressed between the

words, (Sy2) when the space bar has

been depressed twice after a sentence,

15 MFD 65K

^ I I t Wv-

(L-L,,) when the line spacer lever has

been actuated at the end of a line (L)

which is not terminated bv a hvphen
(L„).

A more detailed explanation for this

setting will follow under the heading
Description.

Since the switches are rigidly

fastened to the keys, we have a

built-in program. Therefore if one

+ B

GRAMMATICAL WORD COMPUTER
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wishes to siinulate another equatioii

for "W", a meie relocation of the

sw itches soIn os the problem.

Descriptíon

Tile easiest solutioii to the problem

of couiiting words piinted by a type-

w riter seems to place a normally open
S.P.S.T. switch under the space bar

(fig. 2). Thus, every time a word is

printed, the typist makes a space and
contacts close the coil ciicuit of an

electro-magnetic counter adding one

to the total. However, it is a common
ofRce practice to leave two spaces at

the end of a sentence and it follows

therefoie, that by using the single

switch ciicuit, the last word of any

sentence is counted twice. To remove
this difRculty, we iieed four additional

switches and a memory (fig. 3). The
memory is a bistable circuit which
stays on until it receives a pulse from

the switches connected to the gating

hias, then it turns off and must be re-

set.

One of these switches performs two
functions: it is operated by the period

key and it also sends a pulse to the

memory when an exclamation mark
ends a sentence, since this punctu-

ation mark necessitates the use of the

apostrophe and the period keys

sequentially. The other two switches

are in series: one is actuated by the

shift key and the other, by the comina
key since both have to be depressed

simultaneously to print an interroga-

tion mark.

Therefore, according to fig. 3, the

memory and gate circuit has no out-

put after a period, an interrogation or

an exclamation mark has been typed,

and it stays off until the space bar is

released after the first space. A switch

then resets the memory (we shall see

later how this is done). The second

space after the sentence then triggers

the counter and the last word is thus

counted.

The circuit of fig. 3 requires further

improvements. At the end of a line,

the typist use.s the line space lever

PERIOD

COMMA SHIFT

f z: í

GATING
BIAS

RELEASE

I
SPACE BAR

Fig. 2.

SES

and not the space bar. Therefore,

when a word terminates a line, an-

other switch (fig. 4) thereafter called

Une space lever switch closes the

counter circuit and registers the word.
Often only one or a few syllables of

the last word can be printed before

changing the line. Then the line space
lever switch must not energize the

counter.

Fortunately, in such a case, a hy-

phen tells the readers the word is not

completed, hence a switch under the

hyphen key can turn off a second
memory (completely independent
from the first one) and this prevents

the line space lever switch from actu-

ating the register. It also contains a

re-set control as in the previous case.

Finally, since both circuits now con-

trol the same register, they are linked

together as shown in fíg. 5.

This figure presents two rectangles

marked memory and gate. These two
functions take place in a one-tube
circuit.

This circuit (fig. 6) performs the

memory function from partial-ioniza-

tion of the gas between plate and
cathode of a glow discharge tube. In

this manner the information is ne\'er

lost unless intentionally erased.

If switch Sj momentarily applies a

positive voltage on the starter, a

small current flows through the tube
and Rj. If Sj is subsequently closed,

a relatively large current (register coil

d-c resistance being many times

smaller than RJ energizes the counter

because the gas in the tube was al-

ready ionized. Only S.^ can interrupt

the conduction of current in the tube;

by-passing the current momentarily.
the gas deionizes and the tube stops

conducting as long as starter potential

remains below break-down voltage.

Although S., closes while the tube

MEMORY
a

GATE

X

J
•+ B

COUNTER

itays in this state the register cannot

•ount. Rg only prevents floating volt-

cjes to appear on the starter. (Note

t!'at a normally clcsed S.P.S.T. be-

tween Rj and plate could have served

the purpose of Sj by cutting ofif the

tube current momentarily).

In the actual computer (fig. 7), two

of these circuits are connected in

parallel to function as the tvvo mem-
ory and gate of fig. 5. Switch Sj now
becomes, in circuit \\, the hyphen

switch. In circuit \\ there are two

ways for deionizing the triode: de-

pressing the period switch alone or

the shift and comma switches simul-

taneously.

The trigger switch S3 of fig. 6, be-

comes in \\, the S.P.S.T. contacts of

the space bar while, in V,, it becomes

the S.P.S.T. line space lever switch.

But the re-set switch S^ is replaced by

a more intricate means to send a

positive pulse to the starter. As al-

ready explained, the triode deionizes

after a punctuation mark, then the

t\pist has to make two spaces. The
computer uses the first one to restore

ionization and the second one to ener-

gize the register: the S.P.S.T. contacts

of the space bar sw itch, when de-

pressed, charge capacitator Cj. When
the space bar is released at the end of

the first space, the capacitor thus

brings the starter electrode to a high

potential and ionizes the gas which

then remains ionized because of Rj

(Cj ma\- discharge). When the space

bar is depressed for the second con-

secutive time the S.P.S.T. contacts of

the switch can now energize the

counter since the tube is conducting.

The switch marked release is actu-

ated, every time a svmbol is printed.

b\- a lever releasing a latching mech-

anism so that the caiTiage adx ances

one stroke to the left. This is a dual-

Fig. 3.

SPACE

BAR
SES

t

RESET
BI AS

r

-l-B
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HYPHEN

RELtASE

MEMORY

a
GATE

LINE
9PACE

LEVER

f
GATIN6

BIAS

RESET
BIAS

purpose re-set switch.

First when typing decimal figures,

the period between the digits would

have prevented the number to be

counted as a word while depressing

the space bar after this number be-

cause only the re-set would have been

done then. Second, the hyphen be-

tween the parts of a compound word
(or the dash replacing parentheses)

deionizes the gas in triode Vg. But,

since this hyphen has no relation wilh

the end of the line, the release switch

re-sets before the end is reached.

Conclusion
The reader who compares both cir-

cuits will easily discover the numerous

advantages of the new computer over

the previous one. Among the more

obvious improvements he is likely to

note the greater mechanical simplicity,

the indefinite storage capacity and the

faster time response. Hence, no speed

limitations are encountered when a

human person operates the typewriter

(max. speed allowable by the counter

600 counts per minute).

Other improvements which might

perhaps be overlooked are the follow-

ing: a decimal number now counts as

a word and a compound noun at the

end of a line can be detected while,

in the first computer, neither was
counted. The re-set being done after

the printing of any symbol (except

the punctuation marks) cancels out

the eífect of punctuation marks when

PERIOD

COMMA
SHIFT

+ B

Fig. 4.

they are not followed immediately

by a space or a change of line.

Typist mistakes such as erasures

and strike-overs are relatively few and
do not aífect the counter as long as

the space-bar stays at rest position.

Therefore the typist should take cara

to use the tabulator key for paragraph
indentation. Since there is no switch

under this key, these spaces will not

be registered as words. While existing

rules are respected, no error should

result.

The circuit should have a long

trouble-free life because there are no
filaments to bum out, no mechanical

parts to wear out, nor criticai circuits

to adjust periodically. The only elec-

tro-mechanical component, the

Fig. 5.

RELEASE

MEMORY

a
GATE

(I)

SPACE BAR
j
—

GATING

BIAS

RESET
BIAS
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HYPHEN

J ^
MEMORY

a
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LINE
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(II)
LEVER
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counter, shows no failure after more
than three years of opeiation. The
power supply is a standard semi-

conductor voltage-doubler which can
be plugged in any 115 VAC outlet;

no regulation is needed.

Potential users are governments and
corporations employing many typists:

the personnel ofRce could evaluate at

Fíg. 7.

a glance the skill of a candidate or

use the device for impartial promotion
of actual employees. Newspapers and
magazine publishers vvho pay articles

on a per word basis would find it a

very convenient and inexpensive \va\'

for counting words. The teletype and
telegraph companies could also take
advantage of this small counter. Last,

»-B

Fig. 6.

but surely not least: the business col-

leges would thus be able to provide
direct incentixe for their typewriting

students.

Acknowledgement is due Dr. J. François
Perrier for assistance in preparíng this
article.
1. Scientific American, December 1956,

p. 169.

SPACE BAR

COUNTER
LINE- SPACE
LEVER

I

vwww

RELEASE
+ B

72 THE ENGINEERING JOUSNAL—JUNE, 1959



CONSTRUCTION OF FOUNDATIONS

for

VERNON NARROWS BRIDGE

R. J. McTavish, Jr.E.I.C, Field Engineer

Dravo of Canada Limited, Toronto, Ont.

IN CONSTRUCTING a by-pass for

Highway 11 around the town of

Huntsville, the Ontário Department of

Highways is eliminating the last

bottleneck for traífic moving north

from Toronto to North Bay. Travei

through the District of Muskoka, one

of Ontario's leading summer and win-

ter resort áreas, will thus be more
pleasant. At the present time it is not

uncommon for summer weekend traf-

fic to be stalled for several miles on

either side of the Huntsville swing

bridge over the North Branch of the

Muskoka River. The major structure

of the by-pass, a four lane bridge over

the Vernon Narrows, clears the water

by 17 ft. and thus eliminates the need
for a swing or lift bridge on the by-

pass.

Vernon Narrows connects Vernon
Lake to Hunter's Bay, forming the

source of the North Branch of the

Muskoka River. Although the bridge

span at the Narrows is only about

700 ft., the nature of the river bottom

presented diíRcult construction prob-

lems. The contractor had available

portable íloating constmetion equip-

ment which proved to be most suit-

able for the project. The award for

construction included the building of

eight reinforced concrete piers and
two abutments to support the nine

structural steel spans and reinforced

deck which will make up the com-
pleted bridge. Support for the piers

is provided by pipe pile driven to

rock through an average of 55 ft. of

silt, clay and gravei.

Two phases of the assignment pre-

sented more than usual problems.

These were construction of the below-

water portion of the piers and load-

testing of the pipe pile. Solution of

these problems called first for careful

examination of the plans, specifications

and boring results.

Each pier base is made up of two

tripod pipe pile supports with re-

inforced concrete caps, tied together

by a reinforced concrete strut. Specifi-

cations required the 18-inch-diameter

pipe pile to be driven with an open

end to rock, cleaned out and a four-

foot tremie plug placed in the bottom.

The plug was to be diiven out either

three feet or to a refusal of 40 blows

per inch at 15,000 foot pounds per

blow. After this, the casing was to be

dewatered and filled with concrete.

The reinforced concrete for the caps

and strut was to be placed "in the

dry."

Fig. 1. Set-up for testing pipe pile. Sheet pile cell was placed on top of cofferdam
undergoing test and filled with 450 tons of sand and gravei. Jack inside the test cell

transmitted load to piling.
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Tlio .specifications also required two
of the pipe piles to be test loaded with

400 tons each for a period of 24
houis. Borings indicated that the

deptli helow nieaii water levei to bed
rock \aried froni 57 ft. to 92 ft., witli

the water \ar\ing trom 6 ft. to 13 ft.

in depth. Overburden on the bed rock

was indicated to be very soft for most
of its depth.

Thiis, the basic requirements for

the pier base constrnction vvere:

1. A snp23ort franie or system of

leads froni which the pipe pile

could be positioned and driven.

2. A devvatered area for placing

the caps and struts.

3. A method of testing the pipe

pile with 400-ton loads.

To fulfill these requirements, the

contractor decided to use a circular

Steel sheet pile cofferdam for each

tripod and cap, and a double-skin

form for the connecting strut. Circular

cofferdains require a minimum of in-

terior cross bracing, and in this case

provided an unobstructed work area.

In adchtion, this type of coffer could

be adapted to allow for a 400-ton test

setup and would support a timber
frame to hold and guide the pipe pile

into position.

Construction procedure for each
pier base was laid out as follows:

Set and drive the sheet pile for two
21-ft.-diameter coíferdams. Exca-

vate within each coffer to a depth

of ten feet below the bottom of

the pier cap and fill this area with

granular material.

Set pile driving frame on coffers

and drive pipe pile to rock.

Clean out pipe pile, place and drive

plugs, and place concrete fill in the

pipes.

Place bracing rings in coffers and
dewater.

Place circular pier cap forms and
pour concrete.

Remove forms and pull sheet pile.

Place waterproof strut form, de-

water and pour concrete.

Remove strut form and begin con-

struction of the above-water por-

tions of the pier.

Details of Pier Base Construction

FA-6 Steel sheet pile in 30, 40 and
45-ft. lengths was used for the circu-

lar cofferdam construction. Enough
sheet piling was delivered to the job

site to permit the simultaneous con-

struction of six cellular coffers. The
sheet pile was set around a wooden
template floating on four 45-gallon

fuel drums. Four 4-ft. by 4-ft. by
3-ft. plain concrete blocks provided

anchorage for the template.

Fig. 3. Ferrying concrete from shore to piers. Concrete was mixed on shore, trans-

ferred via shuttle car to four bottom dump concrete buckets on cable-operated ferr>'.

Fig. 2. Driving pipe piles with a diesel

pile hammer. Pipe pile positioning and
driving frame was 16 ft. square by 16
ft. high and secm-ed to top of sheet pile

cofferdam by chains tightened with log-

gers' load binders.

After setting, the piles were dri\en

to grade by a Delmag D-5 diesel pile

hammer. Since the original river bot-

tom was generally below pile cap

elevation and too soft to support any

load, the material within the coflFers

was replaced with granular fiU to a

depth of 10 ft. below the pile caps.

This insured against settlement of the

pile cap forms and concrete.

The pipe pile positioning and driv-

ing frame, constructed of 12-in. square

and 10-in. square timbers. was 16 ft.

square by 16 ft. high and could be

lifted easily onto the top of a coffer-

dam by either of two floating rigs at

the site. Once in place, the frame

was secured to the sheet pile by chains

tightened with loggers' load binders.

The cross beams for supporting the

individual pipe pile during driving

were similarh- installed. 18-in.-dia-

meter pipe pile, in lengths up to 85
ft., were slung above the centre point

and lowered into position through the

frame by a floating Lima crane with

a 100-ft. boom. The piles were

dri\en to rock hy a Delmag D-12
diesel pile hammer operating in swing-

ing leads.

After the pipe piles were driven, the

dri\ing frame was remo\ed and the

material inside the piles was cleaned

out to rock b\ compressed air. The
air was suppliod froni two connected

150-cubic-ft. air receivers fed by an

IngersoU-Rand 600 compressor. An
SO-ft. long, 4-in.-diameter "blow pipe",

connected to the air receivers through
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100 feet of air hose and a 4-in., quick-

opening gate valve was inserted

into the material within the pipe pile.

When the pressure in the receivers

built up to 110 pounds per square

in., the valve was opened and the re-

sulting quick release of a large volume
of compressed air forced the material

up out of the pile. When pressure

dropped to 35 pounds per square in.,

the valve was closed and the whole
operation was repeated.

On an average, cleaning out an in-

dividual pile took less than an hour
with this method. Clay, silt and sandy
gravei were forced out easily, but a

little more difficulty was encountered
with the large chunks of stone just

above bed rock, many as large as

1 ft. long and 4 in. in diameter.

Special safety precautions had to be
taken to protect men and equipment,

for some of these stones were hurled

as high as 80 ft. into the air.

Great care was taken to insure a

clean bottom well founded in rock

for these pipe piles. Tremie concrete

plugs were then placed in the piles

and driven to their required penetra-

tion by the D- 12 hammer, acting

through a mandrel from the top of

the pipe pile. This mandrel was a

10-in. bearing pile with a 17-in.-dia-

meter by 24-in. driving head at the

bottom. The 10-in. pile was supported
laterally from the pipe pile by means
of 17-in-diameter plates welded to the

flanges of the mandrel at 20-ft. inter-

vals. With the plugs in place, the

piles were dewatered by a No. 35
Ingersoll-Rand air pump, which was
lowered into the pipe as the water
receded. Finally, the piles were filled

with concrete.

Next step was to place the coífer-

dam bracing rings and dewater the

coífers. Eadh ring consisted of four

layers of 2-in. wood, out into 4-ft.

segments and laminated to form a

circular frame 4 in. smaller in dia-

meter than the inside diameter of the

coffers. The rings were wedged into

place with timber wedges and the

coffers were dewatered with a 6-in.

pump. The pipe piles were then cut

to grade and the granular material

levelled at the proper elevation to re-

ceive the cap forms.

These circular wooden forms were

constructed of horizontal wales of

laminated 2-in. segments cut to proper

radius, vertical 2-in. x 8-in. planking

at lO-Vz in. centres, and y4-in. ply-

wood lining. A hinge was built into

one side of each form with a lock

rod diametrically opposite at the strut

location. Here the fonn was extended

12 in. in the shape of the strut to form

a projection which would facilitate

waterproof sealing of the strut form.

To guard against settlement, the cap

forms were supported both by the

granular fíll and by two beams span-

ning the top of the cofferdams. Two
cap forms were fabricated for the job,

so that each form was used eight

times. After removal of the cap forms,

the sheet pile was pulled by an air-

Fig. 4. "Blowing out" pipe pile after driving. An 80-

foot-long "blovv pipe" connected by hose to air re-

ceivers was inserted into th^e material inside the pipe
pile. When pressure in the receivers built up to 110
pounds per square inch, gate valve was opened and
sudden release of compressed air hurled rock and other
material up to 80 ft. into thr air. Cleaning pile to rock
took about an hour.
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tion from freezing temperatures.



Fig. 6. Overall view of Vemon Narrows Bridge just beforc completion of piers.

operated pile extractor.

The double skiii strut form was
placed iii halves, then pulled together
and sealed h\- tightening the cables.

Hiihher strips built into the forni

sealed against the eonerete projections

of the pile eaps. A tongue and groove
arrangeinent of the two segments
forced together made the bottom seal.

Placing of the reinforcing steel and
eonerete followed dewatering of the

forni.

Coiistiuction Equipment Used

Two floating rig,s were used on this

contract — a stardard type C-10
Whirler w ith a 65-ft. boom and a 20-

ft. jib, and a 703SC Lima wíth a

lOO-ft. boom. Each erane was fastened
to the deck of a 50-ft. square barge
through two 36-in. WF beams. Each
barge was constructed of 63 hollow
Steel cubes that had been shipped to

the job in strings of nine and as-

sembled at the site. These cubes
measured 5 ft. x 7 ft. x 5 ft. A simi-

larly constructed barge, which was
30 ft. long X 30 ft. wide, was used for

material handling.

Pile driving was accomplished by
two Delmag diesel pile hammers, a

D-5 and a D-12, and a McKiernan
Terry E-4 extractor pulled the sheet

pile. The cofíerdams were dewatered
by a 6-in. C.M.C, diesel-driven pump
and kept dry by several quarter-horse-

power electric sump pumps. Two
Ingersoll-Rand 600 C.F.M. rotary

compressors provided the air needed
for pile extraction, eonerete plant

operation, blowing pipe piles and,

in the winter months, elimination of

ice in the working area.

Concrete was mixed in a one-cubic-
yard Smith mixer after the material

was weighed in a 50-ton-an-hour Blaw
Knox batcher. The mixed concrete
was transferred via shuttle car to four

Johnson-Dravo bottom dump concrete
buckets on a cable-operated ferry,

which operated between the shore
and the various píer locations.

During the winter the work area
was kept relatively free of ice by
forcing compressed air through small

holes in a I-V2 in. plastíc hose laid on
the bottom of the Narrows. The bub-
bles forced the warmer, denser water
from the bottom to the surface where
the combination of agitation and in-

creased temperature prevented ice

from forming.

Pipe Pile Tests

The specification calling for testing

of two pipe piles with 400-ton loads

represented twice the design load of

200 tons per pile. After 24 hours of

load application, if the net deflection

of a pile was less than V2 in., the pile

was to be considered safe.

Before pile driving was started, the

resident engineer indicated the pipe

piles to be tested. Installation of the

cofferdams and pipe piles was then

carried out as previously outlined, ex-

cept that longer sheet piles were used

for the coffers.

After the pipe piles were filled with

concrete, granular fíll was placed to

a levei of 1 ft. above water, inside

the cofferdam containing the test pile

and to 9-V2 ft. above water in the

partner coffer. Two 33-inch WF
beams tied together as a unit, and a

500-ton hydraulic jack were then set

inside the test cofíer. Next a 2-ft.

thick concrete slab, reinforced top and
bottom with No. 9 bars at 6-in.

centres, was poured 8-V2 ft. above the

fill. It was held in place by clip angles

welded to the sheet piling at the le\ el

of the bottom reinforcing mat. Bolts

were embedded in the bottom of the

slab to support the 33-in. beams.

An additional sheet pile cell \\"as

then placed on top of the cofferdam

and held in position by bolted con-

nections located at every sixth sheet.

After removal of the falsework and
support form for the 2-ft. slab. the

beams and jack were set in position,

and 450 tons of fill were loaded into

the upper cell by clam-shell bucket.

Before the test loading began, a 70-

ton jack was placed between the test

coffer and the partner coffer to resist

the horizontal component of the 500-

ton jack reaction. The 70-ton jack

acted between the 2-ft. slab in the test

coffer and a 1-ft. slab of plain con-

crete poured on top of the granular

fíll in the adjacent coffer.

As the 500-ton jack was operated.

the test load was transmitted to the

pile. This was done in 50-ton in-

crements at one hour intervals until

the fuU 400-ton load had been ap-

plied. An extensometer, calibrated in

thousandths of inches was used to take

settlement readings before and after

each load increnient. The maximum
load was kept on the pile for 24
hours, with deflections recorded every

hour. At the end of this time, the

load was remo\'ed in 50-ton decre-

ments over a 15-minute period, with

rebound readings taken after each

decrement.

Under the 400-ton load. the Uvo
piles settled an average of .70 of an

inch. After 24 hours of full load. the

figure v\'as .75 of an inch. But when
the load was removed, the reading

was .15 of an inch. Thus the net

settlement was onl\' .15 of an inch,

compared to the allowable settlement

of .50 of an inch.

After completion of the test. the

top cell and slab were dismantled and
the beams. jack and granular fill re-

moved. so that construction of the

pile cap could be completed.

Erection of the Vernon Narrows Bridge
was carried out under the supervision of
the Ontário Department of Highwa>-s,
Consultant for design of the bridge was
T. O. Lazarides. Lount & Partner of
Toronto. J. E. Boyer was superintendent
for Dravo of Canada Limited.

76 THE ENGINEERING JOURNAL—JUNE. 19S9



THE DEVELOPMENT OF

AN ELECTRONIC

OF

DETECTOR

FLAWS IN PAPER

M. P. MacMartin

N. L. Kusters

National Research Council, Ottawa, Ont.

IN A PAPER mill, great care is

taken to make sure that the finish-

ed product is of as high quality as

possible. In spite of ali the precau-

tions, defects do occur, such as diit

or holes in the paper. If the paper is

to be used for such things as adver-

tising folders, photographic sheets, or

good quality books these defects can-

not be tolerated, and must be remov-

ed. The present method of doing this

ís to sort every sheet of paper by
hand. The process is slow and tedi-

ous, and consequently is expensive

when one considers that the output

of a company is measured in tons of

paper. Furthermore, the girls who do
the sorting can let factors such as

fatigue or boredom influence their

work.

An automatic flavv detector, vvhich

could pick out the defective paper

with a fair degree of reliability, but

faster and more economically than it

can be done by hand, would be an

advantage to the paper industry. The
requirements of such a flavv detector

are that it should be suitable for in-

stalling on an existing paper process-

ing machine in a paper mill, and must

operate at the speed at which the

paper is going through the machine.

On a typical fine-paper cutter this

speed is of the order of 300 feet per

minute. The flaw detector must be

able to pick out the worst flaws reli-

ably, and should be able to detect as

many as possible of the less serious

defects. It must operate more eco-

nomically than the present system.

TYPES OF FLAWS
There are many different types of

flaws which may be found in fine

paper. Some of the defects may seem
insignificant, but they spoil the ap-

pearance of good paper, particularly

if there are many of them. Others

may be rare, but should be watched

for continually since they might

cause trouble in printing operations.

A few tvpical flaws are shown in

Fig. 1.

Wrinkles

In spite of care in the manufactur-

ing process, the finished paper may
not be smooth, but may have obvi-

ous wrinkles, or just little Svaves'

perhaps one-half inch apart.

Creases

One step in the treatment of paper

in a mill is to put it through a calen-

dar stack. Here the paper passes be-

tween smooth heavy rolls where it is

subjected to a high pressure of severa!

tons per square inch which gives it

a smooth finish. If the paper runs into

the calendar stack a little crooked,

or if paper which has some wrinkles

goes through, there is a good chance

that some of it will fold o\'er very

slightly, and be pressed together. The
result is that three la\'ers of paper

are passing through where one la>"er

is barely able to go. The ver>- high

pressure breaks down the fibres of

the paper and weakens the paper at

this point. This is what is known in

the trade as a. crease. The paper may
actually break and the crease then

becomes a cut. The paper is much
more liable to tear at this point, and
may cause damage when it is going

through a printing press.

Some creases are quite long, per-

Companies which manufacture and sell high quahty paper, such as bond paper or

book paper, must be very careful that defects such as small dirt spots or shiny marks

in the paper do not reach the customer. At present the paper is checked by visual

inspection one sheet at a time. A considerable number of measurements have been

made to determine what characteristics of paper at a flaw are different from tliose

of good paper, in order to determine which characteristic is most suitable to be

used by an automatic detector to give a fairly reliable indication of the presence of

the flaw. The method of detection should be suitable for checking paper travelling

at several hundred feet per minute without marking or damaging the paper. On the

basis of these tests an electronic flaw detector has been built.

The electronic flaw detector measures variations in the amount of light reflected

from the paper, by means of photomultipiiers. Lenses focus the light reflected from

a small area of the paper up into the photomultipiiers. Rotating mirrors in the path

of the light beam swing the beam so that the spot being looked at traveis across the

paper. The size and shape of the spot is defined by an aperture in the optical

system. Variations in the light reflected from the paper produce electrical pulses

from the photomultipiiers, which are used to actuate the sorting mechanism. Mercury

vapour lamps illuminate the paper where it is scanned. The present model can check

paper at up to 300 feet per minute, but could be modified to operate at a higher

speed if necessary.
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haps soNoral feot. These iisually ex-

tend aloiig the direetion of travei of

tlie paper in the paper machine. Short

creases, up to several inches long,

nia\ be at ahnost any angle, though

usualK- not more than about 45° from

tlie directioii of paper travei. Since

the paper has heen folded slightly, it

nia\- he tliieker at a crease than else-

\\here, and a buinp may be felt by
sliding the hand across it.

Calendar Stamps

If a sniall piece of paper sticks to

the calendar roll, it will leave its mark
on the paper which is going through

the roll, once every revolution. At
the mark the paper is thinner and
usually shinier than the rest of the

paper. This defect is particularly

annoying because it repeats at regu-

lar intervals along the web of the

paper.

Dirt

In spite of great care in handling,

it is possible for dirt to get on the

paper. It may come on the paper

after it has been made, or it may
have been in the pulp. It is frequent-

ly in the form of small black or brown
spots, which are quite noticeable on
white paper. Even very small spots

are bothersome if they come in

groups, several spots on one sheet.

Dirt is usually more opaque than

good paper, and sometimes is thicker

than the paper.

Colour Slreaks

These defects apply to coloured

paper, and occur if the dye has not

mixed properly. The light reflection

and light transmission characteristics

of these are different from those of

good paper, and are usually similar

to those of dirt.

Holes

There may be holes in the paper

perhaps an inch across, called slime

holes, where the pulp was just a

mixture of slime without the fibres

necessary for strength. There may
also be small holes, caused for

example when a small piece of foreign

material has come loose and fallen

out of the paper. If, as is usual, the

background is not the same colour as

the paper, holes look like dirt.

Torn Edge

If the end of a roll of paper has

been damaged, a piece at the edge

may tear off when the roll is un-

wound.

Pasters

If the web of paper breaks or has

Defects

Wrinkles
Creases and Cuts
Calendar Stamps
Dirt
Colour Streaks . .

Holes
Torn Edges
Pasters

Table I

Translucence Reflectivity Thickness Strength Smoothness

been cut for some reason during the

continuous processing then it is neces-

sary to splice it, and this is done with

a strip of sticky red paper. The web
of paper is kept continuous, but the

splice should be taken out before the

paper goes to the customer. From
the point of view of sorting paper,

splices, or "pasters" as they are called,

could be considered to be flaws. They
are made red intentionally so that

they are easily visible on white paper.

A brief resumé of the above infor-

mation is given in Table I. Some
characteristics which may differenti-

ate these flaws from good paper are

indicated.

STATIC MEASUREMENT OF FLAWS
Table I shows some of the char-

acteristics of flaws which may make
detectable differences between them
and good paper. The problem is to

make a working model of a paper
sorter which will operate while the

paper is travelling at the normal
speed, several hundred feet per min-

ute, and will use some characteristic

difference to detect the flaws. Initial

tests, to deteraiine what measurement
on the paper will give the most reli-

able indication of the presence of

serious flaws, are more easiK' done
statically, using fairly small sheets of

paper with typical flaws, so this pro-

cedure was followed.

An important consideration is that

the method of measurement must not

damage the paper. For example, some
methods of measurement which were
quite effective for detection of small

cuts were not suitable to use because

the paper was marked. Other factors

to bear in mind are that the measure-
ment must be done at a paper speed

of several hundred feet per minute,

on a machine with considerable vibra-

tion and without interfering with the

normal operation of the machine. A
device to make one type of measure-

ment whicli would detect as many
defects as possible would be much
more useful than a device which
would detect only one. The results

of measurements of flaw characteris-

tics noted in Table I, and also elec-

trical characteristics, are outlined

below.

Translucence Measurements

A light was placed above the paper.

and a phototube was placed below,

with an aperture between so that the

light shone through only a small area

of the paper. By sliding the piper

around over the aperture and measur-
ing the phototube current, the normal
variations of paper density (or trans-

lucence) were measured. The defect

was then placed over the aperture

and the densit\- compared with tne

normal paper density. The light trans-

mission through good paper is not at

ali uniform. and in the paper tested

the variation for each specimen was
between 8 and 23 per cent of the

average. The signals obtained from
flaws were of the same order of mag-
nitude, so it was difficult to distin-

guish between variations due to flaws

and those which are nonnal in good
paper.

Light filters were inserted between
the light and the paper to see if

there was any improvement. Some
flaws could be detected slightl\- bet-

ter, but others could not be detected

quite as well, so the extra complica-

tion did not seem justified.

Reflectivit>' Measurements

Intuitively, one would expect that

this would be the most reliable meth-

od of detecting flaws, since in most
cases it is the xisibility of a flaw

which is objectionable.

The most sensitive setup is that

which gives specular reflection, i.e.

the paper acts as a mirror and re-

flects the light beam dii-ectl\ into the

pliototubes. A number of sheets of

paper with five different t\pes of

flaws were checked. The results are

shown in Table II, for two different

positions of the light. In the first

arrangement the light beam and the

pickup beam were both at 45"' from

the normal, and in the same plane, so

that the reflection was specular. The
results are given in the second column
of Table II. Then the light was mov-
ed to directh- above, so the reflection

was diffu.se. The results are given in

the third column of Table II. The
figines gi\en are the amount that the

reflection at tho defect differs from
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that of good paper, as a percentage

of the value for good paper. The
normal variations over good paper

were two to four per cent of the

average value.

Defects

Table II

Optical Setup

Paper Paper

Wrinkles 13% 5%
Creases 24% 2%
Calendar Stamps 23% 11%
Dirt 45% 33%
Oil 35% 35%

It can be seen from the table that

for most defects the system is more
sensitive when the reflection is specu-

lar. It is easy to have specular reflec-

tion in a static setup, but more diffi-

cult if there is motion in the optical

system. If a beam of Hght is swept
along the surface of the paper it is

important that the reflection should

be either specular or diffuse, but not

changeable. If the beam passes

through a position of specular reflec-

tion, the sensitivity to defects rises,

and also, in general, the total quantity

of light reflected.i The resultant

surge from the photo-electric pickup

is very undesirable.

The angle at which the light strikes

the paper has some influence on flaw

detection. If the light shines directly

down on the paper, the brightness

per unit area is greatest for a given

source power, and the phototube cur-

rent is highest, which is an advantage,

as will be explained later. If the light

strikes the paper from a source near

the paper levei i.e. if it grazes the

paper, it will throw shadows, and this

is particularly advantageous for de-

tecting creases and wrinkles. This is

partly responsible for the large signal

from wrinkles and creases, as shown
in Table II, when using a light beam
at an angle rather than straight down.
The size of the area on the paper

which is being examined has an im-

portant effect on the sensitivity. If

the human eye is looking at a large

area, the brain can focus attention on

a small spot, but a phototube looks

at ali its field of view uniformly. If

it is necessary to focus attention on
some small spot, the field of view

must be restricted. The signal from a

small flaw could be expressed as

E = R.S. where

E is the signal from the defect, and
is the difference between the

output at the defect and the

output away from the defect;

R is the ratio of light reflected per

unit area from a defect and

from good paper;

S is the ratio of the size of the

defect (within the boundary of

the photo.sensitive area seen by

the phototube) and the size of

the photosensitive area.

fí is a constant for any given flaw,

hence, for a maximum E, S should

be as large as possible. For large de-

fects S = 1 and for small defects

S should be kept as close to 1 as

possible. However, as will be seen

later, in order to examine the whole

of a sheet of paper, a large photo-

sensitive area is advantageous. A
reasonable compromise spot size is

1/64 square inch.

The value of fí for any defect is

rarely greater than one, that is, few
defects reflect more light per unit

area than does good paper. This ap-

plies particularly to coated paper

which is usually fairly shiny. Hence
a detector which could measure only

reductions in the average reflected

light would be satisfactory.

A test was made to compare trans-

mitted light and reflected light for

the detection of typical flaws in sev-

eral sheets of paper. The signals in

both cases were about the same,

averaging about 12% beyond the nor-

mal levei. However, the average

variation in light reflected from good
paper was 1.5% of the average levei,

while the average variation in light

Fíg. 1. Typical Paper Flaws Fig. 2. Petascope System

Phototube

SLME SPOT CALENDAR STAMP

OIRT SPOT CREASE
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Table III

Type of Defect Measured Characieriatics

ElectTÍcal

Translucence Reflectivity Thickness Strenffth Smoothness Qualities

Wrinkles No Very Poor No No Fair No
Creases and Cuts. . Very Poor Poor Poor Poor Fair No
Calendar Stamps. . No Good Very Poor No Very Poor No
Dirt Poor Good Poor No No No
Colour Streaks. . . . Poor Good No No No No
Holes Good Good Good No Fair Good
Torn Edges Good Good Good No Fair Good
Pasters Good Good Good No Good No

tiansniitted througli good paper was
ll''<, tho saiiu- ordcr of magnitude as

the signals. TluM-efoie liglit reflected

froin tlie paper is much better than

liglu tiansniitted through the paper

for detecting small flavvs.

The measurement of the Hght re-

floeted froni paper is the best method
which has been fonnd for detecting

dirt or otlier defects where the value

of R is significantly different from

one. These inchide colour streaks and
pasters, and also holes and torn edges

if the background is different from
paper, which is easy to ensure. Cal-

endar stamps can be detected fairly

well by this method. Stamps on un-

coated paper are one of the defects

where fí is often greater than one.

Unfortunately, small wrinkles and
creases cannot be detected by reflect-

ed light, and other methods were
tried to record these particular de-

fects.

Thickness Measurements

At a crease or cut, the paper is

folded over and rolled together be-

tween the calendar rolls, so there may
actually be three layers of paper at

this point. If the creases are large,

the thickness is greater than that of

good paper, and they could probably

be detected by a thickness gauge, but

they can also be detected by other

methods, e.g. by reflected light, just

as easily. If the creases are small,

there is usually some increase in

thickness, but it may not be large.

For example, paper which was 0.0045

inch thick was 0.0053 inch thick at a

small crease. The thickness of the

paper frequently is greater where
some dirt has become embedded in

the paper. For example, an easily

visible piece of dirt may increase

the paper thickness from .00325 in.

to .00375 in. or even .0040 in. It is

possible to build a thickness gauge

which will detect this difference on

a web of paper perhaps 60 in. wide
running at 300 ft. per minute. How-
ever it is not easy and the precau-

tions which are necessary to prevent

the vibrations of the machine from

actuating the detector are consider-

able. In addition, the machine oper-

ator must be able to thread the

leading edge of the paper through

the machine. Also some serious de-

fects do not produce any significant

change in paper thickness.

Measurement of Paper Strength

It seemed reasonable to try to use

the characteristic weakness of the

creases to locate them.

Applying tension from the edges

across the paper is effective if the

creases are near the edge, which they

frequently are. It also tends to de-

tect the long creases which mn along

the length of the paper, as they are

stressed in their weakest direction. If

there is enough tension to break most

of the creases, even good paper is

stretched slightly and this is not per-

mitted.

A standard machine in a paper mill

quality-control laboratory is a Mullin

Tester. The paper under test is clamp-

ed in a ring with an inner diameter

of about 1-1/8 in. and pressure is

slowly applied to the circle of paper

in the centre. The pressure at which
the paper breaks is a measure of its

strength. This could be used to de-

tect a crease. For example, using one

type of paper, the good paper broke

at readings of 19 to 24-1 2, while at a

small crease, it broke at 8 to 13-1, 2.

Hence, this is a good indicator. but

unfortunately the paper is damaged
at a reading of 12 or even less.

Applying pressure by a rubber dia-

phragm and oil pressure, or by direct

positive or negative air pressures or

by a 1/2 in. bali on the paper, gave

substantially the same results, but ali

these methods had to be rejected

because they marked the paper.

Measurement of Smootliness

by a Crystal Pickup

An ordinary record pla>er cr\'stal

pickup was used with a 2-3/4 in. darn-

ing needle as the stylus. The crystal

was placed on its side with the side

of the needle near the point resting

on the paper. As the paper slid past,

a slight bump could be felt at a

crease or cut, and this produced a

very good signal from the crystal. On
a test setup, using a piece of paper

on a drum about 10 in. in diameter,

this worked very well, and would
pick out small creases and \et not

mark the paper. However, anyone

who tries to make a Hi-Fi set out of

a paper machine will find that he is

in trouble. The "rumble" and "wow"
of the full size "turntable" is beyond

hope and this promising method had

to be given up. There are three other

disadvantages: the output is partially

dependent on paper speed which ma\

be anything from zero to full speed;

the crystals could not be placed closer

than about 3 4 in. apart, and a crease

along the length of the paper could

possibly slide bet\veen t\vo needles

unnoticed; and it is difficult for the

machine operator to thread the lead-

ing edge of the paper through with-

out damaging the crystals.

Measurement of Smoothness

by Vacuum Leakage

If paper is set on a smooth surface

which contains a small hole which is

connected to a vacuum system, the

paper will block the hole, except for

the air which may leak through be-

tween the paper and the surface. If

the paper is very smooth, the leakage

between the paper and the table

should be small; but if the paper has

a small ridge on it, such as might be

found at a crease, one would exf)ect

the leakage to be larger, and this

possible method of detection was
examined. On smooth paper there is

some correlation when measured sta-

ticall\\ For example, on good paper

the readings (in arbitrary units) were

from 22 to 28, and the readings at a

crease were from 28-1, 2 to 34. How-
ever using the paper which did not

have a smooth finish, the leakage at

ali times was fairly high, and the

change in leakage due to a crease was
only a small and unreliable amount
more.

Measurement of Smoothness

With Oblique Light

As mentioned previously the bump
at a crease throws a shadow if it is

illuminated from one side by a light

barely above the surface of the p;iper.

This is one of the better ways of

detecting creases, but there are cer-

tain disadvantages. Since the light

strikes the paper at a small angle, the

illumination per unit area on the

paper is low, e\en when using a

bright light, and the sensitivitv for

other defects is low. Consequently,

if light is to be used for detecting

creases, it is not very satisfactory for

detecting other types of flaws. Such

a method is also sensitive to strain

wrinkles which ma\ appear w hen the

paper is running o\er a roU. In spite
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of these defects, this method seems

more satisfactory than any other that

has been tried.

Measurement of Electrical

Characteristics

If paper is tested by placing it

between two electrodes, it is found

that the conductivity and the dielec-

tric strength of most flaws, except

holes, are substantially the same as of

good paper. Pieces of dirt sometimes

have higher or lovver values, but not

sufficiently dependably to use this

measurement as a method of detect-

ing them.

A patent was issued in 1943 for a

device which claims to detect flaws

by a measurement of the dielectric

constant.^ However it is very diffi-

cult to get a consistent indication of

dirt or any other flaws except holes

by such a measurement. The main

difficulty is that the measurement is

of the structure of the paper which

even for good paper is not at ali uni-

form, and the variations of the dielec-

tric constant over good paper are fre-

quently greater than at a flaw.

SYSTEMS FOR DETECTING FLAWS
IN MOVING PAPER

Before building a working model

of a paper flaw detector, it must be

decided which one of the above

methods of measurement should be

used. We now have more informa-

tion than was given in Table I, and

this is shown in Table III, which

gives the relative merits of different

measurements for detecting different

flaws.

Reflected light appears to be the

best for detecting the largest variety

of flaws. Measurements of paper

smoothness are best for detecting

creases and cuts and wrinkles, but

can detect little else. Since at least

the larger creases can be detected by
reflected light, this should be used.

An arrangement which gives specular

reflection has the highest sensitivity,

but because of the difficulty of main-

taining this during motion, it is bet-

ter to avoid it and use diffuse reflec-

tion. The photo-electric pickup may
look at a large area or a small area

of the paper. Both methods have been

tried and will be described.

Petascope System

In 1936 a photoelectric system

was described for detecting flaws in

paper in which the phototubes look

at a large area of the paper.-"* Some-
thing basically the same was built.

A sketch of this is shown in Fig. 2.

The paper was uniformly illuminated

over an area of inspection about 4 in.

X 4 in. About an inch above the paper

was a grid of opaque bars, 1/4 in.

across and 1/4 in. apart. About 6 in.

above this were two phototubes,

placed so that each could look at only

half of the lighted area, that which

was not hidden by the bars, and the

field of view of one phototube was

exactly that masked off from the other.

The bars were placed perpendicular to

the direction of travei of the paper.

Each time the paper moved forward

1/4 in. the defect would move from

the field of view of one phototube to

that of the other. If the light reflected

from the spot was less than that re-

flected from good paper, then the out-

put of each phototube went down
slightly as the spot carne into its field

of view. The difference between the

outputs of the two phototubes was a

wave whose fundamental frequency

was an easily calculated function of

the paper speed, and a narrow pass

band filter could filter out the desired

signals, assuming that the paper speed

was constant and known. The main

disadvantage is that the flaw which

should be detected is small com-

pared with the area that is being

viewed. For example, if a flaw is

about 1/16 in. across, the area of the

flaw is about 1 2.56 square inch, and

the area being viewed by the photo-

tube is about 1/2 X 4 X 4 = 8 square

inches. The ratio of áreas is over

2000:1, so that even if the viewed

area was reduced by a factor of 10

the ratio of áreas would still be 200:1.

The result of this is that a large area

with an insignificant change of re-

flection would give as great a signal

as a small mark with a serious change

of reflection. The unwanted signals

have the same frequency as the

wanted signals so that they cannot

easily be filtered out. The system was

most sensitive to spots which exactly

filled the space between the bars, and

was less sensitive to any other size

or shape of spot. Another system

showed considerably more promise,

so the investigation of this system

was dropped.

Scanning

The best results on the static tests

for small defects in the paper were

obtained using a phototube, which

was focused on a small spot on the

paper not much larger than the small-

est defect, and which measured the

light reflected from the paper. Since

a random check is not good enough,

i.e. it is necessary to examine ali the

paper, a multitude of photosensitive

spots covering the whole width of

the paper, or else some method of

moving the photosensitive spot across

the paper, must be used. If a multi-

tude of áreas are examined simul-

taneously the bandwidth of the asso-

ciated electronic equipment is small,

but a multitude of phototubes and

amplifiers are required. If one spot is

Fig. 3. Equipment for Circular Scanning

BEAM TO /
PHOTOMULTIPLIEB, /
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/
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LENSES AND MIRRORS
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iiu)\t'cl across tlie paper, one set of

ainplitieis is enougli, but the band-

width miist be greater, the signal-to-

noise factor will be decreased, and
the probleni vvill involve signal dis-

criniiiiation froni the noise. This last

inethod seemed pieteiable and is the

metliod iised in the final model.

Once it has been decided that the

papcr \\ ill ali be covei ed by scanning

witli one small photosensitive spot,

there are several variables which must
be fixed, bnt which are mutually

dependent, and dependent also on the

maxininin paper speed and width,

These variables are: nuniber of scan-

ning units, size and shape of the

scanning spot, duty ratio of the photo-

electric units, and scanning speed.

The compromise between these fac-

tors which can be arrived at deter-

mines the particular optical and elec-

trical setup used. If it is assumed that

the inaximum probable paper speed

is 300 ft./'min., or 5 ft./sec, this

gives some indication of the required

scanning speed.

Television Camera

One type of scanning which should

be considered is electronic scanning,

such as is used in a television camera.

In an Image Orthicon, a light image
falis on the photocathode and an
equivalent image of electrical charges

builds up on the target which is just

behind it. The information at any
point on the target is sampled by the

electron beam once each frame, i.e.,

once each 1/30 sec, and the charge

on the target is neutrahzed during

the time between scans. This is quite

acceptable for T.V. since there usually

is very little motion across the screen

in 1 30 sec. However, at 300 ft. per

min. a flaw 1/16 inch across moves
32 times its own width in 1/30 sec.

The flaw shows up as a blurred streak

instead of a spot, and the contrast

at any point is far short of what it

would have been statically. This

means that the signal-to-noise ratio

for the camera is about the same as

for a photomultiplier, and since they

cost considerably less, photomulti-

pliers and mechanical scanning are

preferable.

Circular Scanner

The circular scanner was con-

structed as shown in Fig. 3. The light

from an are lamp was focused by a

lens and mirror on a spot on the

paper. The same spot was focused

by two mirrors and lenses, through

an aperture, to a phototube. The tube

which held the mirrors and lenses

was mounted in bearings and rotated

by an electric motor around an axis

which was perpendicular to the paper,

below. The spot of light described a

circle on the paper and in the experi-

mental setup the circle was about 3

feet in diameter. There was a fixed

distance from the lenses to the object

on the paper, so the optical system

could always be exactly in focus. A
100-watt are lamp produced a bright

spot on the paper of sufficiently high

intensity. There were no complica-

tions due to shifting angles since the

angles between the paper, the light

beam and the pickup beams were ali

constant. The system proved to be

quite good for the detection of small

spots and other flaws in a test setup.

I

' BEAM TO PHOTOTUBE

Fig. 4. Scanning System—
Rotating Lenses

However, there were two serious de-

fects. The photosensitive spot was
about 1.

'4 in. long, and the rotational

speed was about 1800 r.p.m., so the

maximum paper speed was 1800 x

14 X 1/12 = 37-1 2 ft. min., which
is about 1/8 of the required speed.

Another and more serious defect is

the fact that the total area scanned

must be flat at ali times, without

strain wrinkles or flap. Anyone who
has vvatched paper running betw een

rolls in a paper mill, will realize

that this is ver\' difficult to obtain.

For these reasons the circular scan

method was dropped in favour of a

line scan.

Linear Scanner

A machine which scans the paper

along a straight line has the great

advantage that the paper can be

scanned w here it is pulled tight o\ er

a machine roll. This should interfere

very little \\'ith the normal operation

of the paper processing machine. It

is difficult to get a uniform illumina-

tion on the paper across its full \\ idth.

but in spite of this. the linear scanner

is the best of the methods tried. The
model of the paper scanner which has

been built uses a linear scan, and a

description of this is gi\ en below.

DESCRIPTION OF THE DETECTOR
Scanning System

Two possible methods of moxing
the scanning spot across the paper.

i.e. swinging the beam of light from

the scanning spot on the paper to

the phototube. seemed feasible. One
method is to rotate the whole optical

beam.* A number of lenses can be

mounted on the peripher\ of a light

tight drum. wliich is driven b\ a

motor. A phototube can be mounted
inside the drum, but not attached

to it, as shown in Fig. 4. As the dnnn
rotates, each lens in turn sweeps the

beam across the paper. This appears

to be satisfactor\ if thero is one photo-

tube. but there are certain advantages

Fig. 5. Scanning System— Rotating Mirrors
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Fig. 6. Paper Flaw Detector— Block Diagram of Circuits

to be gained from using tvvo photo-

tubes, as will be explained later. In

this case it is better to bend the light

beam with mirrors. A number of mir-

rors on the periphery of a drum are

placed in the beam path as shown
in Fig. 5. As the drum rotates the

mirrors swing the light beam across

the paper. The drum has 8 mirrors

rotating at 1800 r.p.m., to give 240
scans per second.

Illuinination

The paper must be uniformly ilki-

minated at the scanning spot ali the

time. There should be no variations

due to changes of the spot position,

or due to fluctuations of the light

intensity. One method is to follow

the scanning spot with a light spot

from a d.c. are light. In order to

avoid variations due to changes in

light beam angle at the paper when
using a linear scan, it is easier to use

fixed lights and illuminate the whole
path along the paper. Using a row
of reflector spot lights, it is not pos-

sible to get the output uniform

enough, and the output shows a bump
at every light. Fluorescent lights are

efficient, but too low in intensity.

Two 3000-watt mercury vapour
lamps are the most suitable. In order

to get a light which does not vary

with time, the lamps should be run

from a d.c. supply, but they will not

operate this way. They are run from
a two-phase 60 cycle supply. This

gives 240 peaks of light per second,

one for every scan. In this way, with

the same number of scans as light

peaks, there is very little 120 cycle

ripple in the output of the phototubes.

The 3000-watt lamps are suitable

for getting a light which is uniform

across the paper. The are is 48 inches

long. Plane mirrors perpendicular to

the ends of the lights produce the

effect of having a light source of

infinite length, so the light on the

paper is very uniform for about 52
inches. This is the maximum width
that can be handled by one scanner.

The lamps are placed about 18 inches

above the paper, and elliptical trough

reflectors reflect the light down to

a line on the paper. Considerable heat

as well as hght is reflected down,
and a mechanical baffle must be used
to keep the heat off the paper when
it is stopped. A disadvantage of the

lights is that the light output is a

function of both hne voltage and
lamp temperature, and electronic

compensation must be made for any
variations due to these factors.

Optical System

The optical system is shown in

Fig. 5. Two lenses focus an area of

the paper through an aperture to the

photomultiplier. The aperture, which
is directly in front of the photomulti-

plier, defines the size and shape of

the scanning spot on the paper. In

the discussion of a suitable size of

the scanning spot, 1/64 sq. inch was
said to be reasonable, and a spot

1/4 in. X 1/16 in. has been used. The
narrow dimension should be about the

same as the diameter of the smallest

defect likelv to be met, about 1 ^16 in.

The long dimension of the spot, 1/4
in., depends on the maximum paper

speed and the scanning speed. With
240 scans per second and a maximum
paper speed of 300 feet per minute,

each scan must cover 1/4 in., which is

the required length of the scanning

spot.

In order to discriminate between

the signals and noise, an electrical

coincidence is used, which requires

two signals, exactly in phase, from

two photomultipliers. If one optical

beam is divided by a mirror which

reflects 50% of the light into one

photomultiplier and transmits 50%

of the hght into the other, the signals

from both photomultipliers are ex-

actly in phase, but each tube gets

only 50% of the available light. If

two separate beams are used, one

must be slightly ahead of the other

and an electrical delay must be used

to bring the leading signals back into

phase. However, each photomulti-

plier gets ali the available hght. This

system seems preferable, and is being

used.

Photomultipliers

Photomultipliers are used to con-

vert energy from the light beam into

electrical signals. Photo-transistors

and solar cells are not suitable be-

cause they are sensitive to red and

infra-red light, and they can not see

many common defects which are not

the right colour. Selenium cells re-

spond too slowly to be useful.

As has been mentioned, one of the

problems is to detect signals in noise.

Most of the noise is produced in the

photomultipliers, and it is important

to keep this as low as possible. The
conditions for low noise are a photo-

cathode current as large as can be

managed without saturating the out-

put stages. To get the maximum
photocathode current, tubes with

high photocathode sensitivity are

picked. Also the light intensity at

the photocathode is made as high

as possible. In order to get a reason-

able depth of field in the optical

system the aperture must be as small

as possible, and this is another reason

for high light intensity. The light

requirements also are responsible for

choosing two beams of light to the

phototubes, and an electrical delay on

one line, rather than splitting one

beam between both tubes.

The second requirement of photo-

tube operation is that the output stage

must not be saturated. Tubes with

low gain are picked for this applica-

tion, and the supply voltage is kept

as low as possible.

Electrical Circuits

The signal from the photomulti-

pliers is about 80 volts during the

time that the scan is on the paper,

and nearly zero while it is off, but

biased diodes hold the anode voltage

near the 'on' value during the 'off

periods to reduce the large transient

signals at the paper edges. Two
photomultipliers are used. Each has

a pre-amplifier, an amplifier, and a

discriminator. The discriminator, a

conventional Schmitt circuit^ gives an

THE ENGINEERING JOURNAL—JUNE, 1959 83



output oul\' if tlio signal is above a

ceifaiu \alue. It passes pulse peaks
w liieh a II' due to flavvs in the paper

or ihu> to noise in the phototubes.

A 7-microsecond delay line in one
channel, after the disei iniinator, biings

the output of tlie leading tube back

in phase w itli tlie other. The outputs

of the two diseiiniinatois go to a

cointidenee circuit whieh passes a

pulse only if a pulse anives simul-

taneously from both ehannels. The
probability is that coincident pulses

are due to flavvs in the paper rather

than to random noise in the photo-

tubes.

The output of this coincidence

circuit contains pulses vvhich are

derived from the signals due to the

edges of the paper. These are re-

moved by a second coincidence cir-

cuit, or gate circuit, which requires

a blanking square wave to come on
just after the scan gets on the paper,

and drop off just before the scan

leaves. This square wave is produced
in an auxilíary circuit as follows. The
current in the photomultiplier sud-

denly changes as the scan comes on
the paper, and this generates a volt-

age pulse, which triggers the square

wave generator. This square wave
holds the "gate" open while the scan

is on the paper. The machine oper-

ator must adjust a calibrated dial,

so that the width of the square

wave matches that of the paper
being handled. A block diagram of

these circuits is shown in Fig. 6.

As has been noted before, the

mercury vapour lamps are sensitive

to variations of bulb temperature and
line voltage. The light intensity

changes approximately 3% for a 1%

change in line voltage. As variations

in the average output of the photo-

ninltipliers cannot be tolerated, the

xoltage at the dynodes of the photo-

multipliers is regulated by feedback

to keep the output of the photomulti-

pliers constant. Line voltage stabil-

izers improve the performance if vari-

ations of the supply voltage are large.

Final Model of the Detector

A flaw detector has been installed

in a fine-paper coating mill. The
scanner is set at the input to the

cutter, which cuts the rolls of paper

into sheets. The paper is scanned in

a continuous strip, as it goes over

a roll, but is sorted after it has been

cut into sheets. A memory device

remembers at which point on the roll

of paper a flavv has been detected,

and on what sheet the flaw is after

cutting. This is necessary so that the

sheets with defects can be removed
some time after they are cut. The
time delay is not constant, but de-

pends on machine speed and sheet

length.

The lights and their reflectors are

enclosed in a box, suspended above
the paper as it goes into the cutter,

and are shown in Fig. 7. The rotating

mirrors and the motor that drives

them, the lens system, photomulti-

pliers and preamplifiers are mounted
on the top of the box, on a frame-

work made of aluminum angle and
channel.

To the left of this scanning unit,

as shown in Fig. 7, is the control

box. This has switches for turning

the electronic equipment off or on.

diais for adjusting system paramet-

ers, and a recording meter which in-

dicates whether the machine has been
adjusted correctly or not. The bottom
right dial setting controls the bias of

the "Blanking Circuit Generator"

shown in Fig. 6, and detennines the

length of the square wave from it.

If this adjustment is correct, the

"Blanking Circuit Generator" will gen-

erate a sc]uare wave which rises just

after the scan has come on the paper

and falis just before the scan leaves

the paper. Signals from the photo-

multipliers can pass the gate or second

coincidence circuit, only while the

square wave is present, so signals

from the edges of the paper or beyond
are not permitted to reach the output

circuit. The two upper diais control

the levei of the input to the discri-

minators in each of the two ehannels.

These determine the sensitivity of

the flaw detector. The recording meter

indicates the number of pulses per

unit time which come from each

discriminator. which is an indication

of the sensitivit\- of each. In the

absence of an>' signals due to flaws

in the paper, it shows the number
of noise pulses which are able to

pass each discriminator per unit time.

Because there are two electronic

ehannels and only one recording

meter, the meter reads from each

channel for alternate two and a half

minute periods. The recording meter

indicates the setting of the discrimi-

nators, and can be used as an indi-

cator while setting the discriminator

levei. It is also a check on the drift

of the machine and keeps a record

of \\hether or not the operator is

adjusting it correcth'.

The control room contains the line

switch, ballasts for the two mercur\-

vapour lamps, transformers to provide

two phase power for the lamps from

the throe phase line, and a transformer

to pro\ ide 115 volts from 575 volts.

.\ cabinet contains two chassis which
liold the circuits, and the +300 volt

and the —1400 \-olt power supplies.

Performance of the Detector

The electronic detector of flaws

in paper \\ ill operate at paper speeds

up to about 300 feet per minute, and
w ill actuate a rela>' to sort the paper

into two piles. It has been designed

particularh' for first grade paper

which is normalh sorted hy hand. It

w ill pick out most of the spots, marks,

etc, which are serious flaws in this

grade of paper. For example. \\ho)i

Fig. 7. Paper Flaw Detector— Mill Installation — Scanning Unit
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the sensitivity was set quite low,

6588 sheets vveie sorted by the

machine and then resoited by hand.

The machine picked out 342 sheets

which contained defects. It missed 11

sheets which had defects wliich were
not serious and missed 1 sheet which
should have been removed.

It has certain limitations. It will

detect only the larger creases and not

the fine cuts. In order to be suie

that it will detect ali flaws, the setting

must be over-sensitive. For example,

in an order of paper with 3% defec-

tive sheets, the machine sorted out

10%. This means that the rejected

sheets should be sorted again to re-

claim the acceptable sheets. This is

not serious since it is far cheaper to

sort 10% of the paper than 100%,
and even with hand sorting this must
be done with double-size sheets to

reclaim the good half of the sheets.

Since it has been designed particularly

for first grade paper, it is not ideally

suited for sorting lower grades of

paper. It rejects sheets with dirt

marks, which may be acceptable for

this type of paper, and if an order

is particularly dirty the work of re-

claiming the rejects is greater.
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The followíng U.S. i^atents are of some

interest in this field:

2,730,922-A. D. Beard-Photoelectric
inspection with coincidence.

1,966,24.3-1934 Hanna - Light spot

scanning with rotating mirrors.

2,244,228-1941 Westmann-Looks for

slíme holes through paper.

2,395,482-Hudey - Photoelectric in-

spection with reflected light.

2,425,347-Schmitt-Testing of mica
by voltage breakdown.
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INSTRUMENTATION
IN INDUSTRY

IT WAS evident from lemarks con-

tained in the answers to the Jour-

naVs questionnaire that the concept of

instrumentation as applied to auto-

matic control and regulation of water-

works and sewage systems is in a

very early stage of development in ali

but the largest centres. One or two
respondants spoke of planned pro-

jects incorporating complete remote
supervision, closed loop television

supervision, automatic control of

chemical feeds, automatic control of

pressures and flow rates and a varietv

of automatic warning signals; but it

was generally conceded in most cases

that instrumentation involved the pro-

vision of fundamental parameters for

manual operation and the provision of

continuai records of operation for

operator's analysis.

The survey showed, however, that

those responsible for waterworks and
sewage in Canadian cities and towns

are keenly interested in the latest

developments in automation as ap-

plied to their field of activity. There
was a great deal of interest expressed

in automatic or semi-automatic con-

trol of pumps, filters, feeders and
diitribution systems through the use

of various special sensing devices.

It is interesting to note from the

literature on the subject that rapid

strides have been made in recent

years in the development of newer
and better sensing devices, or trans-

ducers, which are essential to con-

tinuous automatic control work. The
early experiments of Faraday, in

which he tried to measure the flow

of the Thames River by applying his

theory of electromagnetic induction

has been dusted off, and has resulted

in very accurate and very versatile

magnetic flow meters. In the trans-

ducer field, work is being done on a

promising device to determine con-

ductivity as it relates to coagulation

reaction. A sensing device which re-

lates fluoridation control to conduc-

tivity has also been developed, and
many others are in various stages of

investigation.

Those interested in the extension

of closed loop, self-correction control

systems realize that their success or

failure is closely related to their abil-

ity to develop and provide simple.

reliable sensing devices which can

provide the necessary error signals

for conventional and reliable servo-

mechanisms. Increasing emphasis is

being given to electronic control loops,

as they minimize the problem of

maintaining and replacement due to

mechanical wear. An important factor

in th is trend has been the work done
to improve reliability of electionic de-

vices.

While there was little direct com-
ment from those responding to the

questionnaire, it appeared that the

elaborate instrumentation used for

fluorine feed into water supplies has

functioned very satisfactorily in ali

cases, and the main comment seemed
to relate to its high capital cost.

In ali cases, emphasis was placed

on the need for extreme simplicity,

dmability and ease of operation for

ali instmments used in water and
sewage installations.

Power for Water and Sewage Plants

In most cases power requirements

for plant operation was purchased
from public utility power companies,

but in several cases, and particularly

in the smaller installations, some
source of stand-by power was avail-

able.

Approximately 20? of those re-

sponding checked consumption of

electrical power with their own in-

strumentation, and only four of those

responding maintain separate steam

plants for heating or power.

An interesting note with regard to

steam is the use of steam provided

as a by-product of sludge disposal

in those plants utilizing or planning

to utilize the atomized suspension

technique or the high-pressure Zim-

meiTuan process. In each of these

processes a wet combustion of the

organic material present results in use-

ful amounts of steam. The minimum
sohd content in the sludge must be
3-4? to support combustion, and the

solid content should be more in the

order of 6-8? to produce sufficient

heat for power use. At least one

plant has been built utilizing the

atomic suspension technique. and
some others are contemplating tr>ing

use of the Zimmemian process, which

uses lower temperatures, but much
higher pressures in its operation.

Uses of Instrumentation

As indicated in the introduction.

very few plants in Canada are using

fully automatic, self-regulated control

systems, and therefore instrumenta-

tion is largely a matter of displa\

and recording instruments. In those

cases where sei-vomechanism s> stems

are used, pnemnatic systems were in-

dicated in more instances than elec-

tronic systems.

The most used application of in-

struments is to provide a continu-

ous record of operations, folkwed by

regulation of pressure or flow.

achievement of better qualit>-, pro-

vision of central super\ ision and econ-

omization in the use of fuel. In a
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few cases instramentation was used

to effect a reduction in the labour

force, but this did not appear to be

a major factor in waterworks and sew-

age plants.

The problems associated with

watei-works and sewage plants almost

invariably are reduced to those in-

volving measurement of flow or pres-

sure, provision of supervisory warn-

ing signals, and provision of records

for analysis.

Who Determines Instrument

Requirements

Most respondants determine their

requirements through their own em-

ployees, but a considerable number
use the services of consultants. As

is usually the case, there is very often

a combination of two, and about

20% of the organizations which re-

plied, instrument requirements were
determined largely through the ser-

vices of firms supplying or manu-
facturing the instruments.

Specification of instruments is al-

most invariably handled by the water-

works engineer or his staff. The actual

purchasing is also done by the engi-

neering department in an ovei-whelm-

ing majority of cases, but in those

which did not handle purchases in

this way, there was a wide diver-

gance in procedures.

Servicing of Instruments

Servicing of instruments is usually

done by waterworks and sewage em-
ployees, or service is purchased as

required, with approximately an equal
number of respondants using each
system. Only in about 10% of the

cases reporting were service con-

tracts with suppliers or independent
companies used.

On the question of preventative

maintenance programs, approximately

one half have them, and one half do
do not. There was no noticeable dis-

tribution among the replies, both
large and small installations appeared
on each group.

Most of those replying keep a

stock of spare parts which has been
built up through their own experience
with various classes of instruments.

The next most popular system for

provision of spare parts was through
lists recommended by suppliers of

equipment, and this was coiisidered

to be very good, provided the sup-

plier took the "long view" and resisted

the temptation to increase contract

figures with unnecessary material.

Very few kept stocks of replace-

ment units, and only two reported

that they maintained no stock of

spare parts for their instruments.

Special Features of Instruments

Most of those reporting stated that

they were not interested in instru-

ments incorporating optional plug-in

features; only five respondants found

such instruments suitable for their

use. These represented larger installa-

tions, and probably are indicative of

the fact that closed loop electronic

control Systems are not in general use

at the smaller centre. The optional

plug-in feature was found to be use-

ful for maintenance, and for adapta-

bility when changes or improvements

are to be made.
In almost every case there was a

preference for standard commercial

lines of instruments, and in only a

few cases did respondants show an

interest in modifying standard lines to

adapt them to their specific use. None
of the respondants required instru-

ments built to their own specifications.

In this group of organizations, as

in almost ali of the previous groups

surveyed in this series, there was con-

siderable emphasis placed on the need

for simplicity and reliability. Re-

spondants referred many times to the

problems of h-aining and maintaining

adequate maintenance staffs, and of

the new orders of magnitude of

troubles, wheu they occur, in a plant

which is fully instrumented. Appar-

ently this is a factor which should be

given serious attention by instrument

designers; the users are willing to

sacrifíce a few orders of operational

effectiveness in the interests of sim-

plicity and reliability. They are afraid

of gadgets and of systems which are

hard to adjust, maintain or align.

The Financial Picture

Many organizations answering the

questionnaire did not indicate whether

they pmchased or leased their instru-

ments, but those that did indicated

that, as might be expected, the great

bulk of instrrnnentation is purchased

outright. Total capital investment in

instrumentation equipment ranged

from under $3000 to over $500,000.

Approxiínately one half of those re-

porting owned instrumentation in the

range from $5000 to $25,000.

Annual maintenance costs varied

widely among those reporting, from

$35 to $50,000. Approximately one

third of the respondants failed to

ansvver this question, but it is inter-

esting to note that the bulk of those

who did, reported annual mainten-

ance cost in the range from $500
to $5,000, and somewhere in the

centre of this range would probabh'

be the figure for a medium-sized
plant.

Total capital investment in instru-

mentation during the past five years

ran from $1,000 to $100,000. None
of the very large centres reported this

figure, and the $100,000 figure

seemed about average for a city of

40,000-60,000 population.

General Comments

The excellent response to the

questionnaire indicated a high levei

of interest in the subject of instru-

mentation in the water and sewage

field. Some engineers expressed con-

siderable dissatisfaction with the

current rate of progress towards

better instrumentation in many of the

plants, and there was an expressed

opinion which left the feeling that

there will be a great deal of advance-

ment in this field in coming years.

Specifically, in the field of water

purification and distribution there is

a great deal of interest in automatic

systems to monitor the content of

various organic and inorganic impuri-

ties, and to apply the correct degree

of the appropriate remedy to main-

tain the water within pre-determined

limits of purity. Automatic reversing

and cleaning of the various high cap-

acity filter systems now being devel-

oped, and automatic monitoring of

chlorine and other chemical additions

are only partly in hand, and there is

much more work to be done. In dis-

tribution systems, there is interest in

better automatic equipment to equal-

ize pressure and control booster

pumps, to provide warning and safety

signals for leaks and flooding, and to

control surges and fluctuations in

large systems.

Sewage engineers are interested in

better flow meters, pressure recorders,

temperature recorders, and levei re-

corders. They want automatically

controlled sludge and circulating

pumps, chlorine gas feeders, samplers,

anti-foaming devices and samples.

Althoiigh most of Canada has no

serious problem in water supply,

there is one notable exception in

southem Ontário where a lowering

water table and increasing demand
through increased industrialization

and population is causing some con-

cern. There is a good supply of fresh

water available, but extension systems

will be required to handle and dis-

tribute it, and there may be a day

not too far in the futiue when the

water table levei will be maintained

by a large percentage recovery of

properh' treated sewage. Ali of this

points to more comprehensive and
complicated water and sewage works.

and seems to point to a bright future

for advocates of advanced instrumen-

tation in this field of activity.
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ABSTRACTS

THE PERFORMANCE OF GALVANIZED

(1 0Z./FT.2)* AND ALUMINIZED (ARMCO
TYPE 1) STEEL SHEET IN VARIOUS
CANADIAN ATMOSPHERES

This note records the time to

rusting of 1 oz./ít? (10 % oz. in the

trade) hot dip galvanized steel sheet

and 0.040 in. Amnco Type 1 Aliiniin-

ized Steel sheet in the atmospheres

prevailing at six Canadian sites. The
work was part of a large scale atmos-

pheric conosion test program under-

taken by Aluminium Laboratories

Limited in 1945.1

Galvanized steel sheet can be pur-

chased with varying weights of zinc

coating and it has been shown that its

life depends abnost directly on the

thíckness of zinc. The bulk of such

galvanized steel sheeting sold in Can-
ada is made to A.S.T.M. specification

A 361-55T which includes provision

for a triple spot check of thickness to

a minimum of 0.90 oz./ítr and a

single spot test minimum of 0.80

oz/ft.2 determined on an area of 5.06

in.2. (ASTM A 90-53).

The material for testing was pur-

chased from a Canadian sheet metal
supply house in the form of flat sheet.

It was cut into 6 x 8-in. paneis for

exposure. The zinc coating weight
was determined by weight loss on
stripping in inhibited hydrochloric

acid and was found to be 1 oz. ft.-

(both sides). This corresponds to an
average thickness of zinc of 1 mil. per
sida. A number of metallographic

cross sections was examined under a

microscope to determine uniformity

of coating which was found to be in

the range of 0.7 to 1.5 mil. with an
average of 0.9 mil, in good agreement
with the value obtained by stripping.

To check further the uniformity of

*1 oz./ft.- (both sides) by actual measure-
ment.

coating a number of readings was
taken with a Drewitt thickness gauge,

which is equipped with a fine drill

that penetrates the soft coating and
stops on reaching the hard base

metal. A dial gauge indicates the

depth of travei (i.e. the thickness of

coating). Five readings were taken

on each side of six paneis. The aver-

age thickness found was 0.95 mil,

covering a range of 0.4-1.4 mil,

which is in reasonable agreement
with the results of other methods.

To prevent rusting of the bare steel

at the sheared edges of the test speci-

mens a quarter inch band of paint

was applied by dipping. This includ-

ed one coat of zinc chromate wash
primer and two coats of aluminum-
pigmented vinyl lacquer. This com-
pletely prevented edge nisting in ali

cases.

Five such paneis were exposed at

six Canadian test sites, ali exposures

being made over a period of about

one year (December 1948 to Febm-
ary 1950). The specimens were held

in porcelain insulators and faced

south at an angle of 30° to the hori-

zontal.

Single paneis were removed from

each site after varying exposure per-

iods so that the progress of break-

down of the zinc coating could be
followed. The main consideration was
to ascertain as closely as possible the

time period at which definite rust

patches appeared, indicating loss of

coating protection in these áreas. The
removal dates varied considerably

from site to site for this reason, de-

pending on the conosivity of each

location.

Shortly after these e.xposures were

made, hot dip aluminized steel be-

came available commercialK- and it

was of obvious interest to compare
the relative performance of the two
coatings. A supply of Type 1 alumin-

ized steel. produced b>' American

Rolling Mills Company (Armco), was
obtained, and sets of pffiiels similar

to those described for the galvanized

sheet were exposed at the same six

locations. This particular product is

specified as having a 1 mil coating

of an Al-Si alloy. The actual coating

weight was determined hy weight loss

after sh-ipping a panei in 10^ XaOH
and was found to be approximateU

0.5 oz/ft.- (both sides) which corre-

sponds to an average thickness of 1

mil per side. Readings were also

made by the Drcicitt thickness gauge

on five paneis, the a\erage thickness

found over 10 measurements on each

being 0.9 mil, ranging from 0.7 to 1.0

mil indicating a quite uniform coat-

ing. Exposures of aluminized paneis

were made from 1-2 years after the

galvanized specimens had been set

out. Single paneis have now been

removed from each of the sites, after

time periods of 1. 2, 3 and 5 years.

The fifth specinien will not be re-

moved for 10 \ears or more, depend-

ing on its condition at each of the

sites.

The table summarizes the time

periods at which definite rusting

first appeared on both galvanized and

aluminized paneis and the time per-

iods to complete rusting of the upper

surfaces, where this (xvuned. The
test sites are listed in decreíising

order of their corrosix itv to the zinc
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Galvanized Aluminized

First R usted Areas Complete First Rusted Spots Complete

Test Site Type of Atmosphere Upper* Under** Upper Upper* UTíder** Upper

(Years) ( Years) (Years) (Years) ( Years ) ( Years)

Halifax, N.S.
Toronto, Ont.
Montreal, Que.

Industrial-Marine
Industrial

Industrial

2.7

3.0

O.O

3.5

5.0
K PC0.0

3.5

5.0

o.u

nu [O.KJ)

nil (5.0)

nil (7.0)

^ o.u

>5.0
>7.0

>5.0
>5.0

Cape Beale, B.C.
Vancouver, B.C.

Marine
Mild Industrial

5.0

8.0

nil (8.0)

nil (8.0)

>7.0
>8.0

1.0

nil (5.0)

1.0

>5.0
>5.0
>5.0

Kingston, Ont. Rural nil (8.0) nil (8.0) >8.0 1.5 2.0 >7.0

* Skyward Surfaces ** Groundward Surfaces

coating. Galvanized paneis stíll re-

main on test at Kingston where no

rusting has been observed to date.

On ali paneis the paint system on

the edges is still providing excellent

protection, the only breakdown occur-

ring at the points of contact of the

holding insulators. One point of gen-

eral interest is that rusting of the

galvanized coating on the upper sur-

faces started at the bottom of the

paneis and proceeded upwards. This

effect is undoubtedly due to the run-

off of moisture whereby the lower
portions of the panei remain wet
longer than the top áreas.

Where rusting occurred on the

Type 1 aluminized paneis, it took the

form of small pin point rust spots

which appeared fairly early after ex-

posure. However, in the ensuing per-

iod there has been little increase in

corrosion and the aluminum is pro-

viding good overall protection to the

underlying steel. The early appear-
ance of these rust spots is due to a

degree of porosity in the coating
whereby micropores occur at which
the steel rusts quickly. The alum-
inum surrounding these pores, how-
ever, provides cathodic protection

and further damage is held in check.

The main result is to detract from

the appearance of the sheet without

any serious corrosion or metal loss.

More recently a second type of

aluminized steel (Type 2) has been

marketed which has a 2 mil coating

of commercially pure aluminum on
the steel base. Sets of specimens of

this product have now been exposed

at the same sites but no test results

are available as yet. Indications are,

however, that this is an improved
product which solves the rust-spot-

ting to which the first type is sus-

ceptible in some atmospheres.

The results clearly indicate that

highly polluted industrial atmo-

spheres are the most detrimental to

galvanized coatings. Initial mst
occurred in less than 3 years at Hali-

fax, 3 years at Toronto and SVz years

at Montreal. These figures are in

good agreement with the SVz year

life reported for a 1 oz./ft.^ coating

exposed at Sheffield, England,^ and
with the A.S.T.M. average figure of

3V2 years as the life of zinc coatings

of similar thickness in a number of

industrial atmospheres. ^ Longer pro-

tection for the base metal (approxi-

mately 8 years) was obtained at Van-
couver because this site is only mildly

industrial in nature. It is apparent

that the aluminum coating has great-

ly superior corrosion resistance to

industrial atmospheres.

It is interesting to note that the

zinc coating performed somewhat
better in a marine atmosphere giving

protection to the underlying steel for

over 7 years at Cape Beale. Marine

atmospheres produce more pin point

rusting of the aluminized sheet than

industrial atmospheres but corrosion

is still minor after 5-7 years.

In the rural atmosphere at King-

ston, the galvanized paneis are

scarcely affected other than being

darkened slightly after 8 years. Re-

sults of the A.S.T.M. tests to date

show no failure of galvanized coat-

ings of 1.5-3 .2 oz., ft.- thickness after

23 years exposure to rural atmo-

spheres.^ The pin-point rusting of the

aluminized paneis which occurred

early appears to have been almost

entirely arrested and there is little

increase in corrosion after 7 years

over that present after 2 years.
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INTERNATIONAL NEWS

BRITAIN

SCIENTIFIC AND TECHNICAL
DE\'ELOPMENTS, as leported in

Comnionwcahh Survetj, March 17,

1959, MC summarized as follows:

The 'Swallow' Aircraft Project

On February 23, 1959, the Min-

ister of Supply, Mr. Aubrey Jones,

announced in Parliament that he had
made an agreeinent with the United

States authorities and with Vickers

for a joínt research programme de-

signed to prove the potentiaHties

of the Swallow aircraft concept of

variable geoinetry.

This principie, on which Dr.

Barnes Wallis of Vickers has been
working for some years, incorporates

a pivoting system allowing the posi-

tion of the wings to be varied so as

to give the best characteristics for

different speeds and phases of flight.

Take-off and landing could be ac-

complished at slow speed, with the

wings almost at right-angles to the

fuselage; for high-speed cruising

flight, the wings could be swept
right back. It is thought that the

design could be developed for civil

or military aircraft.

The minister said that a series of

tests and engineering studies would
be undertaken, partly at Vickers,

partly at the Royai Aircraft Estab-

lishment (Famborough), and partly

in US Government research estab-

lishments.

Progress with Flexible Barges

The flexible barge invented by
Professor W. R. Hawthorne in 1956,

and developed under the sponsorship

of the National Research Develop-
ment Corporation (NRDC), made its

first commercial voyage in February
1959. It successfully delivered a

cargo of 10,000 gallons of kerosene
from the Esso refinery at Fawley,
Hampshire, to Newport, Isle of

Wight. Though experiments are in

progress in Germany, this is thought
to be the first commercial trip by
this new form of transport for water-
borne liquid cargoes.

The barge, which is an envelope
made of nylon coated with synthetic

rubber, was towed by a 45 horse-

power launch and completed the 10-

mile voyage in 2 hours, after which

the cargo was pumped into storage

tanks in 65 minutes. It was then

filled with carbon dioxide and towed
back. For commercial use it is in-

tended to wind the vessel on to a

reel and stow or tow it after dis-

charge of the cargo.

These kinds of barges were orig-

inally intended for cheap ocean car-

riage of oil, but the emphasis is now
shifting towards the carriage of

liquids on inland waterways. Two
vessels have been ordered for trials,

one by an oil company and one by a

shipping company. Both are for use

in West Africa, an area better served

by river than by road, and where

such vessels consequently appear to

be of great potential value.

The vessel used for the voyage

was 100 feet in length, carried 40

tons of oil and cost just over £3,000.

The company formed to develop the

project, Dracone Developments Ltd.,

is now building one twice this length

with a cargo capacity of 350 tons.

Improved Radar

In the debate on the Air Estimates

on March 5, 1959, the Secretary of

State for Air, Mr. George Ward,
mentioned improvements which had

been developed in radar. With pres-

ent radar equipment, pictures could

be taken which enabled airfields to

be identified and runways accurately

measured. With the improved equip-

ment being developed for the Victor

bomber, it should be possible, under

favourable conditions, to make an

estimate of the number of aircraft

assembled on an airfield.

The Victors would be able to cover

an area equal to the whole of the

Mediterranean in a single radar re-

connaissance sortie by one aircraft,

and they could give a count of the

total number of ships in the area. As
another example, a radar map of an

area of the size of the United States

could be made in one sortie by only

four aircraft.

The Isaac Newton Telescope

The Admiralt>' announced on Feb-

ruary 23, 1959, that financial ap-

proval had been given to proceed

with the construction of a large tele-

scope known as the Isaac Newton

Telescope, which will be erected in

a special building in the grounds of

the Royai Greenwich Observatory at

Herstmonceux Castle in Sussex. This

project was sponsored by the Royai

Society.

The new telescope, which will have
a 98-inch aperture, will weigh ap-

proximately 100 tons and be some
30 feet in length, will be the largest

optical telescope in the United King-

dom. It will be used by visiting as-

tronomers as well as by the staff at

the Royai Greenwich Observator>",

Herstmonceux, where the largest

existing telescope has an aperture of

only 36 inches diameter. The cost of

the whole project, including erection

and preparation of the site, is esti-

mated at £660,000 at present prices,

and will take 5 to 6 years to com-
plete. Expenditure will be shared

equally between the Treasun,' and the

Admiralty.

British National Committee
on Space Research

Britain's upper atmosphere research

programme with the Skylark project,

which has been the concern of the

Royai Societ\'s Gassiot Committee,
will in future be a responsibility of

the newly formed British National

Committee on Space Research. This

committee, which held its first meet-

ing at the Ro> al Society on March 4,

1959, was set up to co-ordinate Brit-

ish research activities and to co-

operate with the Committee on Space
Research (COSPAR). formed by the

International Council of Scientific

Unions to arrange international col-

laboration on scientific experiments

conducted in space. At its first meet-

ing, the new national committee, un-

der the chairmanship of Professor

H. S. W. Masse\\ considered a report

of British obser\ ations of earth satel-

lites, and the theoretical work carried

out on the motions of satellites in

orbit.

A joint progiamme of upper at-

mosphere research with Skylark, ar-

ranged by the Gassiot Committee and
the Ministrv of Supplw began in

1958. The firing of Skylark So. 5,

which reached a peak altitude of

about 93 miles, on Ma>- 20, 1958, and
Skylark No. 6 on August 2, 1958,

completed the initial phase of the

development programme. The Gassiot

upper atmosphere research pro-

gramme began on April 17, 1958,

when Skylark No. 7 waí, fired. On
June 19," 1958, Skyhirk No. 9 was
fired, on the occasion of the IGY
World Rocket Interxal, and reached

a peak altitude of about 103 miles.
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New Research Station for Scotland

It was announced by the Ministry

of Supply, on February 17, 1959,

that a research station to study the

effects of the aurora on radio recep-

tion is to be set up on the site of a

former radar station at Hillhead, near

Fraserburgh, in Aberdeenshire.

This research, part of a programme
of ionospheric studies, will be under-

taken by the Stanford Research In-

stitute of the United States, in col-

laboration with scientists from the

Royai Radar Estabhshment of the

Ministry of Supply. Observations will

be made with a large parabolic re-

flector, about 140 feet in diameter,

brought from the United States. The
experiments are expected to start in

the late spring or early summer, and
will last one or two years. The cost

will be borne by the Stanford Re-

search Institute.

New National College of

Agricultural Engineering

The Ministry of Education an-

nounced in February, 1959, that a

new National College of Agricultural

Engineering was shortly to be es-

tablished by the ministry, near the

National Institute of Agricultural En-
gineering at Silsoe, Bedfordshire, in

co-operation with the agricultural in-

dustry.

GERMANY
THE NEW LINER "BREMEN", will

go into service on the North Atlantic

route later this year.

The new 32,000-ton "Bremen" is

the fifth liner to carry this name in

the past 100 years. Last year the

Norddeutshe Lloyd shipping company
decided to buy the old French troop

transport ship "Pasteur" and convert

it into a modern turbine-engined

luxury liner, at total cost of $22.8
million. The new "Bremen" was re-

fitted to carry 1,200 passengers.

Among the particular features are

60,000 hp. engines, a single smoke-
stack having smoke preventing equip-

ment, and an air-conditioning system.

TOWN GAS FROM OIL. The Ham-
burg Gas Company, one of the largest

municipal gas works in Germany, has

effected useful combination of gas

and oil. The company made 411 mil-

lion cubic metres of town gas last

year, of which 73 million cubic

metres came from a new cracking-

plant at Tiefstaack. For this purpose
47 million cubic metres of oil re-

finery gas was supplied by Esso of

Hamburg-Har!jurg, a Standard Oil

subsidiary. Anotiier 8 million cubic

metres of refinery gas were stored in

an underground container at Reit-

brook near Hamburg as a reserve for

peak-hours.

Another cracking-plant at Boostedt

in Holstein processed 1 million cubic

metres of natural gas from the neigh-

bouring oilfields of Plon and Barm-

stedt and made 2V2 million cubic

metres of town gas from it.

Other German gas works too have

built crackers, or are planning to do
so. Hamburg has started the second

Lurgi cracker at Tiefstaack, and the

plant can now make 800,000 cubic

metres of gas a day.

AN ORE DRESSING PLANT, the

second Krupp-Renn plant of this kind

to be built in West Germany since

the war is under construction at

Essen-Borbeck. The plant, which will

process low grade ores from Ger-

many and abroad, is part of the West
German steel industry's efforts to be-

come gradually more independent of

scrap supplies and to secure a steady

supply of raw materiais.

Called "Rennanlage Rhein-Ruhr",

the plant is being constructed by
Fried, Krupp, of Essen, and will be
jointly operated by nine West Ger-

man Steel concerns. The first of its

six kilns is to be ready to go into

operation in mid-1959, the other five

in 1960. The plant will eventually

have an annual output capacity of

from 420,000 to 450,000 tons of iron.

ITALY

PETROCHEMICAL PLANT. Con-
struction began in March on a $95
million petrochemical plant being

built by Montecatini at Brindisi. Es-

timated time for completion is three

years.

With a planned capacity of 700,-

000 metric tons of chemicals per

year, and storage tanks with a total

capacity of 14,000,000 cu. ft., the

plant will be the seventh and largest

in the Montecatini group for process-

ing hydrocarbons; the largest in

Italy. In addition to several plastics,

including polyethylene and Monte-
catinis new "MOPLEN" isotactic

polypropylene, polymers for synthetic

fibers, aldehydes, alcohols and or-

ganic solvents will be produced util-

izing a minimum of 1,300,000 metric

tons of raw materiais annually.

The plant was described as a large

scale translation to industrial applica-

tion of concepts of stereospecific

catalysis discovered by the Italian

scientist. Professor Giulio Natta and
developed by Montecatini.

A 1200-acre plot near Brindisi will

serve as the plant site. Twenty miles

of roadway and six miles of railroads

will be built within the plant area to

facilitate handling of raw materiais

and finished products.

A thermo-electric plant will also

be built to supply the power require-

ments of the plant making it com-
pletely autonomous. An estimated

300,000,000 kw. hrs. of electricity

per year — twenty times that con-

sumed by the entire town of Brindisi

— will be needed. The plant will use

about 2,000,000 tons of steam an-

nually. Upon completion, the plant

will employ approximately 2500, with

another 1500 employees engaged in

activities directly related to its opera-

tion.

At least two thirds of the raw ma-
teriais and finished products will be
transported by sea, increasing the

annual tonnage handled by the port

of Brindisi by more than 1,500,000

metric tons.

Montecatini began its petrochemi-

cal activities in 1951. It operates

petrochemical plants at Ferrara, No-
vara, and Terni.

VENEZUELA
CREOLE FOUNDATION PRIZE. A
prize is offered by the Creole Foun-
dation, in order to stimulate interest

in research work related to Vene-
zuela in the fields of natural, physical

and social sciences. It is given for

the best work on Venezuela in any
branch of those sciences in accord-

ance with certain rules.

It consists of the amount of $10,-

000, and a diploma, to be given to

the author of the work selected

through competition. It will be given

every two years in Caracas, beginning

October 17, 1960. Persons of any
nationality may participate.

The works must be received by
December 31, 1959, for the first com-
petition. Copies of the regulations

may be obtained by writing to the

Embassy of Venezuela, The Rox-

borough, Ottawa, Ontário.

UNITED STATES
WHAT IS BEING DONE TO MAKE
FLYING SAFER and more efficient,

was described by the Air Transport

Association in a recent Newsletter.

As part of its airways moderniza-
tion program, the FAA is installing

enroute surveillance radar with a

200-niile range. In adequate number,
this long-range "eye" would have the
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ahility to do miuli to increase aiv

traífic capadtx and air iiavigation

coveragc.

Long range radar lias the potential

to decrease dela\s in aircraft arrixals

and dcpartmes, in addition to pro-

\iding a hcttor ntilization of the

airspace. Anotlier important function

of long-range radar is that it can

help aircraft to avoid bad weather.

During the latter part of 1958,

tlie CAA (prior to going over to FAA)
and the U.S. Air Force's Air Defense

Conimand set np a Radar Advisory

Service to provide separation of civil

jets from all other aircraft flving

above 24,000 feet.

Essentially, the service employs
the available FAA long-range radar,

plus radar of the Air Defense Com-
mand network. FAA employees are

used at the Air Force radar facilities

to monitor the separation of civil

jets from other traffic in the area.

Initially, this radar coverage was
available only to jets ooerating in the

Northeastern states and between New
York and Miami. However, in late

January of 1959 the service was ex-

tended to transcontinental routes.

This means that as the scheduled
airlines introduce jet aircraft into

their transcontinental operations,

radar advisory service will be pro-

vided.

A new FAA facility designed to

centralize and speed up reports on
near-miss incidents was recently an-

nounced by the FAA. The facility

became effective on March 2.

Known as the Central Reporting
Office, this new FAA facility will

serve as a "clearing house" for all

reports on near misses from FAA
control stations around the country.

A joint civil/military program for

studying ways to modernize the na-

tion's aviation weather system was
recently announced by the FAA.
The program calls for establishment
and execution by the Department of

Defense, Commerce and the FAA of

a unified research and development
effort to produce a weather service

system compatible with reqnirements
of a modern system of aviation

facilities.

"This would be a big step toward
increasing the capacity and efficiency

of the nation's air traffic control

system," the FAA announcemení
points out.

Under the plan, the existing

weather system and equipment de-

velopment projects would be inte-

grated with the Air Force semi-

automatic system. Air navigation and

traffic control developments also

would be related. Initial step in the

program would be taken by the Air

Force.

Elenients of a system under de-

velopment by the Radio Corporation

i)f America to increase driving safety

on the nations roads will be in-

stalled this year at the FAA's ex-

perimental center at Atlantic City to

help solve the problem of jet-age air

traffic at busy airports.

"Conceived as a means of sensing

the presence of automobiles on a

highway, the technique is adaptable

with equal effectiveness to the de-

tection of aircraft moving along run-

ways and taxiways," an RCA spokes-

man said.

At the heart of the system is a

series of wire loops and small de-

tector units buried in the pavement

along the path followed by aircraft

on the ground. The FAA bureau of

Research and Development envisions

an eventual system under which an

arriving airliner, for example, will

be under electronic control from the

time its wheels touch the runwa>'

until it is parked and dischafging

passengers.

The January, 1959 issue of Aircraft

Industry Association's Planes said

that the safety, efficiency and com-

fort of jet aircraft stand to be further

increased by a revolutionar>' new
liquid-cooled brake system utilizing

what is called a "heat exchanger."

This thermodynamic device is essen-

tially a water boiler. A common anti-

freeze mixture is circulated behind

the friction surfaces of the brakes,

picks up the heat, and transports it

to the heat exchanger where it is

transferred to water. Temperature

buildup in the criticai wheel and

brake area is thus reduced by as

much as 1,500 degrees.

Operating at low temperatures re-

duces the possibility of tire blowouts

and brake failures. Brake noise and

vibration are almost completely

eliminated.

With today's high-speed, long-

Yfl-ae aircraft, compass accuracv is

of the first importance. A method of

calibrating airborne compass sys-

tems has been developed under

sponsorship of the USAF's ^^'right

Air Development Center, Da\ ton,

Ohio.

The Air Navigation and Traffic Con-

trol Division of the Air Transport

Association has recently completed a

study of some of the operational and
technical characteristics, on a compar-

ative basis, of the Decca and \'OR
DMET navigation systems.

Copies of the study may be ob-

tained by writing the Air Transport

Association, 1000 Connectic-ut Avenue,

N.W., Washington 6. D.C. Attn:

Director of Information.

It is more than six times as safe to

travei on U.S. scheduled airlines as to

travei by automobile.

Private car and taxi fatalities during

the five-year period ending 1957

(1958 figures were not yet available)

were 2.7 per 100 míllion passenger-

miles. Rate for the domestíc sched-

uled airHne industry was .42 for the

five-year period ending 19.58.

The airlines' safety trend shows
continuous improvement. Fatalit>- rate

for the total U.S. scheduled airline

industry was 2.55 per 100 míllion

passenger-miles for the five years end-

ing 1943. It dropped to 2.04 during

the next five > ears. The rate was cut in

half — to one fatalit>- per 100 milHon

passenger-miles—in the fi\ e-\ear per-

iod ending 1953. Statistics for the past

five years (ending 1958) show an
almost three-fold improvement, with

the rate down to .38.

ISRAEL
RECENTLY ACQUIRED INSTRU-
MENTS now in operation at the Solar

Ph>sics Laborator>- of the Technion
bring the sun and its actÍNities appre-

ciably closer to earth for study.

Among the new acquisitions is a

telescope fitted with a H-alpha filter.

When fully installed it w ill enable the

scientific viewer to observe, in h\dro-

gen light, activities such as eruption

fiares on the surface of the sun.

These are the phenomena which ha\ e

a direct influence on the ionosphere

levei, which maintains radio wave
propagations on the earth.

A coelostat solar spectrograph has

been set up to measure turbidity in

the atmosphere of the earth. This

instrument displaxs a complete solar

spectrum when aimed at the sun, and

automaticalh follows the niovement

of the solar body in the sky. This

equipment will serve as a basis for a

sur\ey aimed at measuring the pene-

tration of various rays and will perniit

a check on the influence of these

rays on public health and agricultin-e.

The equipment is located in the

Albert Einstein Institiite of Physics at

Technion Cit\ . Plans are also now
being made for an extension of tlie

Solar Physics Laboratorx' on the roof

of the huilding.

Prof. Kmt Sitte is head of the Divi-

sion of Pli^sics, and Assoe. Prof.

Nathan Rohinson is head of the Solar

PliNsics Laborator\".
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Canadian Developments
NEWS OF MAJOR ENGINEERING DEVELOPMENTS IN CANADA

THE ENGINEERING MANPOWER SITUATION
The Canadian labour market for

engineers in 1958 was affected by
two important developments in 1957:

firstly, the economic slackening after

several years of sustained expansion

and, secondly, the record net immi-

gration of engineers into Canada.
According to the fourth profes-

sional manpower bulletin issued by
the Department of Labour at Ottawa*
the 1957 situation continued in the

following year. The national economy
did not expand at the 1956 rate, thus

keeping down the rate of increase in

demand for engineers. At the same
time, the nevv supply almost reached

the 1956 levei. However, the most
noticeable supply chauge in 1958 as

compared with 1957 was the steep

decline in the net immigration of

engineers from the record levei of the

preceding year.

In early 1959 a general supply

deficiency was no longer indicated,

although universities and govern-

ments were still reporting great

diíRculty in recruiting engineers.

Their lower salary scales compared
with those in industry are probably

the chief reason for this. Generally,

demand and supply are fairly well

balanced, but with a tendency to-

wards a surplus, particularly of new
and inexperienced engineers.

Net immigration of engineers is

expected to be negligible over the

next few years, whereas a large in-

crease in the number of Canadian
engineering graduates is foreseen.

Expansion in the employment of

engineers is expected to continue but
at a much reduced rate. The moder-
ate rate of economic recovery— in

particular, of private investment—and
probable changes in the defence pro-

gram, are foreseen as limiting factors.

A shortage of engineers might recur

if there is any sharp expansion in

economic activity, particularly if it is

accompanied by a rise in private in-

vestment.

• 'Recent changes in Engineering Man-
power Requirements and Supplies in
Canada"; Bulletin No. 4, January 1959,
Economics and Research Branch, Depart-
ment of Labour. Canada. Price 25 cents,
The Queen's Printer, Ottawa, Ont., Can-
ada.

The bulletin sums up the supply
and demand situation for the periods

1955-57 and 1958-60 as shown in the

following table.

Supply and Demand

1955-57 1958-60
(actual) (forecast)

Number of engineers

graduoting from

Canadian universities 4,670 6,500
Approximate net

immigration 3,285 500

Total new supplies 7,955 7,000
Net requirements 10,000 to

1 2,000 6,500

Upgrading

The two major sources of additions

to the pool of engineering manpower
are of course university graduates and
net immigration: in 1958 graduates

reached the highest number since

1951 while net immigration dropped
to the lowest levei in nine years.

A number of engineering positions

are íilled in Canada by men who have

not obtained an engineering degree

from a university. Some of these

receive recognition by successfully

passing examinations set by the ap-

propríate provincial registering body.

Others have neither qualiííed aca-

demically as engineers nor are they

recognized by an engineering associ-

ation, but they are considered as

competent engineers at the profes-

sional levei by their employers.

Only fragmentary information is

available on the extent to which em-
ployers fill engineering jobs at the

Professional levei with workers who
have acquired their competency
through work experience, periodic

private study and informal learning.

On the whole, they are an older

group than the graduate engineers

since they obtain their engineering

status through years of informal train-

ing and experience. There are also

probably a relatively large number
of immigrants among them, including,

for example, holders of Higher
National Certificates from Great

Britain.

There is some evidence that during

a period of severe engineering short-

ages the number of non-graduate

engineers increases, since employers

will intensify the practice of upgrad-

ing and perhaps even reduce their

hiring standards. Firms that have to

build up their production schedules

relatively quickly may íind the experi-

enced non-graduate engineer more
ímmediately useful to them than the

recent college graduate who, although

possibly possessing greater potential,

has to be trained for several months

before being able to make any valu-

able contribution to the production

process. An adequate supply of gradu-

ate engineers would probably have the

opposite effect and reduce the will-

ingness of employers to promote the

non-graduate into a professional

engmeering job except for those who
are outstanding in ability or experi-

ence.

On the recruitment side, an im-

portant new source of information

has become available through the

Department of Labour's Biennial

Survey of Requirements for Profes-

sional Personnel, just completed. In

the survey, replies were received from

a very large proportion of Canada's

employers of engineering and scien-

tific manpower. The questionnaire

contained a section on recruitment

sources including upgrading. Em-
ployers were asked to indicate in

quantitative terms the extent to which

workers were upgraded to professional

work levei during 1956 and 1957 and

on what basis. The returns showed
that 339 were upgraded to profes-

sional status during the period and

of that number, 41 had obtained a

university degree subsequent to their

original emplo\'ment, 240 were up-

graded b\- recognition of their experi-

ence and ability and 58 by obtaining

membership in a professional associa-

tion. The two latter figures combined
were equivalent to 9 per cent of the

total hirings of engineers and scien-

tists during 1956 and 1957 by the

employers sui-veyed. It must be

remembered in this connection that

this was a period of considerable

shortage of engineers.
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Einployets" Expeclations Change

BetwetMi 1956 and 1958 employers
— espccialh- in iiidusti)'— consider-

abl\- revised their estimates of their

future requiiement of engineeis. In

1956 indu.sti\' forecast an aveiage

percentage increase per vear for 1956
to 195S of 12.2 per cent, but in 1958
einplo\ers in tlie same sector pre-

dieted an annual increase of 5.1 per
cent for the pc-riod 1958-1960.

Recrnitment difficulties in 1954 and
1955 were reported by 61 per cent

of employers in industry, 90 per cent

of the colleges and universities, and
85 per cent of government agencies

—compared with 22 per cent, 75 per

cent and 58 per cent respectively

reporting difficulties in 1956 and
1957. Employers in ali three sectors

expect this trend to continue: recruit-

ment diíficuity is anticipated by only

13 per cent of industrial employers,

61 per cent of the colleges and
universities and 38 per cent of

government agencies. Aeronautical

engineering, followed by electrical,

metallurgical and chemical engineer-

ing, were the fields reporting the

greatest difficulty in 1956-1957, while
mining, civil and geological engineer-

ing had the least. For expected
recruitment difficulties from 1958 to

1960, three engineering fields stand
far above the rest, namely aeronau-
tical, electrical and metallurgical.

These figures represent percentages
of employers reporting or expecting

difficulties, and are therefore subject

to the limitation that one employer
may be concerned with just a few
engineering specialists while anothers
difficulties may arise from a need for

dozens of engineers.

National Employment Service

National Employment Service

figures are another cine to the

changing labour market for engineers.

Since the end of the Second World
War, the Executive and Professional

Division of the National Employment
Service has been functioning as a

nationwide employment exchange for

executive and Professional personnel,

including engineers. Every month
detailed statistics are available on the
regular operations of the National
Employment Service and these figures

include, among other data, the
number of applicants and unfilled

vacancies at a given date. These
statistics are broken down by region
and occupation with data for

engineers shown separately. To help
assess the current labour market
situation for engineers by means of
these data, average ratios of vacancies

to applicants in the engineering field

for each year from 1950 to 1958
have been worked out. Examination

shows that they range from 36 per

cent in 1950 (or one vacancy for

about three applicants) to 569 per

cent in 1956 (or slightly more than

five and a half jobs for every appli-

cant), the second lowest ratio, 54 per

cent, (or one vacancy for slightly

more than two applicants) having

been attained during 1958. On the

basis of these figures, the period

from 1955 to 1957, especially 1956,

witnessed the greatest shortage of

engineers of the nine years under
review.

National Employment Service

figures are also subject to limitations,

but it is felt that they are reasonably

meaningful in showing the general

pattern of change in the labour

market for engineers.

Since 1951, the National Employ-
ment Sei^vice has been surveying the

major employers of professional per-

sonnel in Canada in order to obtain

from them an estimate of the open-

ings they expect to have the following

spring for new graduates in diíferent

fields, including enginering. Except
for 1951 and 1958, Canadian em-
ployers reported having more job

openings for new graduates in engi-

neering than the number of such

graduates tunied out by Canadian
universities and colleges. The years

1956 and 1957 had the greatest

number of job openings reported in

excess of Canadians graduated from
university in engineering.

Wages and Salaries

The trend of wages and salaries is

generally assumed to reflect the

changing relationship between supply

and demand for labour. Increases in

weekly earnings of workers as a whole
and in engineering starting salaries

followed each other very closely up
to 1955. However, in 1955, 1956 and
1957 starting salaries for engineers

rose at a much faster rate than indus-

trial earnings. 1956 and 1957 were
the two years when, as the preceding

analysis indicates, Canadian em-
ployers experienced the greatest

shortage of engineers since World
War II. However, in 1958 starting

salaries for engineers rose only sliglit-

ly above the 1957 levei while in-

dustrial earnings in general again

increased significantly—confirming a

relative slackening in demand for

engineers.

Utilization of Engineers

The final section of the bulletin

contains some pertinent observations

on what may happen to the utilization

of engineers when their supply comes

into balance with demand or when an

actual surplus develops:

"Employers finding it easier to

obtain qualified engineers can afford

to be more selective. They are in a

position to hire and to retain on staff

only the most efficient engineers for

their enginering work. This in turn

should result in a need for fewer

enginers than would othen\dse be the

case. At the same time, still another

result may occur when a fairly large

surplus of engineers develops. The
less efficient or less qualified engineer

from the point of view of the em-
ployer, finding it more difficult to

remain in or to obtain bona fide

engineering employment, may, rather

than join the ranks of the "out of

work", accept jobs either without or

with only a partial engineering con-

tent, thus leading to what could be
considered to be "engineering under-

employment" or "disguised engineer-

ing unemployment". A surplus of

engineers in the labour market there-

fore may lead to contradictor\' re-

sults: the most qualified ma>- be used

more efficiently while the less able or

less qualified ma\' be used less effici-

ently. A surplus of technicians may
also develop from this situation.'"

Such possibilities are seen as em-
phasizing the need to work toward
successful job orientation b\' provid-

ing vocational guidance information

and financial assistance to those stu-

dents who, although most suited for

an engineering vocation and desirous

of entering such a profession, cannot

afford to do so.

New Mining Industrv

The first shipment of potash

mined and refined in Canada was
made to Canadian niarkets in March
from the Saskatoon plant of Potash

Company of America. Potash mining

is a new Saskatchewan industr\-.

Mine and plant facilities costing

$20 million, include the niassive

concentrator. crushing plant. ware-

houses, and general office.

Operating at capacity the plant

will produce 600,000 tons of the

finished product annualh". The plant

emplo\ s 200 people. Its annual pay-

roll is in excess of $1 million.

Mining is carried on in a horizontal

tunnel off the main shaft. A contín-

uous miner is used in the mining
operation. The ore is a mixtnre of

potash, common salt and a small

amount of cla\'.
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FIRST UNIVERSITY NUCLEAR REACTOR
The opening of a privately owned

atomic reactor at McMaster on April

lOth places Hamilton's university in a

unique position among Canadian insti-

tutions of learning. The nuclear

reactor has clearly asserted its func-

tion as an instrument of peaceful

research, and novv takes its place as

an academic installation in the quiet

surroundings of the campus. The
$2,000,000 project was financed by
grants from Government of Canada
research agencies, by the Hydro
Electric Power Commission of Ontário

and by contributions from private

industry.

Housed in a circular (actually 15-

sided) 72-foot high building, the 1000
kilowatt research reactor is of the

"swimming pool" type, chosen for its

inherent safety and adaptability to

experimental work. The concrete,

windowless reactor building is 82 feet

in diameter with the lowest íloor 17

feet below ground levei. It has a firm

foundation— a 140-foot wide, fíve-

foot thick reinforced concrete slab

which was poured in a single opera-

tlon.

The reactor consists of a special

concrete, tile-lined pool rising 35 feet

above the experimental floor and
extending through the second (operat-

ing) íloor of the building. Its core

—

an array of thin sheets of aluminum
and an alloy of uranium—is located

Core of fuel elements suspended from
a movable bridge over the pool.

25 feet below the surface of the pool.

One hundred thousand gallons of

constantly purified water circulate

around this core to provide a shield

against radiation as well as remove
heat and slow down the neutrons so

that they can initiate fission in the

U-23.5 atoms. Cadmium-lined boron

control rods are used to draw off

excess neutrons and regulate the

fission process at the desired rate.

The availability of a nuclear re-

actor makes possible many research

projects not previously feasible. For
example, many of the most interest-

ing radioactive nuclei are short-lived

and can only be studied near the

source. The properties of these nuclei

can be more fully explored at Mc-
Master.

Radiation produced by the reactor,

or from radioisotopes produced in it,

provides a fourth dimension for the

chemist and chemical engineer.

Chemical reactions are influenced by
temperature, pressure and catalysts.

Radiation, in many cases, acts like a

catalyst and hence provides this

fourth dimension. Chemists have
studied the composition and be-

haviour of very large molecules to

form long chain-like molecules which
make up the plastics and synthetic

rubbers. This process is called poly-

merization, and radiation is known
to induce it at lower temperatures.

Mechanical engineers have studied

engine wear and friction with radio-

active piston rings. Neutron irradia-

tion of the rings in a reactor yields

radioactive iron. As the engine in

which the rings are installed is

operated, the weight of the iron that

wears off may be detected down to

1/100,000 of an ounce by oil sampl-

ing.

The future holds promise for im-

portant studies in neutron diffraction

by our physicists and metallurgists.

This technique yields information

about the structure of materiais that

will greatly assist in developing the

iiew alloys and ceramics needed in

this age of jet engines and rocket

power.

Researchers in vvidely diífering

fields will be able to use the reactor.

In addition to providing neutrons,

gamma rays and isotopes to Mc-
Master teams working in the physic;\l

and biological sciences, engineering

and medicine, it will assist other re-

search organizations wishing to de-

velop new projects. It will also serve

industry and aid in the teaching of

nuclear science to students.

Building in the North

Special features of building in the

Canadian North are dealt with in a

new publication of the Division of

Building Research, National Research

Council, Ottawa. The technical paper

"Building in Northern Canada"", re-

ports the recent quickening pace of

construction in Northern Canada, de-

manded by mining development, the

search for oil, and the decision to

build the community now known as

Inuvik, which will come into full use

within the next year or two. Fro-

bisher Bay will become a complete

northern community, as a point on

the Arctic trans-Atlantic air routes.

The factors that distinguish north-

ern building from building elsewhere

are the climate, the unusual terrain

and the relative isolation of most

building sites. Climate, the reooi^t

explains, differs mainly in the dura-

tion of cold weather rather than in

extremes of temperature, and the

technical problems are not significant-

ly different. But the climate does

account for the short construction

season, and for the presence of per-

mafrost. And permafrost is a major

technical consideration, requiring

specific construction techniques in

some conditions.

Distances, limited transportation

facilities, lack of manpower, make the

economic and logistic factors still

more serious considerations.

Techniques, conditions to be ex-

pected, special northern require-

ments, transportation, supply, ma-
teriais, and many other important

points are discussed by authors R. F.

Legget and H. B. Dickens.

Athabasca Oil Sands
The Alberta Technical Committee

began meetings in April which will

enable it to advise the Oil and Gas
Conservation Board and the Alberta

government on safety and other

technical aspects of the proposed nu-

clear test in the Athabasca oil sands

of Alberta.

Mr. S. Stewart, manager of the

Canadian Division of the Richfield

Oil Corporation, appeared before the

committee to review the proposal.

Dr. G. W. Johnson, test director of

the Radiation Laboratory of the Uni-

versity of Califórnia, outlined for the

committee results of five underground

• "Building in Northern Canada",
National Research Council, Division of
Building Research, Ottawa, Canada, 50-
page mimeographed booklet, $0.75.
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Proposed terminal building for Vancouver Airport.

nuclear twplosions wliicli had been
canied out undcr liis supeivision for

tlu- Ihiited States Atomic Energy
('oními.ssion. He will furnisli the com-
niitli-e w ith seientiíie and technical

intorniation <ni tliese tcsts for further

.stud\

.

Dr. G. W. Govier is chairman of

the Alberta Technical Committee; the

inembers are Hon. A. R. Patrick,

Grant MacEvvan, H. H. Somerville,

D. A. L. Dick, George Garland, C. G.

Garvenor, Dr. H. E. Gunning, D. R.

Graig, and A. S. Manyluk.

The ternis of reference of the Com-
mittee are

• To review the procedure proposed

and scientific data now available

and requirements for adequate as-

surance that: there vvould be no
surface breakthrough or fissuring

to the surface; the bulk of the

radio-activity produced would be
adeqiiately entrapped in insoluble

form; and there will be no signifi-

cant radio-activity contamination of

the oil or gas or of underground
vvater.

• To review the technical and scien-

tific data which should be ob-

tained, before, during and after

the test, if the test is approved,

and to review other relative ma-
teriais.

• To advise the Oil and Gas Conser-

vation Board and the provincial

government on the entire proposal.

What Goes On
Columbia River Discussions

The International Joint Commis-
sion, meeting in Montreal on April

30 and May 1, made progress toward
development of principies on the

apportionment of benefits resnlting

from a cooperative development of

the Columbia River.

The discussions were directed to

clarification of principies. Technical

officers will analyze the information

developed, and the Commission was

to meet again in a month's time.

Organic Cooled Reactor for Canada

Atomic Energy of Canada Limited

has awarded to Canadian General

Electric Company a $600,000 con-

tract for a design study and asso-

ciated development of a nuclear

power reactor, to be known as

OCDRE (Organic-Cooled, Deuter-

ium-moderated Reactor Experiment).

In this reactor, organic liquid, ra-

ther than heavy water, will be used

to transfer heat from the uranium

fuel to the steam generators. Heavy
water is to be used as the moderator

and the fuel will be natural uranium.

The growing interest in the use of

organic liquids as reactor coolants is

based on lower price, and the pos-

sible adaptation to small and médium
size stations in more remote áreas.

The decision to proceed with the

design study resulted from discus-

sions among members of the staffs of

the Department of Northern Affairs,

The Northern Canada Power Com-
mission, and Atomic Energ\' of Can-

ada Limited.

Organic coolants appear to offer

means of reducing capital costs. Re-

sides the saving in cost of the cool-

ant, there is the additional advant-

age that a low pressure system can

be used in the reactor, because or-

ganic liquid has a high boiling point.

Organic liquids are much less cor-

rosive than water at high tempera-

tures and therefore more normal

structural materiais such as aluminum

alloys could be used in the reactor.

On the other hand, organic liquids

are affected by radiation and will

require some continuai replacement

by fresh material. Furthermore. fuel

costs in an organic-cooled reactor are

likely to be higher than in a hea\>

water-cooled reactor.

Vancouver .\irport Proposal

The proposed $14 million pas-

senger terminal for \'ancouver"s Inter-

national airport is designed to cope

with three times the traffic handled

at Sea Island in 1958, according to

a preliminar\- planning report sub-

mitted to the city. It provides 18 air-

craft loading positions along tvvo

fingers connected by tunnel to the

terminal.

Sealed construction is provided by

the plan. Resides the main terminal

building, the proposed layout in-

cludes an airport service building,

cargo warehouse, airmail building,

etc., and a hydrant refuelling s\-stem.

The design anticipates expansion

be\-ond the forecast requirements for

1980, it is reported. B.C. Research

Council supplied foi-ecast data.

Phillips Barratt and Partners, Van-

cou\er, were the prime consulting

engineers on design and cost estiniate

of the terminal facilities. Collabtir-

ating architects w ere T h o m s o n,

Bcrwick íc Pratt.
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JOINT REPORT
of the

COMMITTEES
on

CONFEDERATION
as appointed by the Canadian Council oj Professional Engineers

and The Engineering Institiite of Canada

The President anti Council,

Canadian Council of Professional Engineers.

and

The President and Council,

The Engineering Institute of Canada. March 18th, 1959

Gentlemen:

Herewith for your consideration is the report of the Committees on Confederation—
each as appointed by the Canadian Council of Professional Engineers and the

Engineering Institute of Canada. This is a joint report.

The report is submitted in five parts—designated as Parts "A", "B", "C", "D", and
"E".

The report has been approved by the Committees—each of which was appointed by
your councils. Committee and sub-commíttee meetings have been conducted on

a joint basis throughout

By way of explanatíon, comments in regard to the report are as follows:—

PART "A"—re-affirms the eight basic

clauses of confederation as originally

stated. These were approved in broad
principie at the 1958 annual meetings

of the respective councils. The only

change in this part is found in Clause

8—where the assessment is raised to

$6.25 from $6.00.

PART "B"—deals with the development
of a budget considered to be adequate
for the first or early years of operation

of a new National Body.

PART "C"—this portion of the report

deals with interpretation and/or e.\-

planation of intent—as interpreted by
members of the joint committee and

may be used for amplification of Clauses

1 to 8. It is anticipated that these ex-

planations will be of assistance in under-

standing by those less familiar with tlie

problems of Confederation.

PART "D"-this part deals v\ith pro-

cedures for presentation and implemen-

tation of the recommendations of the

report to the constituent members of

Canadian Council of Professional Engi-

neers.

PART "E"—this part deals with the re-

quírement of presentation and imple-

mentation to the Council and members
of tlie Engineering Institute of Canada.

With the presentation of this report, it is the helief of your committees th at their terms of reference have been completed.
However, if it should he the decision of your Councils to proceed further, your committees are prepared to assist in any
way as they may he requested, to further the recommendations of this report.

Respectfully submitted on behalf of

CANADIAN COUNCIL OF PROFESSIONAL ENGINEERS
Committee on Confederation.

JOHN H. FOX, P. Eng., M.E.I.C.

Chairman

Respectfully submitted on behalf of

THE ENGINEERING INSTITUTE OF CANADA
Committee on Confederation.

mVING R. TAIT, P.Eng., M.E.I.C.

Chairman
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CONFEDERATION REPORT (contmued)

PART A

CLAUSE 1.

It is recommended tliat a new National Body coinbining

the Engineering Institute of Canada, and the Canadian
Council of the Associations and Corporation of Professional

Engineers, be formed. The combination of these organiza-

tions will enable enlarged services to be rendered to the

Professional engineers of Canada.

Quebec

Ontário

3 members— 1 appointed by Council of

provincial body and 2

elected at large—not serving

on provincial council.

4 members— 1 appointed by Council of

provincial body and 3

elected at large—not serxing

on provincial council.

CLAUSE 2.

Full Membership in the National Body shall be confined

to members of the provincial and territorial associations

and Corporation of Professional Engineers. There shall be
no other way that full Membership may be obtained. There
will be other grades of non-voting membership, such as

Honorary, Fellow, Student, etc, as approved by the

National Body.

CLAUSE 3.

The Council of tlie National Body shall be composed as

follows: a president, and two vice-presidents (East and
West) elected, the immediate past president, and repre-

sentatives of the provincial and National bodies as follows:

one representative appointed by the council of each of the

provincial bodies, and additional representatives elected

according to the membership of the provincial bodies;

provinces with 301 to 5,000 members shall elect one ad-
ditional representative; those with 5,001 to 10,000 mem-
bers shall elect two additional representatives; and those

with over 10,000 members shall elect three additional rep-

resentatives. The elected representatives shall not be
members of their provincial councils and shall be voted on
by the full membership of their province. Such elections

shall be conducted by the provincial bodies.

The first council of the National Body shall therefore be
composed as follows:

NOTE: The officers and representatives to be elected to

the first council from the membership, shall be members
of the present Engineering Institute of Canada, as well as

members of their respective provincial bodies.

CLAUSE 4.

No decision by the council of the National Body shall be

binding upon the members of tlie provincial bodies if such

decisions in any manner concem the application of the

provincial engineering acts or other provincial acts. They
shall be binding in ali other cases.

CLAUSE 5.

Branches will be established by the National Body at tlie

request of a group of individuais of a communit>- after

such request has been processed and approved by the

council of the appropriate Provincial Body. The branch

charter and by-la\\ s shall be approved and issued by the

National Body after receipt of recommendation from the

Provincial Body concerned. This \\ill assure uniformity in

the fomiation and operation of branches throughout the

country. The branches will manage themselves in accordanco

with their approved charter and b>-laws and will recei\e

services both from their Provincial Body and the National

Body.

President and two vice-presidents (East and West) elected.

Alberta —

British Columbia—

Manitoba —

New Brunswick —

Nova Scotia —

Saskatchewan —

2 members \

1 appointed by Council of

provincial body and 1

elected at large—not serving

on provincial council.

CLAUSE 6.

It is reconnnended that a national journal be published.

CLAUSE 7.

Decision on the location of Headquarters of tlie National

Body siiould not be a prereqviisite to Confederation. Such

decisions should be made the responsibility of tlie oarl>

councils.

Newfoundland

Prince Edward Island

Yukon

1 member (appointed)

CLAUSE 8.

The annual assessnient shall be $6.25 per member.
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CONFEDERATION REPORT

PART B

Details of budget needs of a proposed new national engineering body to

be formed by the confederation of THE ENGINEERING INSTITUTE
OF CANADA and the CANADIAN COUNCIL OF THE ASSOCI-
ATIONS AND CORPORATION OF PROFESSIONAL ENGINEERS.

1. STATEMENT OF AUTHORIZATION
The joint committees on confederation appointed a sub-comniittee to study the

preparation of an operating budget for the proposed National Body and the amount

of the assessment per member. This report has been prepared after a thorough study

of the matter including an exaniination of the operations and the financial statements

of the existing National Body.

2. BASIC DATA

(a) The proposed organization and budget is based on the

present professional membership of approximately 32,000
members.

(d) A siniple organization chart is appended to this report

—indicating what are considered to be basic or minimum
staff requirements for the National Body.

(b) The staff requirements are based upon continuing with

one National Body the major services now provided by the

Canadian Council of Professional Engineers and The Engi-

neering Institute of Canada without duplication or over-

lapping of such operations and services.

(e) Fee accounting and collection will be handled by the

offices of the Provincial Bodies;—(where the provincial

membership does not warrant the support of an office staff

these services will be rendered by the office of the National

Body with the cost charged to the province concemed).

(c) The organization and estimated budget are considered

applicable only to the first or early years of operation.

Enlarged services and programmes can be anticipated as the

national organization develops, also an enlarged member-
ship is certain so that the estimates herein may be con-

sidered as basic only.

(f) Funds have not been provided in these estimates for tlie

operation of a national journal. It is proposed that the

Journal shall be operated as a separate entit>- and will be

self-supporting.

THE ENGINEERING JOURNAL—JUNE, 1959 99



CONFEDERATION REPORT (commed)

PART B

3. BUDGET NEEDS
Building Acconiniodatioii:

(Bascd on an owncd building)

Operating expenses per year

Office expenses

(a) Salaries —

General Administration 26,000.00

Divisional Administration 43,000.00

Accounting, etc. 9,000.00

Programmes, etc. 19,400.00

(b) E.vpenses — (Gen. & Admin.)

Telegrams & Postage 5,000.00

Telephones 2,500.00

Supplies 9,000.00

Audit 1,000.00

Misc. 5,000.00

General Programmes

12,000.00

97,400.00

2 Council Meetings and 1

Anmial Meeting 10,000.00

3 Executive Committee
Meetings 5,000.00

Annual Meeting (deficit) 3,000.00

Staff Travei 5,000.00

Student Prizes 600.00

Library—including salaries 13,000.00

Conferences and Committees
with other societies 5,000.00

Pensions (staff) 5,000.00

Conferences on Education .5,500.00

Student activities 3,000.00

President's Travei 4.000.00

Sundrv 1.500.00

22,500.00

CONTINGENCIES

TOTAL BUDGET

5.000.00

60,600.00

5,000.00

S 197,500.00

Total Assessment per member—approx. $6.25 per year

SECRETARY
GENERAL

Executive

Secretar>' ( 1

)

Stenographer (1)

ADMINISTRATION ACCOUNTING
& RECORDS

Exec. Assts 3 Accountant

Stenographers 3 Records Clk.

Tel. Operator 1

Gen. Clerical 1

Under this section ali professional activities and the re-

lations with other societies and professions will be

administered.

MEETINGS-TECHNICAL TOURN.\L
PROGRAMMES PUBLIC.\TION

1 Tech. Prog. Director 1

1 Stenographer 1

Employment Opport 2

FUTURE

Engineering .\ssts 2

Stenographers 2

Under this section activities will bc carried out which

relate to tliat of a technical professional society.

NOTE: While not specificalltj indicated on the chart, monetanj provision is made in the foregoing hudget for Wyrarutns
and building tnaintenance services as are now provided in the existing E.I.C. Headquartcrs.
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CONFEDERATION REPORT

PART C

CLAUSE 1.

The joint committee recommends that:

I. the charter of the Engineering Institute of Canada
originally issued in 1887 be the basic charter for the

New National Body. The constitution, by-laws, and
objectives to be revised to meet the terms of the

clauses of the agreement between The Engineering

Institute of Canada and the Canadian Council of the

Associations and Corporation of Professional Engineers.

(a) to develop and maintain high standards in the engineer-

ing profession.

(b) to facilitate the acquirement and the interchange of Pro-

fessional knowledge among its members.

(c) to advance the professional, the social and the economic

welfare of its members.

II. the agreement for Confederation be drawn up be-

tween The Engineering Institute of Canada and the

Canadian Council of Professional Engineers; each

associatíon and coq^oration to sign the final legal

documents as constituent members of the Canadian
Council.

III. the choice of name for the nevv body be left to the

provisional council of the National Body.

(d) to assist in the development of uniform registration

qualifications and examination schedules.

(e) to act in an advisory capacity in connection with legis-

lative matters common to ali of the professional prov-

incial bodies.

(f) to enhance the usefulness of the profession to the public.

The Provincial Bodies shall have complete jurisdiction over

the administration of the Professional Engineers' Act within

the province, which among other things embraces regis-

tration and enforcement of the regulations, protection of

tlie public, and the maintenance of high standards.

The National Body shall have jurisdiction over matters

relating to the dissemination of knowledge useful to the

profession, which among other things shall include the

holding of technical meetings and the publication of pro-

fessional literature, assistance in matters related to educa-
tion, public recognition of the profession at ali leveis both
at home and abroad.

(g) to collaborate with the universities and otlier educational

institutions in tlie advancement of engineering education.

(h) to promote intercourse between engineers and members
of allied professions.

(i) to co-operate with other societies for the advancement
of mutual or national interests.

(j) to encourage original research, and the study, develop-

ment and conservation of the resources of Canada.

The National Body shall represent the profession in national

and international matters when such representation is de-
sirable, it being recognized at ali times that the opinions

and wishes of the Provincial Bodies shall be of prime im-
portance in forming policy for such representation.

It is proposed that the new National Body will render en-

larged services to its member engineers, through the carry-

ing-out of the following aims and objectives:

(k) to provide a fórum for the discussion of problems com-
mon to ali engineering bodies.

(1) to provide for the publication of a national Journal

and technical and professional papers and transactions.

(m) to act as a recognized national voice speaking on behalf

of ali tlie professional engineers of our countr>-.
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CONFEDERATION REPORT (conmued)

PART C

CLAUSE 2.

The significant word in this clause is "fuH" before the

word "membership". In essence this means that to be a

Member ( with a capital "M") of the National Body one

niust be a registered engineer.

Persons who are corporate menibers of the Institute on the

effective date of the agreement, if not then registered engi-

neers, will have a limited period (suggest five years) for

the privilege of becoming fiill Members. Every efíort should

be made to get such corporate members to register and
become full Members.

It is recognized that in some instances registration may
not be a legal requirement, particularly for persons who
have retired from engineering, and in others where a non-
Canadian is concerned it may not be possible to obtain

registration. Such persons need not be registered but their

membership in the National Body would be distinguished

from full Membership by a different membership classifi-

cation.

Special provisions and classiíications will be made for other

members of the National Body such as Honorary, Life, Re-

tired, non-resident in Canada, Students, etc. Further con-

sideration should be given to the voting rights of such

members.

CLAUSE 5.

This clause provides for the establishment of local branches

of the engineering profession in c-ommunities where re-

quired. It is understood that existing branches will con-

tinue their e.xistence under the new organization witíiout

going through prescribed formalities.

It is recommended that everj- effort be made to merge or

join together branches in any community where a brandi
of each organization exists at the time of confederation.

No specific provision is made in tlie joint annual fee for

financing tlie branches. It is recognized that some such pro-

vision is necessary. It is suggested that the provincial bodies,

when rendering the annual joint account for fees should in-

clude an item to cover branch membership.

CLAUSE 6.

It is understood that the National Body would publish a

national engineering joumal and in addition be responsible

for the publication of transactions. and such technical

papers as autliorized by the Council.

CLAUSE 3.

(a) "Representatives elected according to the membership
of the provincial bodies". This is interpreted to mean
that representatives shall be elected by the members
of the National Body within a province or territor>'.

(b) "Full membership of their province", is interpreted to

mean the members of the National Body vdthin the

province.

(c) "Such elections shall be conducted by the provincial

bodies". This phrase applies to the fírst election or ap-

pointment—subsequent elections would be held by the

National Body.

(d) Clause 3 effects a democratic compromise for the elec-

tion of the National council. It is designed to prevent

the council from being unduly swayed by an over-

balancing representatíon from any one province.

CLAUSE 4.

This clause is inserted to avoid any legal infringement by
the National Body on any provincial legislation.

CLAUSE 7.

In order to facilitate the organization and initial operation

of the new National Bod>'. the committee recommends that

the staff of tlie organization be housed in the existing Engi-

neering Institute of Canada building, on Mansfield St., in

the City of Montreal.

CLAUSE 8.

This assessment will be made on the lotai membership of

each provincial or territorial bod\'. and is in addition to the

provincial registration fee. This figure has been de\eloped

on the basis of the present number of registered engineei-s.

i.e. 32,000. It should be noted tliat it does not include any

provision for financial assistance to the branches.

This assessment will include a subscription to tlie national

journal. (The present subscription to tlie Engineering

Journal is $4.00 per year).
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CONFEDERATION REPORT

PART D

Implementation of the recommendations of the report of the committee
on confederation to

—

CANADIAN COUNCIL OF PROFESSIONAL ENGINEERS

SUGGESTED PROCEDURES

1. That this report be revievved and accepted by the Ex-
ecutive and council of the Canadian Council of Pro-

fessional Engineers.

2. That this report be forwarded to the constituent Counciis

of the Provinces—for acceptance. It is recognized that

procedures in ali provinces are not the same, i.e. Prov-

incial Counciis may act for some associations while others

may require reference to their membership.

3. That the Provincial Counciis be requested to give en-

abling authority, to the next Canadian Council of Pro-

fessional Engineers to proceed with the implementation
of the tenns of this report.

4. That such enabling authority, (para. 3.), be secured for

the early appointment and establishment of a national

provisional council to be known as "The Engineers

Confederation Commission".

The duties of the "Commission" to be as follows:

(a) to draw up a constitution, by-laws, and legal details

for the confederation of the Engineering Institute of

Canada and the Canadian Council of tlie Associations

and Corporation of Professional Engineers in con-

formity with the eight basic clauses laid down b>'

the joint committee. Part "C" of this report is in-

cluded as a guide to the Commission.

(b) The Commission will be bound by the terms of

Clauses 1 to 8 of Part "A" of tiiis report.

(c) The membership of the Commission to consist of a

chairman and a vice-chairman, to be appointed

iointly by the counciis of the Engineering Institute

of Canada and the Canadian Council of Professional

Engineers.

(d) It is also recommended that the menibers of the

commission be determined as follows:

Newfoundland, Prince Edward Island, Yukon Terri-

toríes

One member from each of these áreas to be ap-

pointed jointly by the provincial association council,

and the Engineering Institute councillors of the

branches within the provínce.

Nova Scotia, New Brunswick, Manítoba, Saskatche-

wan, Alberta, and British Columbia

One member to be appointed by the Council of

the Association within the province designated.

One member from each province to be appointed

by the Councillors of the branches of The Engi-

neering Institute of Canada in the province.

Quebec

Two members to be appointed by the Council of

the Corporation. Two members to be appointed

by the Councillors of the branches of the Engineer-

ing Institute of Canada in the province.

Ontário

Two members to be appointed by tlie Council of

the Association. Two members to be appointed b>-

the Councillors of the branches of the Engineering

Institute in the province.

It will be noted tliat for the purposes of the Commission,
tlie members are to be appointed rather than elected, and
that onl>- one Vice-Chairman is appointed.

Tlie Commission is to be appointed for a term of one year
—subject to extension or re-appointment for a further term,

not to exceed one year.

Upon the installation of the first council, regularh- con-
stituted, the "Commission" shall be dismissed.

The first regularly constituted council is to be elected and
appointed in accord with Clause 3—Part "A"—of this report.

Under this arrangement the "Note" at the end of Clause 3
—page 2—Part "A", becomes redundant and unnecessarj-

and should be disregarded.
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CONFEDERATION REPORT

PART E

Implementation of the recommendations of the report of the committee

on confederation for the council of—

THE ENGINEERING INSTITUTE OF CANADA.

SUGGESTED PROCEDURES

1. That this report be reviewed and accepted by the

Council of The Engineering Institute of Canada.

2. That after approval by the Coinicil the report be sub-

niitted to ali coriDorate members of the Institute with

the ballot which was approved by the Council at its

meeting in Toronto on January 31st, 1959, and accom-
panied by an appropriate covering letter from the

president.

3. On receipt of a favourable ballot, Council appoint its

representatives to the Engineers Confederation Com-
mission.

The duties of the Commission to be as foUows:

(a) To draw up a constitution, by-laws and legal details

for the confederation of the Engineering Institute

of Canada and the Canadian Council of the Associ-

ations and Corporation of Professional Engineers in

conformity with the eight basic clauses laid down
by the joint committee. Part "C" of this report is

included as a guide to the Commission.

(b) The Commission will be bound by the temis of

Clauses 1 to 8 of Part "A" of this report.

(c) The membership of the Commission to consist of a

chairman and a vice-chairman, to be appointed
jointly by the Councils of The Engineering Institute

of Canada and the Canadian Council of Professional
Engineers.

(d) It is also recommended that the members of the
Commission be detemiined as follows:

Newfoundland, Prince Edward Island, Yukon Terri-

tories

One member from each of these áreas to be ap-

pointed jointl>- b\' the provincial association council,

and the Engineering Institute councillors of the

branches wíthin the province.

Nova Scotia, New Brunswick, Manitoba, Saskalche-

wan, Alberta and British Columbia

One member to be appointed by the Council of

the Association within the province designated.

One member from each province to be appointed

by the Councillors of the branches of the Engineer-

ing Institute of Canada in the province.

Quebec

Two members to be appointed hy the Covmcil of

the Corporation. Two members to be appointed

by the Councillors of the branches of the Engineer-

ing Institute of Canada in the province.

Ontário

Two members to be appointed b> the Council of

die Association. Two members to Ix" appointed

by the Councillors of tlie branches of The Engi-

neering Institute of Canada in the province.

It will be noted that for the purposes of the Commission.

the members are to be appointed rather than elected and
that only one vice-chairman is appointed. The Commission
is to be appointed for a temi of one >"ear, subject to ex-

tension or re-appointment for a further tenn, not to exceed

one year. Upon the Installation of tlie first coimcil regiilarly

constituted, the Commission sliall be dismissed.

The first regularly constituted council is to be elected and
appointed in accord with Clause 3—part "A"—of this report.

Under this arrangement the "Note" at the end of Clause 3

—page 2—Part "A", becomes redundant and unneoessar\

and should be disregarded.
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Month to Month
News oj the Institute and the Profession

COMMENT

CORRESPONDENCE

ELECTIONS

AND TRANSFERS

Regional Conference, Sudbury

The first Northern Ontário Re-

gional Conference, held in Sudbury,

on April 25, gave the engineers of

this region the welcome oppoitunity

of meeting to hear discussions on the

engineering future of Canada in the

next twenty years.

With all the Northern Ontário

branches participating, and with an

invitation extended to all engineers

and their ladies, the attendance of

150 was gratifying to the very active

committee making arrangements for

this first-of-its-kind conference in this

region.

Consideration of Canada's future is

obviously of interest to engineers,

and it proved to be so as the tech-

nical meeting proceeded. Three
speakers dealt with three different

parts of the general picture:

Energy: Nuclear, Hydro-Electríc, Car-

bonaceous, Solar, J. L. Olsen, Cana-

dian General Electric Co., Kingston,

Ont.

Transportation: Land, Air, Water,

A. Lightbody, Assistant Manager of

Research, and A. L. Bingham, Cana-
dian Pacific Railways.

Defence, Maj. Gen. W. S. Macklin.

Mr. Olsen said that Canada's future

lies in atomic power. The full capa-
city of carbonaceous fuels has al-

most been realized. Electric power
has been utilized almost to capacity

in the highly industrialized áreas in

Southern Ontário and Quebec. Solar

energy is not sufficient in the north-

ern latitudes. The only workable .solu-

tion, in Mr. 01sen's opinion is produc-

tion of energy by fission, atomic
power. Every aspect is in Canada's

favour, he said.

General Macklin had some criticai

comment to make on Canada's de-

fence system. This was another

thought provoking session dealing

with the controversial defence de-

cisions of the past five years and the

necessary ones in the next twenty

years.

Dr. Garnet T. Page, general secre-

tary of the Engineering Institute,

spoke at the evening banquet on the

subject of Travelling in South Amer-
ica.

On the lighter side, there were
many opportunities for the delegates

to meet — at a luncheon, at the

reception and cocktail party, and at

the conference banquet. Climaxing

the day there was the informal con-

ference dance. The ladies accompany-
ing the delegates enjoyed themselves

immensely, with a program arranged

by Mrs. F. A. Orange.

Credit for the success of the meet-

ing is difficult to distribute. The sup-

port of so many members for this im-

portant project rewarded the efforts

of the committee.

W. B. Ibbotson is the Branch chair-

man at Sudbury. R. P. Crawford was
the conference chairman. Other mem-
bers in charge of conference services

were: W. J. Ripley, Jr., registration,

T. C. Robertson, program, F. deSte-

fano, welcome, R. H. Moore, speak-

ers and special guests, P. R. McAdam,
accommodation, F. Jackson, publicity.

Representatives of the other E.I.C.

branches on the committee were:

W. A. Hogg, Sault Ste. Marie, and

T. C. McNabb, North Bay. Notable

for their assistance were P. F. Adams,

C. A. MacMillan, F. G. Burchell, G.

Charlap, and E. T. Querney.

Participating in the Sudbury Meeting: A. L. Bingham Dr. Gamet T. Page (left), a guest speaker, with Ralph
(left), A. Lightbody, J. L. Olsen, Maj. Gen. W. S. Waddington of International Nickel, and F. A. Orange,
Macklin, and W. B. Ibbotson, branch chairman. E.I.C. councillor.
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E.I.C. Elections and Transfers Railway Engineering

A number of applications were present-
eei for consideration and on the recom-
metidation of the Admissions Committee,
the followins elections and transfers were
effected at a meeting of council in April
li)3!l

Member: H. Z. N. Argun, Toronto; E.
Bernhardt, Montreal; E. L. Bowerman,
Toronto; .1. H. Dyer. Bell Island. Nfld.;
J. K. Erskine, Montreal; H. L. Ferguson,
Montreal; G. Fournier, Rimouski; E. C.
Hale. Sturgeon Falis; J. W. Inglis, Van-
couver; E. J. Johnson, Preston; W. Kalb-
fleisch. Ottawa; L. R. Kidman, London,
Eng.; G. Koopmans, London, Ont.; D. I.

MacMurchy, Toronto; I. Mansell. Mont-
real; F. W. Patterson, Niagara Falis; M.
Reinbergs, Hamilton; M. Van Wijk. Ar-
vida; C. S. Wilfen, Toronto.

Júnior: R. J. Blake, Toronto; A. A. Bos-
cariol, Windsor; V. P. Despatis, Montreal;
R. D. Detwiler, Halifax; D. J. Dressel-
huizen. Montreal; P. A. Hanley, Montreal;
L. L. Hartford, North Bay; I. G. Holmes,
Toronto; J. F. Schultz, Shawinigan; J. G.
Spence, Kingston. Ont.

Affiliate: A. M. Hurley, Calgary.

Júnior lo Member: H. T. Floyd, Belleville;
H. L. Isabelle, Montreal; D. C. Johnston.
Ottawa; G. R. Leonard, Montreal; J. S. F,
Ma, Toronto; M. Mindess, Toronto; D. W.
Prendergast, Montreal; M. D. Robb, Edson,
Alta.; D. H. Shields, Downsview; S. W.
Shishakly, Montreal; R. R. Smith, Van-
couver; J. A. Stewart, Hull; R. A. Wil-
liams, Victoria.

Student to Member: C. J. Macfarlane,
Chalk River.

STUDENTS ADMITTED
University of Toronto: W. A. Adams, L. W.
Argue, B. L. Barrett, D. R. Bonis, A. G.
Carless, D. S. Davis, P. R. Ferris, G. A.
Harris, W. Katarvnczuk, R. G. Kraemer.
P. G. S. Large, J. S. McGavin. G. L. A.
Palinkas, A. Salumets. G. I. Tebbutt, J. D.
Wilcox, C. C. Wilson, S. Yanchula.

St. Francis Xavier University: E. L. F.
Anthony, R. G. Butler. F. Cianfaglione,
W. J. Eionovan, F. G. Doyle, J. H. George,
P. I. Hurley, J. C. Joannette, W. V. Ku-
kulki, M. A. Lafreniere. E. J. Poirier,
P. E. Smith.

Acadia University: M. R. Bacon, R. M.
Chown, D. E. Cushing, C. G. Hatfield.
H. B. Hatt, M. Hon, A. R. McLaughlin.
J. H. Oyler, J. I. Paul, C. W. Ploeg.
K. C. Woo, C. E. Zwicker.

University of British Columbia: E. I. Dick-
son, R. E. Elcox, D. O. Haaheim, D. K.
Holzman, G. E. Massey, M. A. Merlo.

University of New Brunswick: J. D. EUi-
son, W. J. Evans, D. M. Goss.

University of Alberta: B. A. Ellis, A. D.
Turnbull.

McMaster University: H. J. Co.x, F. A.
Holik.

University of Western Ontário: S. G. Ken-
nedy. F. J. Myslik, J. D. Ort.

Queen's University: L. S. Norman.

University of Sherbrooke: J. G. Bergeron.

Sir Geo. Williams CoUeqe: P. Hawryluk.

University of Illinois: D. M. Shah.

University of Toronto: R. W. Millen.

A.P.E.B.C.: A. Canning.

Applications through As.sociations

By virtue of the co-operative agree-
ments between the Institute and the Asso-
ciations the following elections and trans-
fers have become effective:

ALBERTA
Member: P. F. Proctor.

SASKATCHEWAN
Members: N. R. Dunne, W. J. Harper,
T. C. Morgan, O. J. E. Wilson; Júnior:
D. M. Kent; Júnior to Member: R. L.

Frederick, J. W. Lukey, J. R. Mutch,
J. H. Tims; Student to Júnior: R. H.
Billings, D. G. Bishop, A. D. Carlson.
H. R. Daniel, H. G. Gilchrist, W. F.
Maguire, E.C. Sherwin, J. J. Syrnyk;
Students: J. A. Colgan, M. D. Glazier,
E. D. Lidfors.

NOVA SCOTIA
Members: C. C. R. Bell, J. F. Lindsay,
C. F. MacNeil; Júnior lo Member: H. W.
Doane, R. N. Robertson, R. P. Whalen,
K. D. Tuddenham.

MANITOBA
Member: S. C. Roberts.

The 850 delegates who attended

the national conference on education

lield in Ottawa in February 1958

resolved that the conference organiza-

tion should be maintained to work

for the objectives outhned at that

time. During its first year this organ-

ization has been chiefly occupied with

detennining the degree of public

suppoit for a widespread, completeh'

voluntary effort; with a suitable

organization structure; and finally

with aims and objectives and a pio-

grani.

The C.CE. was cieated to bring

laynien and edncators together for an

exchange of inforniation and ideas at

a time of crisis in education. Its pur-

pose is to stimulate constructive

pubhc support for education in

Canada.

Conference Widely Supported

Representatives of both Fiench and
Enghsh hinguage groups—organized

labour, business and industry, educa-

tion, agricultine, women's associa-

tions and many other segments of

society—direct the work of tlie Con-

ference. The sponsors are 51 national

organizations, representing some five

million people. Canadian business and
industry has contributed some

The Institution of Civil Engineers,

London, England, is now publishing

monthly a pubhcation entitled "Rail-

way Engineering Abstracts". The
civil, mechanical and electrical as-

pects of railway and other engineer-

ing are covered. The ordinary rate

of subscription is £2. a year for 12

issues post free. Cost of single copies

is 4s. Od., post free.

$40,000 in the past \ear at the in-

\'itation of a finance committee

headed by Mr. W. E. Williams,

president of Procter and Gamble
Company of Canada Limited. Daily

and weekly newspapers. magazines,

the C.B.C., private radio and tele-

vision stations, the National Film

Boaixl, and those in the field of ad-

vertising have given assistance. As a

resnlt of a major ad\-ertising cam-

paign 50,000 copies of the booklet

"Crossroads" have been distiibuted

during the year.

Aims

The Conference recognizes that re-

sponsibilit)" for education lies at the

provincial and comniunit>- leveis, and

its general report and progi^am, issued

in March, indicates that most C.C.E.

acti\'it\ will take place at these lexels.

The program will be re\ ie\\ ed annu-

alh to ensure that the work reflecte

the changing needs of the nation and

to endeavour to measure Canada's ed-

ucational progiess against those needs.

This program is based on the follow-

ing beliefs:

1. That con.structive public debate

and wide dissemination of in-

forniation about educdtion will

contribute materially to the pub-

Advertising the Engineer

Our April issue announced the first

winners of certificates which The En-

gineering Institute of Canada now
offers monthly for the best advertise-

ment in The Engineering Journal. We
confidently leave it to the independ-

ent judges to decide on the relative

merits of advertisements directed to

engineers in their own Journal. Mean-
while advertising addressed to other

readerships is of prime importance to

engineers when it has the opportunit>"

to reílect their status in the commun-
ity. That a well-conceived advertise-

ment can serve our profession in this

way has been admirably demon-

strated by a number of prominent ad-

vertisers including General Electric,

General Motors and Honeywell Con-

trols. Among the advertisements

that have recently been appearing in

various Canadian publications the

Honeywell Controls series, "Look to

the Engineer", is especially com-

mended. It is hoped that this trend

in adxertising will be encouraged by

ali who seek adequate recognition for

the engineer's part in Canadian dex el-

opment.

The Canadian Conference on Education

Issues a General Report and Program
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THE ENGINEERING INSTITUTE OF CANADA

OFFICERS 1958-1959

MEMBERS OF COUNCIL

President

J. J. Hanna, Calgary, Alberta

Past-Presidents

V. A. McKillop, London C. M. Anson, Sydney K. F. Tupper, Toronto

Vice-Presidents

Until May, 1961 Until May, 1960

C. V. Antenbring, Winnipeg (ohn B. Angel, St. John's, Nfld.

R. B. Chandler, Fort Arthur E. T. Buchanan, Grand'Mere
F. L. Lawton, Montreal H. G. Conn, Kingston

Councillors

lie support necessary to the

solution of the problems faeing

Canada's educators.

2. That everyone should have the

opportunity to obtain the edu-

cation he wants and needs with-

in the limits of personal apti-

tude and ability.

3. That an essential responsibility

of the citizen is to demand
highly capable people to carry

on the work of education and
educational administration, and
to provide them with proper

buildings and facilities, so that

they may use their professional

training and ability to the best

advantage of the community.

4. That Canadians, conscious of

the vastness of their country,

should work toward the elimin-

ation of the penalty which
geography often places on edu-

cation opportunity of those

who live in rural and remote

áreas.

Trained Teachers

The Conference will therefore work
to ensure that all teachers reccive

adequate training and prestige in the

community, with commensurate sal-

ary leveis and financial assistance for

those in basic or advanced training.

It will also seek improved conditions

for rural teachers.

Adequate Buildings and Equipment

Eíforts will be made to co-ordinate

school site planning with other muni-
cipal planning, and to bring the stu-

dent's technical equipment into line

with that which he will use in earn-

ing his living.

Improved facilities will be sought

for rural schools, and the advantages

of wider use of educational television

explored.

A Fuller Education

The Conference will also work for

the introduction of English or French
as a second language in elementary

grades at as early an age as possible

and for continued education to be

made available to all who have the

desire and capacity for it. It will seek

the assurance that outstanding pupils

in primary and secondary schools are

encouraged to proceed to universities

or Professional schools.

More Money for Education

Other objectives in the program are

the spending of a larger proportion

of our national income on education,

the provision of more scholarships,

loans and bursaries and the expansion

of research into all leveis of educa-

tion.

Representing Sister Societies

M. L. Baker, Halifax, N.S.

B. Chappell, Winnipeg, Man.
VV. F. Hayes, Prince Albert, Sask.

K. W. Mitchell, Calgary, Alta.

VVm. J. Riley, Rosemere, Que.
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U)itil ]une, 1962

Hector Chaput, Ottawa, Ont.
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P. W. Goocli, Montreal, Que.

J. E. Hurtubise, Montreal, Que.
R. Harvey Self, Toronto, Ont.

Until May, 1961
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S. B. Cassidy, Fredericton, N.B.
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E. R. Davis, Toronto, Ont.
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A. L. Furanna, London, Ont.
H. A. Gadd, Cobourg, Ont.
E. D. Gray-Donald, Montreal, Que.
N. Gritzuk, Whitehorse, Y.T.
H. N. Hatfiekl, Penticton, B.C.
T. C. Higginson, Saint John, N.B.
A. D. Tanitsch, Belleville, Ont.
Viggo Jepsen, Grand'Mere, Que.
D. B. McKillop, Fort William, Ont.

J. R. Menard, Rimouski, Que
J. W. Millar, North Bay, Ont.

Charles Miller, Baie Comeau, Que.
A. S. Mitchell, Lennoxville, Que.
W. G. Mitchell, Walkerville, Ont.
B. M. Monaghan, Seven Islands,

Que.
T. H. Newton, Edmonton, Alta.

F. A. Orange, Sudbury, Ont.

J. E. Leo Roy, Montreal, Que.
A. B. Sinclair, Kenogami, Que.
L. L. Spurr, Sackville, N.B.
N. F. Stewart, Chariottetown, P.E.I.

1. S. Waddington, Brockville, Ont.
R. D. T. Wickwire, Halifax, N.S.

Until May, 1960

E. T. W. Bailey, Hamilton, Ont.
Ben O. Baker, Quebec, Que.
Wm. M. Berry, Regina, Sask.

J. H. Budden, Montreal, Que.
P. E. Buss, Thorold, Ont.

M. R. Campbell, Sydney, N.S.

E. L. Cavana, Orillia, Ont.

F. M. Cazalet, Vancouver, B.C.
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G. E. Franklin, Moncton, N.B.

N. M. Hall, Winnipeg, Nlan.

S. 1. Hampton, Edmonton, Alta.

Wm. S. Hosking, Bathurst, N.B.
A. A. Kidd, Cochrane, Ont.
R. A. McGeachy, Sarnia, Ont.
H. E. Meadd, Cornwall, Ont.
R. S. Morrow, New Glasgow, N.S.

P. F. Peele, Peterborough, Ont.
W. B. Pennock, Ottawa, Ont.
L. 1. R. Sanders, Galt, Ont.
T. b. Stanley, Calgaiy, Alta.

G. F. Vail, Halifax, N.S.

M. P. Whelen, Toronto, Ont.

A. McD. Wilson, Sault Ste. Marie,

Ont.
R. B. Winsor, Montreal, Que.

General Secretary

Garnet T. Page, Montreal

Treasurer

Director of Administrative Services Director of Technical Services
E. C. Luke, Montreal J. H. Legere, Montreal

Controller

Clyde B. Short

Eastern Field Office Western Field Secretar>'

160 Eglinton Ave. E., Toronto 12 A.C.M. Davy, 1277 \V est 33rd A\
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

ALBERTA
Annual Meeting

The Association of Professional Engi-

neers of Alberta held their 1959 annual

meeting April 3-4 at tlie Palliser Hotel

in Calgary.

Elected as officers at the time were
C. A. Stollery, president; D. C. Jones,

vice-president; Dr. G. W. Govier, past-

president; councillors elected were Dr.

R. N. McMamis, W. D. Stothert, J. C.

Scott, R. D. Hall, N. T- Allison," Dr.

George Ford, W. A. Smith, B. F. WiU-
son, P. M. Butler, F. A. Kidd, Dr. J.

Spivak, W. D. Suitor, J. G. Dale, K. W.
Mitchell, and L. A. Thorssen.

I. G. Finlay was elected registrar and

J. F. McDougall, deputy registrar.

Dr. Gerald W. Johnson, giiest speaker

at the meeting, declared the feasibility

of thermo and nuclear explosions for

use in peacetime industry. He dispelled

the fear of radioactive fallout surround-
ing such nuclear explosions through
charts, slides and films of recent tests

conducted at the Nevada jiroving

grounds, where radio activity is cap-
tured and held underground or dissi-

pated through the use of minerais.

Two projects Dr. Johnson hopes to

see the Canadian government allow to

go ahead are the production of a low
viscosity oil from the Athabasca tar sands
and the clearing of a channel harbour
to be blasted out of solid rock near
Cape Thompson in Alaska.

Two $200 bursary awards were pre-

sented by President Dr. G. W. Govier
to University of Alberta students H. W.
Webb and J. A. Allen for having
achieved highest standing in their first

year of engineering.

ONTÁRIO

C. T. Carson Addresses Meeting

If Canadian-made goods are to com-
pete successfully in world markets with
those produced in Europe and Asia, we
must continue to increase productivity

and at the same time, maintain higli

standards of quality, some 400 profes-

sional engineers were told reccntly.

Addressing a special regional meeting
of engineers, C. T. Carson, P.Eng., of

Windsor, Ont., past president of the

Association of Professional Engineers of

Ontário, said the professional engineer

had an important role to play in meet-

ing this challenge.

"In large degree, responsibility for

production standards, efficiency, qual-

ity control and unit cost must be as-

sumed by engineers," he told his aud-

ience. He added that new machinerj',

automated procedures. product design,

plant layout and other developments

which would contribute to increased ef-

ficiency lay in the engineer's domain.

"Unfortunately, we are not blessed

with the density of population to pro-

vide a domestic-market profit cushion,

and to reduce unit costs as are our in-

dustrial neighbours and competitors to

the south," he stated.

"Also, we don*t have skilled trades-

men willing to work at one-third the

Canadian wage scale such as some of

our competitors in Europe, not to men-
tion one-tenth the Canadian wage scale

paid to workers by the Japanese indus-

trialist."

Mr. Carson warned that in the years

ahead, Canada must overhaul its econ-

omy. He noted tliat in 1958, the Cana-
dian standard of living declined for the

first time in recent years.

"While wages were going up 1.8 per

cent, prices increased 2.6 per cent. Gross

National Product set an all-time record,

but in the midst of the productive glow,

half a million people were unemployed,"
he declared.

Mr. Carson said the manufactured
goods increment must continue to gain

"if we are to have any measure of full

employment and general prosperity".

Referring to engineering imiversities,

he said there was a growing need for

quality rather than quantity in graduat-

ing classes, and noted that in recent

years, the number of schools teaching

engineering had increased to nine.

He called for elimination of "engi-

neering wastage" where professional en-

gineers are employed in sub-professional

jobs. And he pointed out that the in-

creased emphasis on productivit>- would
help in solving the problem.

Secretary Treasurcr Appointed

David L. Turner, of Toronto, has

been appointed secretary-treasurer of the

Association of Professional Engineers of

Ontário.

Mr. Turner, a nati\c of \'ancou\er.

was formerly with Avto Aircraft Co.

where he was employed as a sénior stress

engineer. A graduate in aeronautical en-

gineering from the University of Toronto^

he served in \\'orld Wnr 11 as a pilot

in the RAF Coastal Command.
Mr. Turner brings to his new posi-

tion, fi\e years of APEO committee work.

having ser\'ed on the company groups

committee and the engineering tech-

nicians program. He sers ed on the latter's

certification board since íts inception by
the Association tliree years ago.

Certification of Technicians

The certification program for engineer-

ing technicians and technologists origin-

ated by the Association of Professional

Engineers of Ontário in June, 1957, is

now being adopted b>' the United States,

it was announced recently by T. M.
Medland, executive director of tlie

A.P.E.O.

The National Society of Professional

Engineers in Washington, D.C., has

recommended to ali of the state societies

that they adopt the Ontário program.

The only revision in die program would

be made to fit U.S. standards of educa-

tion.

Already the Wisconsin Societ>- of Pro-

fessional Engineers has announced it was

immediately adopting tlie program. It

is expected that oúier state societies will

follow.

The A.P.E.O. was the first engineer-

ing bod>- to set up a plan whereb\- engin-

eering technicians are graded according

to their training and experience into four

categories. There are tliree grades of

technicians and one of technologists.

The certification progiam was based

upon the belicf that it would encourage

technicians to progress through the four

grades to top proficiency, and would

also serve as a means of defining the up-

grading of technical emplox ees.

"Technicians and technologists play

a \ aluable role in engineering hy assum-

ing many of the non-professional duties

of an engineer, thus permitting the lat-

ter to concentrate on full-timo profes-

sional work," says Dr. Gco. B. Langford.

P.Eng., Toronto chainiian of the certifi-

cation board.

At presont there are bctween 900 and

1,000 ccrtified engineering technicians

and technologists in Ontário with ct^rtifi-

c.ttion being carried out at the rate of

7.'> new mcmbers por month.
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OBITUARIES
The sympathij of the Institute is extended to the relatives

of those tohose passing is recorded here.

W. R. Stickney, m.e.i.c. died on March

4, 1959 at Toronto.

Born on December 1, 1911 in Elora,

Ontário, he graduated from the University

of Toronto in 1936 with a B.A.Sc, de-

gree in chemistry later serving witli

Canadian Bridge Co. Ltd., Walkerville

and Canadian Vickers Ltd., Montreal.

For the past 12 years he had been

chief welding engineer of the Canadian
Welding Bureau.

N. J. A. Vermette, m.e.i.c. died on April

24, 1959.

Mr. Vermette was educated in Mont-
real where he attended the College

Ste Marie and the Ecole Polytechnique.

From 1922 until 1927 he worked with

the technical services department of the

City of Montreal.

In 1927 he was named manager of the

City of Shawinigan and in 1939 until

his death was a civil engineer in charge

of the provincial roads department sur-

vey division for Western Quebec.
He was active in youth organizations

and from 1955 until this year was presi-

dent of Verdun School Commission.

Thomas Maxwell Fyshe, civil engineer

in mining promotions, died recently at

his home in Toronto.

Born in Halifax, he received his edu-
cation in Germany and McGill University

where he graduated in science in 1905.

In 1940 he came to Toronto and was
with the Nesbitt and Thomson Company
Ltd., investment house in Montreal for

a number of years. During the Second
World War he was assistant to the oil

controller for the Wartime Priccs and
Trades Board. For the past several years

he had been with Brewis and White Ltd.,

Toronto mining securities firm.

He was a director of New Dickenson
Mines.

William D. Neeland, m.e.i.c. died in

October, 1958.

Born on May 21, 1912 in Moose Jaw,
Sask. he graduated from McGill Univer-
sity in 1935 with a degree in geology
and chemistry.

In 1929 he ioined the Northern De-
velopment Company in Fort William,
Ont. as chainman.

After working in various mining com-
panies in Canada he joined the Royai
Canadian Navy as Lieutenant from 1942
to 1945, returning as geologist with
Kennco Explorations Ltd. in Toronto.

Mr. Neeland was consiilting geologist

and inspector of mines stationed at Flin

Flon with the Department of Natural
Resources in Saskatchcwan and was best

known in the mining world for his ex-

ploration and outline of the Steep Rock
iron ore body.

H. B. Henderson, m.e.i.c. retired presi-

dent of Cowin & Company Limited

died on March 3, 1959.

Mr. Henderson who resided in Win-
nipeg from 1914 to 1957 was born in

New York and graduated in engineering

from Cornell University in 1894. He re-

ceived his master's degree in mechanical
engineering from MIT in 1896.

He was well known in the construc-

tion industry in western Canada and
was a member of the American Society

of Civil Engineers.

Arthur Edward McNicoll, m.e.i.c. died

on October 11, 1958.

Mr. McNicoll was born in England on
August 12, 1892 receiving his education

at Royai Masonic School and the Mont-
real Technical school.

In 1916 he joined the Dominion Bridge
Company Limited where was until the

time of his death as design & general

engineer for the company.
He was well known for the design of

steelwork for many buildings in Montreal,

John H. Lapp, m.e.i.c. died on February

20, 1959.

Born on November 28, 1914 in Lin-

coln, Nebraska he graduated from the

University of Nebraska in 1939 with his

degree of Bachelor of Arts & Science in

geology.

In 1940 he joined the Texas Company,
Oklahoma City, Okla. as geologist.

In 1944 until 1954 he worked with

various oil corporations in Canada and
the United States.

He joined the Stanolind Oil & Gas
Co., Regina, Sask. in 1955 where he was
consultant geologist.

W. I. Elliott, M.E.I.C. died in December
1958.

Born on November 18, 1898 in Nova
Scotia he graduated from Dalhousie
University in 1923 with a degree in

mechanical and civil engineering follow-

ing which he joined the Canadian General
Electric Company in Lynn Mass.

From 1926 to 1928 he worked with
Byrne Mfg. Co. in Cleveland, Ohio and
the Grazelli Chemical Company as drafts-

man.
In 1928 he joined Fraser Brace En-

gineering Company in Montreal where
he was in charge of installing machinery
and pipelines at the International Paper
Company's plant at Three Rivers and
worked on various railway projects until

1938.

Egon Alzner, m.e.i.c died on February

28, 19.59.

Born in Roniania on October 21, 1905,

he attended teclinical university in Berlin

graduating in 1928 with a degree in

mechanical engineering.

From 1929 to 1939 he worked witli

the Shell Oil Refinery in Romania.

In 1939 he was sent by Shell Oil Re-

finery on a special training trip to the

United States, returning one year later to

Romania where he was made technical

manager for Shell Oil Refinery at H.Q.

Campina.
From 1945 to 1949 he was mechanical

engineer with the MiUtary Government,

Germany.
From 1950 until the time of his

death Mr. Alzner was with Canadian

Vickers Ltd., in Montreal where he was
named chief estimator for the company
in 1955.

Frederick Reginald Sharman, m.e.i.c died

on April 7, 1959.

Born on March 7, 1894 in Swindon,

England, he graduated from Swindon

& Wilts Technical Institute in mechanical

engineering and from 1914 to 1919

served a mechanical engineering ap-

prenticeship with the Great Western

Railway.

After serving with the British Exped-

itionary Force in World War I, he spent

the early years of his career working for

the various railway projects.

From 1941 to 1946 he worked for the

inspection board of U.K. & Canada as

deputy inspector of Artillery Carriages

and A. A. Mountings later being trans-

ferred to the British Admiralty Tech-

nical Mission as deputy inspector of

Naval Ordinance. At the end of World
War II, he was appointed chief district

inspector to the contracts settlement

board.

From 1946 to 1947 he joined the

Waterloo Mfg. Co. handling technical

sales of automatic oil fired boilers leaving

there to work for the Aluminum Company
of Canada as mechanical engineer to

Demerara Bauxite Co. in British Guiana
for the following two years.

Returning to Canada he was engaged
by Canadian Car & Foundry Co. Ltd.

in the engineering department frOm
1949 to 1950.

In 1950 he joined the Canadian Inter-

national Paper Company as mechanical
superintendent, Kipawa Mill.

J. Cecil McDougall, m.e.i.c died sud-

"denly on April 20, 1959.

Born in Three Rivers, Que. he gradu-

ated from McGill University in archi-

tecture and engineering and was a re-

presentative of McGill on the Montreal
City Council.

He was president of the Province of

Quebec Association of Architectures in

1926 and a member of Sir George
Etienne Cartier Corporation.

At the time of his death he was con-

sultant to the firm of Fleming & Smith,

architects, where he had been a partner

in the firm for a number of > ears.
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V'. A. M Robertson, m.e.i.c. of Sir Wil-

liam Halcrow & Partners, Consulting

Engineers, has retired from the paitner-

sliip but will reniain as a consultant to

tlic fíriii.

A. G. Asplin, M.E.I.C. (B.Eng. civil., Mc-
Gill 1938) has been appointed president

of Horton Steel Works, Limited, Toronto,

Ont.

W. K. Gvvyer, iM.e.i.c. (B.A.Sc., civil.,

British Columbia, 1936) has become as-

sistant general manager of the West
Kootenay Power and Light Company,
Trail, b'c.

A. G. Asplin, W. K. Gwyer,
M.E.I.C. M.E.I.C.

R. L. Weidon, m.e.i.c. (B.Sc, M.Sc,
mech., McGill, 1917, 1920) has retired as

president of Bathurst Power & Paper

Company Limited, Montreal. He has

been elected chairman of the board to

the company.

C. W. West, M.E.I.C. (B.A.Sc., Toronto,

1915) has retired from the post of mem-
ber of The St. Lawrence Scaway Auth-

ority.

Colin B. McMillan, m.e.i.c. (B.Sc, civil,

Queen's, 1936) has opened his own office

as a Consulting engineer in Montreal.

William A. Williamson, m.e.i.c. (B.A.Sc.,

elec, Toronto, 1934) is an engineer, with

N.B. Electric Power Commission, Fred-

ericton, \.B.

R. L. Weidon, F. W. Cranston,
M.E.I.C. M.E.I.C.

Colin B. McMillan, C. Arthur Miller,

M.E.I.C. M.E.I.C.

F. W. Cranston, m.e.i.c. (B.Sc, mech..

Queen's 19.36) has been appointed vice-

president of Industrial Advertising

Agency Ltd, Toronto.

A. H. Mingail, m.e.i.c. (B.Eng., elec,

Calcutta, 1942) has joined the Canadian

Broadcasting Corporation in Toronto as

an engineer in the network operations

department.

A. E. Beazely, m.e.i.c. of Underwood
McLellan and Associates Limited has

been transferred from Calgary, Alberta

to Saskatoon, Saskatchewan as engineer

for the company.

Glenn H. Curtiss, m.e.i.c. (Masters de-

gree in Business Administration, Toronto,

civil, 1948, 19.50) is now Vice-President

of Stone & Webster Canada Limited,

Toronto, Ont.

John F. Miles, m.e.i.c. (B.Sc, chem..

Quecn's, 1948) has been appointed assist-

ant to the general superintendent of the

Dominion Iron and Steel division of Dom-
inion Steel and Coal Corporation Limi-

ted, Sydney, N.S.

W. Ralph Lewis, m.e.i.c. (B.Sc, B.A.Sc,

elec, 1941, 1947) was appointed chief

electrical engineer, Dominion Iron and

Steel division, of Dosco, Sydney, N.S.

Robert Bezanson, m.e.i.c. (B.Sc, B.Eng.,

1948, 1951) has been appointed mechani-

cal and construction superintendent of

the Seaboard Power Corporation Limited,

Sydney, N.S.

John J. Laffin, m.e.i.c. (B.Eng., elec,

Nova Scotia, 1947) has l^een appointed

electrical engineer for coal operations of

Dominion Steel & Coal Corporation

Limited in Sydney, N.S.

H. C. Maitland, m.e.i.c. has been ap-

pointed assistant chief engineer of the

Dominion Iron & Steel Division, Dom-
inion Steel & Coal Corporation Limited,

Sydney, N.S.

W. G. Ward, Anton A. Goldes,
M.E.I.C. M.e.i.c

W. G. Ward, m.e.i.c. (B.Eng., elec, Mc-
Gill 1942) has been appointed general

manager, apparatus department, with

Canadian General Electric Compan>'
Limited, Peterborough, Ont.

Anton A. Goldes, m.e.i.c. (B.Sc, civil,

\\'aterstrand) fomierly chief engineer

witii the Toronto firm of Yolles & As-

sociates announces the establishment of

A. A. Goldes & Associates, consulting

engineers, Toronto, Ont.

H. Soloninka, J. B. Mantle.
M.E.I.C. m.e.i.c.

C. Arthur Miller, m.e.i.c. (B.A.Sc, mech.,

Toronto 1936) supervisor of cost studies.

scheduling and standards, engineering

department of Canadian Industries Limi-

ted, has been elected president of the

American Association of Cost Engineers.

New Hampshire.

H. Soloninka, m.e.i.c. (B.Sc. civil..

Queen's 1951) has become manager of

Haddin, Davis & Brown (Saskatchewan)

Limited, Consulting Engineers.

J. B. Mantle, m.e.i.c, (B.E. mech.. Sas-

katchewan, 1941, M.Sc, mech., Illinois,

1947) professor and head of the Depart-

ment of Mechanical Engineering at the

Jni\ ersity of Saskatchewan is the chair-

man of the Saskatche\\ an Branch of tlie

Institute.

Paul Riemer, m.e.i.c. (B.Sc, civil, Sas-

katclieuan, 1947) assistant profes.sor of

ci\il engineering at the Universit>- of

Saskatchewan has been elected chairman

of the Saskatoon Section, E.I.C.

J. J. Schaeffer, m.e.i.c (B.Sc, civil, Sas-

katchewan, 1946) is chairman for tlie

Moose Jaw Section of the In.stitute. Mr.

Schaeffer is with Underwood. McLollan

6c .\ssociates, at Moose Jaw.

R. J. Genereux, m.e.i.c. (B.Sc, M.Sc,

civil, Saskatchewan, 1951, 1954) plan-

ning engineer with the Saskatchewan

Department of Highways at Regina, has

been elected chairman of the Regina

Section, E.I.C.
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3trang 'meets ' Pandjiris in Toronto

It's a daily encounter, as Kent Strang, a welding operator at our Toronto plant

gets down to work with the highly eííicient and versatile Pandjiris automatic

welding manipulator, a portion oí which is seen in operation above.

Both Strang and Pandjiris are "tops" in their respective

fields — for in Toronto, as in 13 other Dominion Bridge

plants from coast-to-coast, skilled operators work with

up-to-date equipment oí many types in the production oí high

quality platework íor almost every Canadian industry.

Your inquiries will receive prompt attention at any

the plants listed below.

of

DOMINION BRIDGE COMPANY LIMITED. Plants: MONTREAL • OTTAWA
TORONTO . SAULT STE. MARIE . WINNIPEG • CALGARY. EDMONTON
VANCOUVER. Assoe. Company Plants: AMHERST, N.S.: Robb Engineering
Wks., Ltd. QUEBEC: Eastern Canada Steel & Iron Wks. Ltd. WINNIPEG:
Manitoba Bridge & Eng. Wks., Ltd. Divisions: Platework • Warehouse •

Boiler • Structural • Mechanical.

Platework by DOMINION BRIDGE



• PERSONALS

Dr. L. Austin NVright, iion. m.e.i.c, was
i>loc-tcd prcsidcnt of tlic (^)iichi'C Division

of the Canadian Artluitis aml Rliciinia-

tism Socioty, of wliicli lie lias liocn vice-

pri-sidcnt for foiír \cars. Also l)r. Wriglil

has hci-n m-lccti-d prosiilciit of tlie Fointr

Cl.iin' Mfinorial Lihiar\- Associatioií.

J. B. MoiTOw, M.E.i.c. lias bcc n workiriu

since Jul> 1958 as an enjíinccr for tlic

National Sea Products Limited, Halifa\.

William A. Arseiiault, m.e.i.c. (B.E. civil,

Nova Scotia 1938) is now supervisins

constmction onginocr witli Qiichec Car-

tior Mining, in snpervision of railroad

fonstniction.

J. David Boulding, jr.e.i.c. (M.A.Sc.,

elcc, Britisli Columhia, 1959) is with the

Electronics Laboratory of the Defence
Research Telecommunications Establish-

ment of the Defence Research Board in

Chung-Yen Chang, Ross Salmon,
JR.E.I.C. JR.E.I.C.

Ottawa as a Defence Scientific Service

OÍBcer.

Chimg-Yen Chang, jr.e.i.c. (M.A.Sc.,

civil, Toronto 1957) is a design engi-

neer with the Hydro-Electric power com-
mission of Ontário, Toronto, Ont.

Ross Salmon, jr.e.i.c. (B.Sc, mech.,

Queen's 1956) is now research assistant

in the department of mechanical engi-

neering at Queen's Universit>", Kingston,

Ont.

Stanley W. Young, jr.e.i.c. (civil, Mc-
Gill, 1956) is located by H. G. Acres

Company Limited in Warsak Colony,

West Pakistan.

Walter Naumko, jr.e.i.c. (B.Sc, civil,

M.A.Sc., Manitoba, Toronto 1953, 1958)

has been named project engineer, engi-

neering division, with Hunting Technical
and Exploration Services Ltd., Toronto.

G. E. Blair, jr.e.i.c. (B.E., mech., Sas-

katche\^ an 1957) is now design engineer
with Beaver Engineering Co., Toronto.

Ont.

Frank Barna, jr.e.i.c. (B.Eng.. mech.,
(power & design) McGill, 1957) is now
a power and fuel engineer, Utilities div-

ision, with Edgar Thomson \\'orks (Brad-

dock) Pittsburgh district, a subsidiar>- of

United States Steel Corp.

M. G. Colvin, JR.E.I.C. (B.A.Sc., civil,

Toronto, 1951) chief engineer with the

Canadian Kellogg Company Limited has

been transferred to the compan>'s Pan
American branch in Me.Kico.

Charles W. Kingston, jr.e.i.c (B.S.c,

elec, Xew Brunswick, 1956) has been
transferred from HMCS Dock>ard Es-

quinialt to HMCS Crescent as electrical

officer.

John E. Little, jr.e.i.c. (B.Sc. mech.
Queen's 1957) is employed as an engi-

neer (development work in themio-

dynamics, heat transfer, fluid flow) witli

the English Electric Company Ltd.,

Atomic Power Department, Leicester,

England.

John A. Fuller, .\ustin A. Hills.

jr.e.i.c. jr.e.i.c.

John A. Fuller, jr.e.i.c. (B.A.Sc, moch..

Toronto 1948) was recenth- appointed

assistant general sales manager for Wor-
thington (Canada) Limited, Toronto.

Austin A. Hills, jr.e.i.c. (B.Sc. ph>-sics.,

Ouecn"s 1949) has Wcn named chief engi-

neer of the .\eronau tical Division of

Honewvcll Controls Limited, Toronto,

Ont.

DEVELOPMENT STUDIES

and REPORTS

Stone & Webster has designed

and built many plants for the

process industries — chemical,
petroleum, brcwing, tobacco, food,

pulp and paper, and a variety of

others.

Frequently the decision to

procced with thcse projects has

resulted from development studies

and reports made by Stone
& Webster. Factors normally
considered include markets,
plan>t Iqcation, raw material
supply, processing methods,
handling facilitics, Utilities and
transportation.

If you have a process problem,

put Stone & Webster'8 experience

to work for you.

STONE & WEBSTER
CANADA LIMITED

44 King Street West—Toronto 1

A9
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• PERSONALS

Edgar G. Hazle, jh.e.i.c. (B.Sc, mech.,

Queen's, 1948) is now with Ferranti-

Packard Electric Limited, Electronics

Division, Toronto, Ont.

E. W. Lucht, jB.E.i.c. (B.Sc, chem. Al-

berta 1954) formerly a developnient engi-

neer with the C.I.L. Ltd., at Edmonton
is now a process engineer with the com-

pany.

Frank John Forbes, jr.e.i.c. (B.A.Sc.,

mech., Toronto, 1957) is assistant hy-

draulic engineer with the Ontário De-
partment of Public Works, Toronto.

David G. McKay, jr.e.i.c. (B.Sc, mech.,

Manitoba, 1949) is a manufacturers agent

for Emco Ltd., on Vancouver Island,

servicing the commercial and industrial

field.

A. A. Williams, jr.e.i.c. (B.Eng., civil,

McGill, 1951) is the resident engineer

for H. H. L. Pratley on the Canadian
approaches of the Ogdensburg-Prescott

Bridge, Prescott, Ont.

Howard H. Wyatt, jr.e.i.c. (B.Eng., elec,

McGill. 1952) formerly of Montreal, has

joined G. M Gest Ltd., Toronto, as man-
ager of the Ontário electrical division.

John D. Brown, jr.e.i.c. (B.Eng., civil,

Nova Scotia, 1957) is a student at Im-
perial College, London, England, under
an Athlone Fellowship.

Gerard S. Lemire, jr.e.i.c. (B.A.Sc, civil,

Polytechnique, 1951) is a sales promotion
engineer with the Aluminum Company
of Canada, Montreal.

R. H. Reynolds, jr.e.i.c. (B.Sc, elec, Al-

berta 1951) of Babcock-Wilcox and
Goldie-McCulloch has been transferred

from Calgary to Vancouver as manager
of the Vancouver Brandi.

M. G. Colvin,
jr.e.i.c.

S. Lake,
JR.E.I.C.

F. I. Morton, JR.E.I.C. (B.Sc, Eng. Phys.,

Saskatchewan, 1949) is on leave of ab-

sence from his position with the Depart-
ment of Northern Affairs and National
Resources, on a Colombo Plan assign-

ment as a hydro developnient engineer
with the Central Electricity Board of

Malaya.

Gary N. Hesler, jr.e.i.c (B.A.Sc, eng.

& business administration) field engineer

with the Square "D" Company of Can-

ada Ltd., Montreal has been transferred

to the Company"s Ottawa office.

Eugene Motiuk, jr.e.i.c. (B.Sc, mech.

New Brunswick, 1957) is an engineer

with the Burlington Steel Co. Ltd. in

Hamilton, Ontário.

Jean Dupont, jr.e.i.c. (P.Eng., elec,

Montreal, 1956) is working for Leblanc

& Montpetit, Consulting Engineers,

Montreal, Que.

Gordon Dysart, jr.e.i.c. (B.Eng., elec,

McGill 1951) formerly of Donnacona,

Quebec is now electrical engineer with

the KVP Company Limited, Espanola,

Ont.

S. Lake, jr.e.i.c. (B.Eng., civil, McCilI

1955) has been appointed president and

director of Secant Construction Com-
pany, Montreal, Que.

Robert L. Blackie, s.e.i.c. (B.Eng., mech.,

McGill, 1963) formerly of Montreal is

now living in England.

Donald G. Delparte, jr.e.i.c. (B.Eng.,

civil, Saskatchewan 1958) has been ap-

pointed district engineer with the Sas-

katchewan Municipal Road Authority,

Saskatoon, Sask.

Jean-Claude Hebert, s.e.i.c. formerly

with the Canadian Broadcasting Corpor-

ation has left there to join a Consulting

Engineer Bureau in Montreal.

HEAVY CONSTRUCTION
ALL GALVANIZEI

with PRIME SURFACE COILS

In Evaporative

Condensers

it takes a

SPECIALIST

to make the best

KeepRite Heat Transfer Specialists are your one
sure source for the best in evaporative condensers

Ali Galvanized Construction—hot dipped fuUy galvanized steel components
are chromated, prime treated and finished with tough durable
vinyl paint for years of protection.

Heavy Gauge Paneis—ali paneis are 14 gauge cr heavier.

Prime Surface Colis—constructed of O.D. bare copper tubing for freon and
^4" hot dipped galvanized steel tube for ammonia.

Propeller Fans—units are available with propeller fans for a substantial

reduction in overall height. Centrifugal fans also available.

Proven Capocity—performance has been proven by years of successful

operation.

Wide Ronge of Sizes—available to 135 tons nominal capacity.

te PRODUCTS LTD.
Brantford Canada
A lOCo Conodion Compony

m
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(nows the breaking point

Knowing the performance ability of steei plate structures, BEFORE THEY ARE BUILT, is the key to quality

construction. This thoroughness of applied metallurgical research is why Horton fabricate the big and

unusual contracts, many of a 'first-time' nature in Canada.

Applied metallurgical research—the pretesting of metallic qualities and building procedures under criticai

conditions— is a vital phase of 'Horton creative craftsmanship in steel'. It is in the hands of

specialists.They work in a fully-equipped welding laboratory. Their uncompromising

philosophy is, 'Leave nothing to chance. Test thoroughiy ali factors of final performance by

simulating shop and field conditions prior to building the structure.'

The first step in 'knowing' is of a 'destructive' nature, testing base and welding materiais, such

as electrodes and flux. Breaking test weids under sub-zero temperatures on an impact

machine to determine whether the weld and base material is capable of absorbing

energy at low temperatures, is but one example. The result of this test—and

many others— is the setting of pre-determined standards.

As fabricaíion commences, quality control systems progressively examine ali phases of

construction, maintaining pre-determined standards. On the finished structure,'non-

destructive' tests such as radiography and others, are additional checks on quality. And,

as final proof of quality, the vessel or tank may be tested beyond its normal working pressure.

No expert can foretell the strength of steel plate just by looking. But Horton,

with their extensive facilities and skill, use ali techniques for finding out. Whatever your

requirements in steel plate—regardiess of future code or specifications—

Horton is ready to meet those demands— in new techniques, special

alloys and clad materiais. For information, or tenders, write our nearest office.

HSW-5913

HORTON
. MORIZONS .

WORKS LIMITED
CALGARY TORONTO MONTREAL
MAIN OFFICE AND PLANT FORT ERIE ONTÁRIO
WESTERN PLANT LETHBRIDGE ALBERTA
AGENTS • GORDON RUSSELL LTO VANCOUVER • MUMFORD MEDLAND LTO VVINNIPEG

TANKS AND STEEL PLATE
CHEMICAL PROCESS, MINING,

WORK FOR MUNICIPALITIES, PETROLEUM AND O I L,

PULP AND PAPER, AIRCRAFT . . . AND INDUSTRY AT LARGE
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NEWS OF THE BRANCHES

Activities of the Fifty Branches oí the Institute

and abstracts of the papers presented at their meetings

BAIE COMEAU
C. W. Scott, M.E.i.c, Corresjuindent

Casauas Atomk: Energy Procram was
discussed by W. J. Berinett, executive

\ice-prcsident and general nianager of

Canadian British Aluminiiim Company
Limited, at a meeting on April 29,

1959.

In the spcaker's opinion it would be
at least 25 years before atomic power
is líkely to siipersede hydro-electric

power economically in places like the
provínce of Quebec. This does not ex-

clude the use of atomic power as a

supplement to conventional sources of

power in the near future, particularly

where fuel transportation or transmis-

sion costs are high.

BELLEVILLE
D. A. Law, Jr.e.i.c, Correspondent

C. E. Carson, director of Imperial Oil,

Toronto, presented his ideas on Energy
and Progress on April 13, 1959 at the

branch annual meeting.

Mr. Carson said that Canada, now
traditionally known as a supplier of

raw materiais, is rapidly becoming an

industrial nation, with an increasing de-

mand for energy. With the power used

per capita in the U.S.A. based on 100,

Canada uses about 89% per capita,

which is 6 times the world average.

Projections have been made for 1980

at 2/2 times the 1957 consumption. Mr.

Carson also said that Canada has an

abundant fuel supply for the foresee-

able future.

Officers for 1959-60, elected at this

meeting are: chairman, W. C. Benger,

vice-chair., H. T. Floyd, secretary-treas-

urer, F. E. Moore, executive committee,
T. J. McGaid, D. A. Law, W. G. N.
Throop, E. Hilbig, V. L. Lewds, and
W. T. Caniff.

BORDER CITIES
R. L. Kennedy, m.e.i.c, Correspondent

The advantages of being an engixeer
were recounted at the meeting of

March 19, by A. W. F. McQueen, pres-

ident of the A.P.E.O., and president

of H. G. Acres & Co.

Mr. McQueen was introduced by
C. T. Carson, a classmate, and imme-
diate past president of A.P.E.O.

The L.A.W AKD ENGINEERS was tlie topic

which proved to be of great interest at

the meeting of April 16. As presented
by Judge Joseph A. Legris, judge of

Essex County, Windsor, tliis was a gen-
eral explanation of how the law affects

a citizen. It was liberally sprinkled witli

anecdotes and hmnour.

Judge Legris is also an engineer.

Burlington Steel Co., Ltd.

HAMILTON, CANADA.

At Border Cíties meeting: C. T. Carson,
A. W. F. McQueen, and Chairman J.

Earl Dvkeman.

CENTRAL BRITISH
COLUMBIA
A. F. Joplin. M.E.I.C, Correspondent

What the law is. and What You Can
Expect from a Lawyer was the siibject

covered at tlie May I, 1959 meeting.

Speaker was P. Van der Hoop, of the

law firm, Boyle, Aikens, 0'Brian & Co.,

Penticton.

The history of English law, and the

dcN-eloping of case law, were discussed.

Thcrc aro dutios placed upon the on-
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• BRANCH NEWS
gineer in the exercise of his skill and

knowledge, which the speaker de-

scribed, giving examples.

M. L. Wade reported to the meeting

on the plenary meeting held in Toronto.

He also reported on a visit to Chalk

River.

CHALK RIVER
C. E. Lawrence Hunt, jr.e.i.c,

Correspondent

President K. F. Tupper of the e.i.c.

visited this branch on April 24. He ad-

dressed the meeting on the recent trip

he and Dr. Page took to Rússia in an

attempt to arrange exchange of visits

between Russian and Canadian engi-

neers.

He gave his impressions of the engi-

neering training in Rússia and a brief

description of Hving conditions in Mos-
cow and Leningrad.

The NEW EXECtrrivE for the 1959-60

season have been confirmed. They are:

chairman, C. E. L. Hunt, sec.-treas., W.
O. Findlay, program chairman, A. H.
Wilson, membership, G. R. Fanjoy, and
district representative, J. S. Flavelle.

CORNWALL
H. S. Johnston, jr.e.i.c, Correspondent

Education in the u.s.s.r. was the subject

of a talk on April 15, 1959, by Alexei

S. Tovstogan, second secretary of the

Russian Embassy, Ottawa.

His audience of 92 was made up of

members, ladies, and representatives of

school boards, school inspectors and
principais.

PETERBOROUGH
J. G. Hooper, m. e.i.c, Correspondent

Leonard Marion was tlie speaker at the

meeting of February 10 on the subject

Hydro Electric Power Generation. Mr.
Marion is a specialist at Hydro Electric

Power Generation for Canadian General
Electric Co., Peterborough.

Mr. Marion said that at the end of

1957 the United States was the great-

est user of hydro-electric power in the

world, and Canada was second, using

15% of world total or 8 times the world
average. Of hydro and steam power
Canada was second highest user per

capita, following Norway and followed

by U.S.A. In recent years which have
seen a labour and materiais costs in-

crease of about 140 per cent, cost in-

crease of Canadian built generators was
60 per cent due to improved technology

and refinements. Reliability is important

to avoid outages and loss of revenue.

EASTERN TOWNSHIPS
Jean Bourassa, jr.e.i.c, Correspondent

Walter H. Treml, sales engineer,

Viditon Corporation, Ottawa, was the

speaker on April 17, 1959, his subject

being A Down to Earth Approach to

Aerial Photogrammetry.
He explained the difficulties encoun-

tered by the pioneers: relatively high

cost of chartering planes, exacting per-

formance required from cameras. Some

"Ef

ELECTRICAL

HOT SPOT
in your plant?
Chances are 1 in 3 that your plant will have an electrical fire

this year. Here's how to guard against it.

In a recent nationwide industrial survey, 29% of the reporting

plants had one or more electrical fires during the past two years.

Best protection against larger electrical fires? Install a fully-

automatic Kidde carbon dioxide fire extinguishing system.

Finest fire protection on the market today, Kidde systems

give you 24-hour-a-day protection, act quickly, dependably at

the first sign of fire. Kidde systems are pressure-operated, self-

contained — need no outside power. Visual indicators show if

system is "set" or "released." Ali parts can be tested without dis-

charging system. No parts to replace after operation or test. Ali

operating parts completely enclosed for safety. Fast, clean carbon

dioxide snuíís fire in seconds, then vanishes. Leaves no mess to

clean up later, can't harm electrical gear. For more information,

write for Kidde's Pressurized Systems booklet today.

Walter Kidde & Company
of Canada Ltd.

Montreal—Toronto—Vancouver

The words 'Kidde', 'Lux', 'Lux-O-Matic',

'Fyre-Freeze' and the Kidde seal are trademarks of Walter Kidde & Company, Inc.

_ n
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• BKANCH NEWS
.ipplic.itions i)f photo<;rammetry were
illiistratcil hy slides, as well as various
iiistrimu-nts.

A huttft supixT was scixcd to tlic

46 im'niliii> atlcncliu'^ tliis iiuTting.

EDMONTON
I. C l"inla\. M.E.i.c, Cones])otHlent

A NKw EXECUTUE was elected at die

anntial mceting of April 23. S. R. Sin-

clair, chairnian; J. Lontjwortli, vice-

chainnan; e.\cciiti\e menibers, C. H.

McFadyen, A. W. Peterson, B. A. Ellis,

D. B. Smith, I. G. Finlay, L. C. Moon,
G. A. McXeill, A. Sandilands; secretary-

treasurer. G. Hodge.

FREDERICTON
L. W. Sniidi, jR.E.i.c, Cortespoudent

TuiíEE STUDENTS from die University of

Xew Brunswick spoke at the meeting of

April 20. They were Paul Como, of civil

engineering, on Fredericton Traffic

Problems, Possible Solutions; Allistcr

MacLelland, of mechanical engineering,

on Spark Erosion in Metal Processing;

Paul Stewart, of electrical engineering,

on Automatic Railway Signalling.

Paul Stewart was chosen as the win-
ner of the speaking contest.

Election of brandi officers took place

at this meeting with the following re-

sults: chairman, W. L. Barrett; vice-

chairman, H. E. Marshall, secretary,

Eric Garland, treasurer, Carman Bliss,

committee, John Burrows, Tim Bliss,

and G. R. NlacLaughlin.

LAKEHEAD
G. O. Hansen, jr.e.i.c, Correspondent

Bh.mn storming techniques were dis-

cussed on April 29 by R. F. Howsan,
supervisor of industrial relations for the

Fort William plant of the Canadian Car
Corporation.

Brainstorming is a means of stimu-

lating thought and action on problems

that confront us. These methods have
been used to solve many problems. One
method is to assemble a small group of

six to eight persons, to whom the prob-

leni is accurately described. Each in-

dividual, after a minute's thought gives

liis idea of a solution. These ideas are

recorded and read back to the group,

from the lot a master suggestion is

adopted. The feeling of urgency in hav-

ing to come up with an idea within

a minute tends to overcome the fear of

m iking a ridiculous suggestion.

McGILL UNIVERSITY
R. D. Hatfield, s.e.i.c, Correspondent

Dr. K. F. Tupper, president of the

Engineering Institute spoke to some 300
students in a general meeting of the

McGill University Undergraduate Soci-

ety on February 27. Taking as bis sub-

ject, The Engineering Graduate, Dr.

Tupper emphasized the value of the

young engineer's personality and gen-

eral Outlook on life as factors in his

success in later life.

MONTREAL Júnior Section

B. Michel, jr.e.i.c, Correspondent

The annual meeting took place on
January 26. A review of the various

committees was given, and of special

interest were the results of a survey of

the wants and needs of the júnior mem-
bership.

A total of 403 answers were re-

ceived. Of diese, 33 per cent indicated

preference for technical lectures in the

member's own field, and 23 per cent a

preference for non-technical lectures.

Social activities were given second place.

Officers were elected, as foUows:

chairman, J- Dubuc, vice-chair., R.

\^'alker, sec-treasurer, B. Lamare, coun-

cillors, D. A. Jackson, D. Pollock, L.

H. Lafontaine, J. Tetreault, J. G. Gar-

neau, P. Arsenault, B. Michel.

A MEETING ox February 16 featured a

talk on Sporting Dogs by P. Ouimet
and B. Lapper. An excellent film illus-

trated training of dogs for hunting.

The Montreal-Laurekti.an autoroute
was discussed by A. O. Mathieu. on
March 16. Mr. Mathieu, chief engineer

of the Autoroute, gave technical infor-

mation and details of the operating or-

ganization of the autoroute.

Precision Engineering

I

Established to provide the high precision

gear assemblies required by the aircraft

industry, York Gears has built up an
organization unique on this continent.

Many major technical problems have
been solved by the speclalist engineers

at York Gears. Their experience can help

you when you need mechanical assem-
blies that must be exact.

YORK GEARS LIMITED
825 Caledónia Rd., Toronto 19, Ontário

118 THE ENGINEERING JOURNAL—JUNE, 1959



• BRANCH NEWS

Student Guidance

J. A. Randle, m.e.i.c, Corrcspondcnt

Two FORUMS are held eacli year linder

thc sponsorship of the student guidance

conimittee. One is for the English

speaking students and one for French
speaking students.

On February 12, at E.I.C. headquar-

ters, W. A. Marshall, m.e.i.c, spoke on

Careers in Engineering. On March 15,

at Ecole Polytechnique, Bernard Lacha-

pelle spoke on "Expose General sur la

profession d'Ingenieur". Mr. Marshall is

president of the Dominion Structural

Steel of Montreal and Mr. Lachapelle

is in charge of special services for the

Corporation of Professional Engineers

of Quebec.
At a question period, the students

are invited to question the speaker and
other engineers who join him for this

part of the meeting.

NIPISSING AND UPPER
OTTAWA
D. J. Thornton, s.e.i.c, Correspondent

The annual meeting of the brandi was
held on April 1.5, 1959.

These officers were elected for the

coniing year: chairman J. M. Rosbor-

ough, vice-chairman, T. H. Chapman,
e.xecutive committee: C. A. Hellstrom,

D. Cunningham, P. Rebin, H. Stani-

forth, D. VV. Briden, G. M. Goodreid.

DATES TO REMEMBER

AUGUST 11, 12, 13, 1959

NOVA SCOTIA TECHNICAL COLLEGE

50th Anniversary Reunion

For information write Box 811, Halifax, N.S.

The secretary-treasurer was to be ap-

pointed by the new executive.

Three members of the branch gave
short addresses on their occupations.

Richard Booy of Canadian International

Paper Company, Temiskaming, spoke
on Canada's Second Oldest Electrolytic

Chlorine Plant; B. W. Kelly, of Dupont
of Canada, North Bay, on The Manufac-
ture of Commercial Explosives, and R.

S. MacLennan, a consulting engineer,

on Municipal and Town Planning.

NOVA SCOTIA TECHNICAL
COLLEGE
Donald Kelly, s.e.i.c, Conespondent

At the rec;ent annual meeting of the

Student Society, Donald Kelly was
elected president for the coming year.

NORTHERN NEW BRUNSWICK
S. K. Henry, jr.e.i.c:., Correspondent

E. J. Lutz, spoke at a meeting on April

25 on The Growth of Canada, tracing

the history and economic growth since

Confederation. Mr. Lutz is a former

manager of the Bank of Nova Scotia, at

Newcastle, N.B.

This was a general meeting of the

branch, at which nominations of offi-

cers for the year 1959-1960 were pre-

sented. The result was the following

slate of officers: chairman, P. J. Deli-

caet; vice-chairman, V. G. MacWilliam;
sec.-treasurer, Peter Dallien; executive,

G. A. Bird, P. E. Desserud, R. E.

Haines, R. A. Cameron. The annual

meeting was announced for May 29, at

Bathurst, N.B.

This double drum mine hoist illus-

trates the type of heavy mechanical

construction for which the Bertram

plant is ideally adapted. For rolling

mills, automatictransfer machines,

heavy presses and custom-built

equipment for principal Canadian

industries, geta Bertram quotation.

Precision Engineering

THE JOHN BERTRAM & SONS
Company Limited

Dundas, Ontário
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CHECK THIS GARDNER-DENVER LINE-UP

BEFORE YOU BUILD OR BUY YOUR NEXT JUMBO

A REMOTE CONTROLS
\^ ... ali controls, both hy-
draulic and pneumatic, can be
arranged for handling ali oper-
ations from a centralized location
—the most convenient location
for your drilling operation.

Ç\ BOOMS
. . . hydraulic, creep-free

booms— straight, offset or tripod
types. A choice of hand or auto-
matic hydraulic pump. Lengths
to suit your driUing needs.

DRIFTERS
^/ . . . seven hard-hitting, fast-

acting models—the most com-
plete Une of time-tested drifter

drills available. Sizes from 2J^'
to 53^" cylinder bore.

V . . . DPU hydraulic drill po-
sitioner— 120° swing (60° from
center to center), 90° dump (30°

up, 60° down)—can be indexed
for roof pinning or down hole
drilling.

Cí FEEDS
. . . aluminum aUoy screw

feeds take steel changes up to 12'.

New channel screw feed mount-
ings permit changes up to 14'.

Lightweight and heavy-duty
chain feeds for changes to 20'.

Ali can be remote-controUed.

DRILL STEEL
\S/ . . . most complete line of
sectional carburized drill steel

(five series from hex. to l"s'
hex.) in lengths from 2' to 20'.

Carburized to resist abrasion
longer and increase compressive
strength. Also carburized made-
up steel in a variety of sizes,

shanks and lengths.

THIS HARD HAT
MEANS BETTER DRILLING

Gardner-Denver men and mining
engineers have worked hand in hand
for many years. This teamwork has
resulted in a safe, hard-hitting line

of drilling equipment for use in every
type of rock and ore. At Gardner-
Denver there's no substitute for men
—our phUosophy of

growth for 100 years.

Here's the most complete and versatile line of coordinated drills,

feeds, booms and controls available anywhere. Save time and man-

power. Drill faster. Hold line cuts in line. Or use big bore burn cut

for pulling deeper rounds. Handle high-face room and pillar mining

with ease. See your Gardner-Denver jumbo specialist. He can help

you plan a job-built, custom-engineered jumbo using your own
truck or tractor . . . or deliver a complete Gardner-Denver crawler-,

wheel- or rail-mounted jumbo.

%cei8f EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontário

Foctory: Woodstock, Ontário

Branch Offices: Moncton, N.B.; Montreal, Que.; Sudbory, Ont.; Kirkiand Lake, Ont.;

Winnipeg, Man.; Edmonton, Alta.; Nelson, B.C.; Vancouver, B.C.
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• BRANCH NEWS
OTTAWA
D. R. Crimes, m.e.i.c, Corresponclent

G. W. Stead spoke at a meeting of April

2 on the subject of Ice Breaking in the

St. Lawrence. Mr. Stead is Director

of General Marine Services Branch, De-
partment of Transport.

Icebreaking prevenis flooding in the

Montreal área, and is also used to aid

spring and fali shipping. The ice con-

ditions this spring were the worst in 25

years. Some of the Department's prob-

lems and methods were described.

The fourth annual architects-engin-
NEERs DANCE was held on Vlarch 19.

About 160 architects, engineers, and
their wives were received by Mr. and
Mrs. John S. Watt, chairman of the

Ottawa Branch, and Mr. and Mrs.

Darcy Helmer, chairman of the Ottawa
Chapter, Ontário Association of Archi-

tects.

PETERBOROUGH
J. G. Hooper, m.e.i.c, Correspondent

Champagne dinner dance was the third

annual ladies' night event. It was held
at Kawartha Golf and Country Club on
Friday, April 24, 1959.

The menu was in the French manner.
L. H. Mensforth was in charge of ar-

rangements.

SASKATCHEWAN
W. A. Friebel, m.e.i.c, Correspondent

The Saskatoon Section acquired on
March 20, at its annual meeting a new
executive by a new procedure. An
elected committee has become the ex-

executive.

The officers are: chairman. Paul
Riemer, vice-chairman and treasurer,

Dick Strayer, secretary, Fred Catterall,

publicity. Vem Friebel, committee mem-
bers, Morris Cherney, Roger Dupuis,
Tom Greenaway, Don Kelly, Nick
Peters, ex-officio, Ernie Cole and Bob
McCullough.
G. HoNDEGORD, of National Research
Council, Saskatoon, spoke at the meet-
ing of April 18, giving a commentary
on the film "Setting Fires for Science".

The N.R.C. di%ision of building re-

search is continually conducting fire

e.xperiments, and as a result the na-

tional building code has been changed.

SARNIA
Murray Waghorne, m.e.i.c,

Correspondent

The Canadian aircraft industry was

considered by a meeting of the branch

on February 17. M. D. Willer, Sales

and Service Manager, Avro Aircraft

Ltd., Toronto, was the speaker. After

a review of the history of aviation in

Canada, the present mature state of

the industry was demonstrated by a

coloured film covering the development

of the Avro Arrow.

CAPE BRETON
H. M. Aspinall, m.e.i.c, Correspondent

Brian Hanson, of Imperial Oil Co.,

Sydney, N.S., was the speaker on April

29, and his subject was Lubrication

Oils.

He outlined development of desirable

properties in lubricating oils, detergent,

anti-corrosion additives, etc. A small en-

gine was used to demonstrate the acidic

property of exhaust gasses and the use

of proper oils to prevent corrosion.

CARLETON UNIVERSITY
Thomas A. West, s.e.i.c, Correspondent

RocKETRY presents problems which must

be overcome before space travei be-

comes feasible. A paper was presented

on March 27, by Dr. John Hart, asso-

ciate professor in the Department of

Physics, Carleton University, in which

the human engineering aspect was ex-

amined. Design for the needs of the

human body, and for extreme accelera-

tions offer difficulties, which the speak-

er treated in an interesting and humor-

ous talk. The constitution of the

Engineering Society was considered,

and passed by a majority vote on

March 16.

Elections took place on April 7, with

these officers elected by acclamation:

president, Fred King, vice-president,

Keith Stoodley, social convenor, Alan
Webster, Tours and talks convenor,

Elihu Edelson, secretary-treasurer, John
RoU, public relations officer. Tom West.

Vancouver Branch. E.I.C. president and general secretary, K. F. Tupper and G. T.

Page, on a visít to the R.C.S.M.E. at Chillíwack, B.C. In the picture, seated:

Mrs. Page, Mrs. Heslop, Mrs. Tupper, Mrs. Carson, Mrs. Davy; standing: Mr»
Boívin, Lt. G. Boivin, Mrs. Freebom, Col. R. J. Carson, Prof. W. Heslop, Dr.
Tupper, Dr. Page, Commodore A. C. M. Davy, Mrs. Wyld, Capt. R. C. Wyld, and
Major F. R. Freebom.

At Jerguson you get a

Complete Line

of Liquid Levei

Gages^ Valve$

and Specíalties

Working closely with the men in the
field, Jerguson has developed a complete
line of specialized gages, valves and other
equipment to meet the specific needs of

the chemical and petrochemical industries

for the observation of liquids and leveis.

Available in stainless, monel, nickel, has-

telloy and many other materiais . . . with
rubber, neoprene, lead, teflon, Kel-F, and
other linings . . . in a variety of end, side

or back connections.

Keflex and Transparent . With a variety of

valves for ali installations.

torqc Chamber Goges . Minimize boiling

and surging effect. Both Reflex and
Transparent; also with non-frosting gage
giass extension.

Heated and Coo/ed Goges and Valves . Com-
plete line of heated and cooled gages and
valves, in various models, both Reflex
and Transparent.

Non-Frostinq Gages . Patented design pre-

vents frost building up «ver vision slot.

Weldinq Pad Goges. Weld right to liquid

containing structure and become an in-

tegral part of it. Can be staggered for

continuous visibility.

Illuminators . Explosion-proof constructioo,

UL approved.

Group G Insfrument Pipiag Valves . Unions,
nipples, reducers, elbows, tees, valve and
bleêd valve ali combined in one space-

saving unit.

Wril» for Data on Jerguson Products for Ch«m>
Uai and Petrochemical Processing.

Builf in Canada

Jerguson Gage & Valve, Ltd.

PEACOCK BROTHERS LTD.
P.O. Box 1040, Montreal 3, Quebec
Branches tn Sydney Toronto Sudbury

Winnipeg Edmonton Colgory Vancouver
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Pressure treated polés make low-co$f,

durable pole type buildings possible.

ECONOMICAL...
DURABLE...
VERSATILE...

PRESSURE TREATED

WOOD PRODUCTS
Foundation Tímbers and Piling • Wharves • Track Tíes

Roof and Deck Plankíng • Brídges and Culverts

Poles and Cross Arms • Wood Block Floors • Guard Raíls

Pole Type Buíldings • Marine Structures • Mine Timbers

Canada Creosoting Company Limited— Canada's lead-

ing suppliers of pressure treated timber for every use

— is the firm to call, whatever your needs. Complete

timber treating and prefabricating facilities at your

Service . . . backed by 45 years experience in pressure

treating timber for long life, low upkeep. CAN-CREO
has a coast-to-coast network of plants and offices

serving ali parts of Canada.

PLANTS AT

Truro, N.S.

Delson, Que.

Sudbury, Onf.

North Transcono, Man.

Calgary, Alta.

New Westminster, B.C.

Newcostie, N.B.

Trenton, Ont.

Sioux Lookout, Ont.

Prince Albert, Sask.

Edmonton, Alto.

North Voncouver, B.C.

SAICS OFFICeS AT

Truro, N.S.

Montreal, Que,

Toronto, Onf.

Winnípeg, Man.

Colgory, Alto.

North Voncouver, B.C

Cali CAN-CREO for prompf shipment, lasting satisfaction

CANADA CREOSOTING COMPANY LIMITED
1400 METCALFE ST., MONTREAL, QUE.

DIVISION OF DOMINION TAR & CHEMICAL CÕMPANY, LIMITED
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• BRANCH NEWS

SAULT STE. MARIE
R. J. Saunders, s.e.i.c, Correspondent

FoRESTRY ENGiNEERiNG was discusscd by

J. Lockwood, district forester, Dept. of

Lands and Forests, Sault Ste. Marie, on

April 10, 1959.

Growth of the forestry profession

since the diirties was pointed out by

the speaker, and the foresters' work in

niirseries, fire protection, pubhc rela-

tions, timber rights, and logging man-
agement. More foresters are needed to

insure the forest economy, Mr. Lock-

wood said. There must be cooperation

between the forester, the government

and industry.

WINNIPEG
P. M. Abel, jB.E.i.c, Correspondent

The Deas Island tunnel was described

to a branch meeting on March 19, by

N. D. Lea, vice-president, Foundation

of Canada Engineering Corporation

Limited.

The subject matter was the paper

pubhshed in the April issue of the Jour-

nal, and was illustrated by slides and
film.

A PLANT visiT was arranged for April 16.

Members visited the new Griffin Steel

Foundries Ltd., in Transcona, Manito-

ba, with members of the Illuminating

Society.

Civil Sectíon

H. B. McLenaghan, jR-e.i.c.,

Correspondent

Regulation of Lake Winnipeg and Lake
Manitoba for flood control was outlined

by Ed Kuiper, former chief engineer of

the Lakes Winnipeg and Manitoba
board at the January meeting of the

civil section.

The flood control investigations in-

cluded a control dam on the Assini-

boine River, a cut-off channel from
the Assiniboine to Lake Manitoba,

deepening of the Red River channel in

the vicinity of the St. Andrews rapids

and also a diversion channel of the

Seine River to the east around Winni-
peg. The latter method of control was
concluded to be the most advantageous

and economical.

R. M. Dillon, m.e.i.c, ^poke on Febru-

ary 12 on the subject "Some Aspects of

the Design of Structures of the South

Perimeter Route of the Metropolitan

Winnipeg By Pass, Trans Canada High-
way". Mr. Dillon is a structural direc-

tor, M. M. Dillon & Co., Consulting

Engineers, London, Ont.

The Assiniboine River Bridge sub-

structure has foiu- piers and two abut-

ments carried on spread footings

founded on hardpan. The superstruc-

ture is a composite design consisting of

ali welded structural steel built up gir-

ders carrying a 7/2-inch reinforced con-

crete .slab.

(Continued on page 163)

for the

Canadian General Electric Buíldíng,

Ottawa, Ont.
Two 100 H.P. Starfire automatic, low-pressure steam boílers.

Archifecfs and Engineers, Balharrle, Helmer & Morin

Género/ Conírocfor.- Ross-Meagher Ltd.

Heating Confracíor; Rodger Maher

íf« Starfire Automatic Boilers Reduce
Costs and Breakdowns

• Most modem combination boiler

and oil-or-gas firing unit — 9 H.P,
to 500 H.P.

• A complete unit — compact design
fits into small boiler-room space —
and easy to instalL

• No foundation or large chimney
needed (requires only vent pipe to

clear surrounding building) — con-
nect to steam, water, fuel and elec-

tric lines—and it's ready to operate.

• Economical.

More than a cenfury

of specialized expenence

VOLCANO LIMITED
8635 St. Lawrence BIvd., Montreal, Que.

Works: St. Hyacinthe, Que.

Branches: Toronto • Quebec City

Sales and Service Representafives

in ali principal cifies

CANADA'S LEADING MANUFACTURER OF AUTOMATIC HEATING EQUIPMENT
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LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY* REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prcjíarcd by the Library, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Library In New
York.

°TRANS!STOR TECHNOLOGY; VOLUME II

Part one discusses the technology of

materiais with special emphasis on sili-

con. Part two deals with the principies

of device design beginning with diodes,

and continuing with triodes and the

more complex multiple junction switch-

ing devices and tetrodes. Chapters follow

on radiation sensitive devices, field effect

devices, and on noise behavior. The book
concludes with the design implications of

surface phenomena. (F. J. Biondi, ed.

Toronto, Van Nostrand, 1958. 701p.,

S19.00.)

"tRANSISTOR TECHNOLOGY, VOLUME III

This, the latest volume of an exten-

siva work, deals with the preparation of

junctions; fabrication technology, includ-

ing such processes as etching, alloying

and diffusion, photoengraving techniques,

and procedures for making contacts; in-

formation on measurement and charac-

terization; laboratory and field use re-

liability. The material is equally divided
between that of a general nature and
that which is specific to germanium and
Silicon. (F. J. Biondi, ed. Toronto, Van
Nostrand, 1958. 416p., $13.50.)

"digital techniques for computation
and control

A survey of the basic tecliniques used
for digital computation and control, in-

cluding code arithmetic, logical networks,
multiplexing, conversion, data reduction,

digital process control, two-terminal relay

circuits, counting techniques, digital

computers of ali types, computer pro-
gramming, digital differential analyzers,

and combined analog-digital ecjuipments.

Descriptions of components and available

commercial equipments add to the value

of the book. (M. L. Klein and others.

Pittsburgh, Instruments Publishing Co.,

1958. 394p., $6.00.)

"PHILOSOPHY OF STHUCTURES

Discusses the basic concepts of ad-

vanced structural design as developed by
Torroja, including such factors as the
nature of stress in different types of

structures; the proper use of materiais;

structural elements; design of retaining

structures, roofs, floors, bridges, and
aqueducts; construction methods and

their influence on design and cost; the

role of calculations and experimental

stress analysis; the function of the de-

signer in the construction enterprise.

(E. Torroja. Califórnia, University Press,

1958. 366p., $12.50.)

"modern matkrials: advances in
development and applications, vol. 1

This volume, which is the first in a

series, covers a variety of materiais and
the recent developments in connection

with them: zirconium; the semiconduc-
tors, germanium and silicon; ceramic en-

gineering materiais and their applications;

insulating papers for high voltages;

glasses required to withstand strong ir-

radiation in nuclear engineering; syn-

thetic rubbers for special purposes; new
áreas of wood as a structural material;

organic and inorganic fibres. (H. H.
Hausner, ed. New York, Academic Press,

1958. 402p., $12.50.)

"the TRANSURANIUM ELEMENTS

The author begins with the discovery

of phitonium in 1940 as the result of

the bombardment of natural uranium
with deutfrons in a cyclotron. He then

discusses the chemical properties of tlie

actinide elements, ranging from thorium

to Mendelevium. The concluding portions

of tlie book are concerned with the nu-

clear properties of the transuranium ele-

ments and the possibilities for new ele-

ments. A voliune in the Atoms for Peace
presentation set. (G. T. Seaborg. Reading,

Addison-Wesley, 1958. 328p., $7.00.)

"u.S. RESEARCH REACTOR OPERATION
AND USE

Studies the research reactor as a means
of i^roviding a strong source of neutrons

and gamma rays for physical research,

irradiation testing, and producing radio-

active isotopes. The principal emphasis

in the book is on the adx antages and dis-

advantages of different rcactors and on
the costs of acquiring and operating a

research reactor facility. Each type of

research reactor is described in detail

and analyzed in relation to specific

needs. A volume in the Atoms for Peace
presentation set. (J. W. Chastain, Jr., ed.

Reading, Addison-Weslev, 1958. "366p.,

$7.50.)

"uranium ore PROCESSING

A description of the technology util-

ized in extracting uranium from its ores.

The book covers preliminary treatnients

like roasting and physical concentrations.

leaching with acid or alkaline reagents.

separation of the pregnant leach liquor

from the unwanted sohd gangue, and re-

covery of the uranium product from the

solution. principally by ion exchange and
solvent extraction. SLx t>'pical plants are

then analjzed in considerable detail to

illustrate these processes. The book con-

cludes with minor sources of uranium ore

such as shale, lignate and phosphate

rock. A volume in the Atoms for Peace
presentation set. (J. W. Clegg and D. D.

Foley, eds. Reading, Addison-^^'esle^.

1958. 436p., $7.50.)

"tools for machine literature
searching

An extensive work which represents

the results of a considerable amount of

experimentation o\er the past five years.

The book is presented in four parts, of

which the first t^vo deal with macliine

literature searching systems in general

and their basic underlying principies. In

the third part, procedures de\eloped b\

the authors are given for anal>"zing, en-

coding, and searching of record infomia-

tion. The concluding section consists of

a semantic code dictionarj' with directions

for its use. (J. W. Perr>- and A. Kent.

New York, Inter.science, 1958. 972p.,

$27.50.)

rocket to the moon
A compilation of ideas, thoughts, facts.

guesses and assumptions on man's con-

quest of the moon, and the possible

effects of that conquest. The authors.

Americans, are cominced thjt it is pos-

sible to reach the moon, and criticai of

their country's space policies. They in-

clude information on the accomplish-

ments of both the U.S. and the U.S.S.R.

in this \ohune, intended primarih for

laymen. (E. Bergaust and S. Hull.

Toronto, \'an Nostrand, 1958. 270p..

$5.95.)

"symposium on effect of ozone on
RUBBER

Papers on \arious facets of tlie effect

of ozone attack on rubber, particularly

pohbutadiene rubbers and olAStomc-s.

.\Lso considered are preve-^*^ Uives snc^i

as chemical antiozonants, and the use of

waxes. These papers were pre.sented at a

meeting hcld in St. Louis. Mo., in 1958.

(Pliil ulelphia, Americ;i" Socic^^' for T»^st-

ing Materials. 1958. 130p.. $3.75. Stp.

229.)

"chemical PROCESSING OF NUCLEAR
FUELS

An introduction to the problems of

chemical proct^ssing of the fuel after it
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Demineralizing: Power Station Alkalinity Removal: Pulp & Paper Industry Boiler Feed Softening: Oil Refinery

WORLD-WIDE EXPERPCE REAOY 10 SERVE CANADIAN INDUSÍRY ÍHROUGH

lONEXCO
Ion Exchange (Canada) Ltd. engineers and supplies ali types of water treating equipment, waste effluent treatment plant

and specializes In design of Ion exchange equipment and processes.

lONEXCO offers these Advantages:» Complete Canadian designing and engineering staff • 50 years International experience

» AH types of water treatment . . . clarification, filtration, softening, demineralizing—Canadian made.

WRITE FOR YOUR copies of technical Êlterature on lONEXCO products

ION EXCHANGE (CANADA) LTD.
33 Price Street, Toronto 5, Ont. Telephone: WAInut 3-3004-
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• LIBRARY NOTES

LALONDE & VALOIS
Consulting Engineers

615 BELMONT ST., MONTREAL

designed the foundations and the

reinforced and prestressed concrete structures of

LECOLE POLYTECHNIQUE
DE MONTREAL

luís hci n irradiatccl in ;i roactor. Follow-
inj; iiitrodutton iiiatoiials, the major part

of tlu' liook (Ifals with aqiieous pro-
cesses, iiK'liuliii<; solvent extraction, ion

e\eliaii}ie, and precipitation processes;
and with noii-a<iueoiis processes inchid-
in.i; distilhition of metais, extraction by
li(inid metais, fhioride xolatilization, and
separations based on chemical reactions.

Conchiding sections deal with effluent

disposal and fission product recovery, and
with trends in nuclear fuel processing.

(F. .S. Martin and G. L. Miles. Toronto,
Butterworth, 1958. 242p., $7.50.)

"glove boxes and shielded cells fob
handling badioactive materials

Papers dealing with radiation shield-

ing which are based mainly on British

practice. Part one is concerned with un-
shielded boxes and discusses safety, gen-
eral design and manufacture, construc-
tional materiais, decontamination, layout
in laboratories, provision of inert atmo-
spheres, handling of polonium, operations
with gaseous materiais, and large scale

operations. Part two deals with shielded
cells, and discusses shiclding calculations,

viewing and handling equipment, design
of shielded cells as well as operations on
beta-ray emitters, plutonium, multicurie
caesium sources, and irradiated fissile

materiais. These papers comprise the pro-
ceedings of a Symposium held at Har-
well, England, in 1957. (G. N. Walton,
ed. Toronto, Butterworth, 1958. 515p
$16.80.)

*A HANDBOOK ON TOBSIONAL VIBBATION

An extensive work which gives for-

mulas, design procedures, specifications
and methods relating to torsional vibra-
tion conditions of engines and machines.

The four major dívisíons presented en-

compass preliminary calculations and
measurements, evaluation and prediction

of torsional vibration stresses, design and
operation of various devices for limiting

vibration, and instrumentation. Each sub-

section on design procedure or testing is

self-contained so as to provide maximum
usability of the handbook. (Comp. by
E. J. Nestorides for the British Internai

Combustion Engine Besearch Association.

Toronto, Macmillan, 1958. 664p., $18.70.)

"fine pabticle measurement

A discussion of the important tech-

niques currently used in research labora-

tories for the measurement of size, sur-

face and pore volume. The basic prin-

cipies, construction and use of apparatus,

methods of data analysis, applications,

and limitations are given for such tech-

niques as automatic scanning, the fixed-

time method, the Hauser/Lynn method.

gravimetric analysis, and liquid-phase

sorption. An extensh e bihography of ap-

proximately 400 references is included.

(C. Orr and T- N. Dalla \'alle. Galt.

Brett-Macmillan, 1959. 349p.. S10..50.)

°SCALE-UP IN PBACTICE

A unified re\ iew of the \ arious aspects

of pilot plant problems. Among the topics

discussed are the factors justifying tlie

operation of pilot plants. a review of

scale-up theory, simulating operation of

processes and equipment with computers,

the hazards invohed, the process and
business economics of scale-up, and or-

ganization. (R. Fleming, ed. New York,

Reinhold, 1958. 134p., $4.50.)

°\VATER POWEB ENGINEEBING

Begins with a sur\ey of the water

power industry and such aspects as plan-

ning, underground power stations, geo-

logical factors, and the relationship be-

tween water and nuclear power. Tho
main types of turbines are then studied

with stress on full scale and model tests

and on cavitation. Such electrical prob-

lems as insulation, high \ oltage transmis-

sion, voltage regulation, and cables are

also considered. (R. Hammond, Galt.

Brett-Macmillan, 1958. 302p., $10.00.)

*GAS CHROMATOGRAPHY 195S

Twenty-eight papers are presented and

di\ ided into three sections dealings with

theoretical and experimental aspects of

gas chromatography, recent trends anil

new dex elopments in techniques and ap-

paratus, and \arious applications of ga^

chromatography. These papers comprise

the proceedings of the second sx mposiuni

organized by the Gas Chromatographx

Discussion Group and held in .\mster-

dam in May, 1958. (D. H. Desty, ed.

Toronto, Butterworth, 1959. 383p..

$13.00.)

"PHYSICAL LAWS AND EFFECTS

A compilation which proxidos a brit-t

description of approximateK' 100 familiar

and unfamiliar laws and effects, an in-

dication of their expected magnitude,

and references to finther sourtx-s of In-

formation. The book is intondcd as .i

soin"ce of usoful eoneepts in research ile-

"... and ali claims for Pozzolith are supported by

tests from recognized, independent authorities."

Research. Engineering and Concrete Control Divisions

THE MASTER BUILDERS COMPANY, LTD.

Technically trained representatives in ali principal cities

Vancouver • Edmonton • Winnipeg • London • Toronto • Montreal * Saint John
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HAMILTON CITY HALL
Architect: S. M. Roscoe, City Architect, Hamilton.

Consulting Architects: Fleury and Arthur, Toronto.

Structural Engineers: C. C. Parker and Associates Ltd., Hamilton.

General Contrcctors: Pigott Construction Company Ltd., Hamilton.

Steel Fabrication and Erection: Niagara Structural Steel Limited,

St. Catharines.

ffELECTROD >7

Write to nnv
Stelco Sales Office

for complete

iiiformation oii ali

types of Stelco

''Electrod,''

coritained iii a

handy rejerence

manual.

Shop weldiíig of structural slcel for Hamilton's ne\s' City Hall, togetlier \\ith some
ou-sile welding, was carried out almost exclusively with Stelco "Electrod" Weldiug
Rods. This work consumed approximalely 7000 pounds of "Electrod" 624 aiul

4150 pounds of ''Eleclrod" 728.

STELCO "ELECTROD" 624 is a heavily-coated, irou powder tvpe electrode, recom-
mended for ali structural, general fabrication, and maintenance work. It is fast and
easy to use, and is parlicularly suited for fillet and butt welding in borizontal and flat

positions. Strong ductile welds are formed, with easy slag lemoval, and no under-

cutting.

STELCO "ELECTROD" 728 is a low bydrogen. heavily-coated, iron powder rod,

wilb a high deposition rate. ''Diíficult" steels — such as high carbon, allov, high
sulphur, free machining, and cold roUed — may be readily welded with this rod.

Welds of X-ray qualily are i^roduced, capable of withstanding severe shock and abuse.

THE STEEL COMPANT OF CANADA, LIMITE
Executive Offices: Hamilton and Monfreal

Soles Offices: Halifox, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor, Winnipeg,

Edmonton, Vancouver. J. C. Pratt & Co. Limited, St. John's, Newfoundlond. 59351.B
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1640 Ave. North
Oiitremont

CR. 4-5426

DOUCET & DOUCET, Ltée.

ENTREPRENEURS

CHAUFF.A.GE • PLOMBERIE

KEATING • PLUMBING

CONTRACTORS

Jean Doucet, Ing. P.

Sec.-Tres.

• LIBRARY NOTES
\elopnients, and amonR the varied topics

included are the Barkhausen effect,

luminescence, Bremstrahlung radiation,

Curie-Weiss law, tliermoelectric effeets,

memorv metais, stress-strain effeets, etc.

(C. F. 'Híx and R. P. Alley. New York,

Wiley, 19.58. 291p., .$7.95.)

"elements of engineerinc statics

Covers the problem of equihbrium,

equilibrium of simple planar systems,

equivalence of force systems, simple

structures, sliding friction, work and

energy methods, and equilibrium of

simple spatial systems. The techniques

of vector álgebra are employed to de-

velop rigorously the fundamental theor-

ems, results, and methods of statics and
to apply these to the solution of engi-

neering problems. An extensive appendix

consists of problems to illustrate the

principies of the text. (H. Deresiewicz.

Toronto, Oxford, 1958. 124p., .$3.75.)

"aMERICAN POWER CONFERENCE.
PROCEEDINGS, VOLUME XX

Papers dealing with varied aspects of

the generation, transmission, and utiliza-

tion of power. Among the topics dis-

cussed are steam and gas turbines, water

technology; hydroelectric power; nuclear

power development; industrial plants;

central stations; transformers; extra-high

voltage systems; distribution equipment;
fuels; heating, ventilation and air con-

ditioning; computers and network analy-

zers. (Chicago, Illinois Institute of Tech-
nology, 19.58. 748p., $8.00.)

°A HISTORY OF TECHNOLOGY, VOL. V:
THE LATE NINETEENTH CENTUHY,
C.1850-C.1900

The importance of applied science and
its effect on manufacture and production

in the latter half of the nineteenth cen-

tury is the outstanding theme of the

present volume which concludes the

series. Also considered is the social effect

of scientific industry upon the lives of

individuais. Topics presented include

primary production, prime movers, the

chemical industry, tran.sport, civil engi-
neering, and manufacture. (Ed. by C.

Singer and others. Toronto, Oxford, 1958.

888p., $25..50.)

"mechanical engineers' handbook,
6th ed.

This new edition of a standard hand-

book previously edited by Lionel S.

Marks, covers virtually every aspect of

mechanical engineering. Theory, stan-

dards, and practice are compiled by over

90 persons. each a specialist in the area

covered. Substantial revisions or additions

include sections on numerical analysis

and computing machines, vibrations,

aerodynamics, jet propulsion, atomic

power, automobiles, instruments and con-

trols, railway engineering, corrosion,

turbo compressors and gas turbines, lub-

ricants and lubrication, and welding. (T.

Baumeister, ed. Toronto, McGraw-HilI,
1958. Various pagings, $23.40.)

STANDARDS RECEIVED
ASTM standards. American Society

For Testing Materials, 1916 Race St.,

Philadelphia 3, Pa.

ASTM standards on cement. $3.50
ASTM standards on soaps and other de-
tergents. $3.50
ASTM standards on textile materiais.
$7.50

•BOOK OF ASTM STANDARDS. 1958

The triennial compilation of ASTM
Standards, expanded in this edition from
seven to ten parts occupying 13,600
pages. A total of 2.450 standard specifi-
cations. methods of test, definitions of
terms, and recommended practices are
included in the various sections which
deal with ferrous metais specifications:
non-ferrous metais specifications: meth-
ods of test for metais; cement, concrete.
mortars. road materiais, waterproofing.
soils; masonry products, ceramics, thsr-
mal insulation. sandwich and building
constructions, acoustical materiais, fire
tests; wood, paper, adhesives, shipping
containers. cellulose, leather; petroleum
products. lubricants. tank measurements.
engine tests; paint, naval stores. aroma-
tic hydrocarbons. coal, coke. gaseous
fuels, engine antifreezes; plastics. elec-
trical insulation, rubber. carbon black;
textiles, soap, water, atmospheric anal-
ysis, wax polishes. The volumes are avail-
able separately, (10 vols. $116.00.)

Canadian Standards. Canadian Stan-

dards Association, 235 Montreal Rd..

Otiawa 2.

A31-1959: Code for modular coordin-
ation in building. $1.00
A145-1959: Rubber floor tile. 75c
B131, 11-1958: Universal cast iron pipe

Provide instant IJAIA/O
relief with... 11HWO

EMERGENCY EYE and
FACE WASH FOUNTAINS

Eye and face hazards are inevitable in

industry . . . so take positive steps to reduce the

extent of injury and minimize insuronce cloims.

HAWS Emergency Eye and Face Wosh Fountoins

flood contominated oreas with water - instanfly

ridding face and eyes of caustics, chemicals and dan-

gerous particles. This instant relief may well pre-

veni permanent domage - bridging the gap until

medicai aid arrives. Install extra sofety-HAWS

Emergency Fountoins and Drench Showers.

Write today for detailed infor-

mation on the complete HAWS

ine of emergency focilities. HAWS

DRINKING FAUCET COMPANY, 1443

Fourth Street, Berkeley 10, Calif.

MONTREAL, QUEBEC
R. G. K. Ward,
5925 Monkland Ave., N.D.G

VANCOUVER, B.C.

Robert Somerville, Ltd.,

564 Beatty St.
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BLOCKS

HEAD OFFICE AND FACTORY: WOODSTOCK, ONTÁRIO

BRANCH OFFICES: PORT ARTHUR, ONTÁRIO, NORTH BAY, ONTÁRIO, MONTREAL, P.Q.
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can save you

BIG
MONEY
HBRE'S HOW!
The line grooves of Timberland wire
rope blocks are flame-hardened. Wire
rope does not mark these grooves . . .

groove retains its surface and shape
— greatly extending wire rope life. AU
Timberland Rollalloy blocks are
mounted on roller bearings. Housings
cup around the sheaves and prevent
cable fouling. Require only seasonal
lubrication.

Buy the Block that pays for itself

Remember— these quality features
not only ensure maximum safety and
long life but return real dividends
through savings in wire rope costs.

Whatever your requirements, a
Timberland engineer can help you
get the proper blocks for the job.

Write or phone today for complete literature

Manufacturers

of Construction,

Logging and

Marine

Equipment

desígned and
built in

129



• LIBRARY NOTES
and littings cast in sand-lined moulds.
for water and other liquids. $1.00

C22.2 No. 64-1959: Construction and test
of doniestic cookin.t; and liquid-heating
appliances. 3rd ed. $1.50

C22.2 No. 86-1959: Construction and
test oí Service equipnient. $1.25

C22.2 No. 113-1959: Construction and
test of fans and ventilators. $1.25

G40 Series: Specifications for struc-
tural Steel.

0141-1959: Specifieation for yard lum-
ber. 75c

C2-1959: Single-phase distribution trans-
formers types ONS and LNS, 4th ed. $1.00.

C22.2 No. 118-1959: Construction and
test of Dicture machines and appliances.
$1.00.

C22.3 No. 1.5-1959: Heights of conduc-
tors above ground. $1.00.

Vnderwriters Laboratories of Can-
ada slandards. Vnderwriters' Labora-
tories of Canada, 7 Croiise Rd.,

Scarborough, Ont.

List of Inspected appliances, equip-
ment, and materiais; September. 1958.

Indian Roads Congress, Jamnagar
House, Mansingh Rd., New Delhi-2.

Standard specifications and code of
practice for road bridges. Section 2:

Loads and stresses.

TECHNICAL BULLETINS AND
PAMPHLETS RECEIVED

Acoustics

Acoustical design of the Alberta jubilee
auditoria, by T. D. Northwood and E. J.

Stevens. Ottavva, N.R.C., Div. of Bldg.
Research 1958 (Research paper no. 70)

Ali sizes

and types

fractional

to 1 ,500 h.p

Coupl
FROM STOCK

SPIDER TYPE
6 couplings

up to 20 h.p.

Max. speed 10,000 r.p.m.

RENOLD

DISC TYPE
16 couplings

up to 600 h.p.

Max. speed 3,600 r.p.m.

CHAIN TYPE
1 1 couplings

up to 1 ,500 h.p.

Max. speed 5,700 r.p.m.

I

Chains, Pinions, Wheels

American Chain Replacements

Conveyor Chains, Wheels and

Attachments

Gecrs, Clutches

Reducers and Geared Motors

COAST TO COAST SERVICE

Write for catalogues

RENOLD CHAINS
CANADA LTD.

MONTREAL TORONTO

HAMILTON VANCOUVER QUEBEC

LONDON WINNIPEG THREE RIVERS

AGENTS; E. S. Slephenson & Co. Limiled

HaMtax, N.S. Saint John, N.B. ond
Hugh J. 0'Neill Limited, Noranda, P.Q.,

Timmins ond Sault Ste. Morie, Ont.

Alberta. Economic survey.
"Alberta"—Province of opportunity. Cal-
gary, Calgary Power Ltd., 1958.

Amplifiers
Video amplifiers, ed. by A. Schure. New
York. Rider, 1959. $1.80.

Atomic energy
Canadian atomic energy development in
review and prospect, by Dr. W. B. Lewis.
London. Institution of Mechanical Engi-
neers. 1958.
Fundamentals of nuclear energy and
power reactors, by H. Jacobowitz. New
York, Rider, 1959. $2.95.

Banking
100 years of banking in Canada: a his-
tory of the Toronto-Dominion bank, by
J. Schull. Toronto, Copp Clark, 1958.

Bibliographies
Annotated bibliography on lateral loads
on unreinforced masonry walls, comp.
by D. E. Allen. Canada, N.R.C. , Div. of
Bldg. Research. 1958. No. 14. Construc-
tion estimating. management, and cost
accounting, comp. by E. Carson. Ottawa,
N.R.C. , Div. of Bldg. Research. 1959.
No. 15.

Buildings. Design
How to design pole-type buildings. by
D. Patterson. Chicago. American Wood
Preservers Institute, 1958. $1.50

Canada. Engineering manpower.
Recent changes In engineering manpower
requirements and supplies in Canada.
Ottawa, Dept. of Labour, Economics and
Research Branch, 1959. (Professional man-
power bulletin no. 4) 25c

Canada. Minerais
Milling plants in Canada: industrial min-
erais.
Metallurgical works in Canada: non-fer-
rous and precious metais. Both: Otta»va.
Dept. of Mines and Technical Surveys,
Mineral Resources Division, 1958. 25c each.
Canada. North West Territories.
The National Northern Development Con-
ference and the post-conferen e aír tour.
September 17-21, 1958. Edmonton, Alta..
Chamber of Commerce, 1958. $3.00.

Concrete
Design of eccentrically-loaded columns
by the load-factor method. by J. D. Ben-
nett. London. Concrete Publications,
1958. $1.90.
Loading tests on reinforced concrete
slabs spanning in two directions, by A. J.

Ockleston. Johannesburg. Portland Ce-
ment Institute. 1958. (Paper no. 6)

Design of rectangular beams and slabs,
by J. S. Cohen. London, Concrete Publi-
cations, 1957. $1.00.
Calorimeter-strain apparatus for study
of íreezing and thawing concrete. by G.
Verbeck and P. Klieger. Chicago, Port-
land Cement Association, 1958. (Research
department bulletin 95)
Danish National Institute of Building Re-
search. Committee on alkali reactions in

concrete. Progress reports:
B3: Durability and malntenance of con-

crete structures on Danish railways, by
A. Jeppesen.
K2: Experiments on concrete bars: íreez-

ing and thawing tests, by E. Trudso.
General considerations of cracking In
concrete masonry walls and means for
minimizing it, by C. A. Menzel. Chicago.
Portland Cement Association, 1958. (De-
velopment department bulletin D201
A method for determining stresses in

concrete reinforcement during long-time
tests, bv G. C. Rouse. Denver, U.S. Dept.
of the Interior. Bureau of Reclamation.
1958. (Technical memorandum 655)

Rapid tests for aggregrate and concrete.
Washington. Highway Research Board.
1958. (Bulletin No. 201)

Directories
The Engineer buvers euide. 1959 London.
Morgan Bros., 1959.
Lindsay's International register of wii-e

rod and strip. 1957-1958.: Wolverhanipton.
Eng.. Lindsay's Wire Publications. 1958.

Electrical engineering
The electrical vear book. 1959. Manches-
ter. Emmott, 1959. 3 6.

A-C Circuit analvsis, ed. by A. Schure.
New York, Rider, 1958. $1.80

Electrical Research Association: Tech-

130 THE ENGINEERING JOURNAL—JUNE, 195*



• BRANCH NEWS
(Continued from page 123)

The Pembina Overpass is a four span

stnicture founded on precast piles

driven into hardpan. The superstructure

is also a composite design.

The Red River Bridge is similar in

design to the Assiniboine bridge. It is

a seven span structure, 848 feet long

with three river piers carried on spread

footings resting on hardpan.

The last structure also under con-

struction is known as the Gladstone

Overhead. This structure was to be com-
pleted June 1959.

SAGUENAY
H. C. Perreault, jr.e.i.c, Correspondent

J. W. L. DuNCAN, project engineer,

electrical, Aluminum Company of Can-
ada Ltd., Arvida, spoke at the meeting

of March 17 on the Chute-des-Passes

project.

This was a general description of the

project to its present state. Slides were
used to show topography and the gen-

eral dimensions of the intake section,

supply tunnel, underground power-

house and discharge tunnel. The elec-

trical features, especially the generator

govemors and transmission line were
described.

UNIVERSITY OF
SHERBROOKE
Bernard Vigneux, s.e.i.c, Correspondent

The student section is now ofRcially

established, with officers as foliows:

president, Andre C. Hamel, vice-presi-

dent, Mare Gagnon, secretary, Bernard

Vigneux. There are 35 new members.
On the occasion of the Faculty's first

Ritual of the Calling of an Engineer,

the guests were Dr. K. F. Tupper,

E.I.C. president and Dr. Garnet T.

Page, general secretary. Twenty-two
students received the engineer ring.

The president took this opportunity to

present the E.I.C. student prize to

Gilles Henault.

Jacques Lemieux, director of studies,

Science Faculty; Gilles Henault, winner
of E.I.C. bursary; Gaetan Cote, vice-

dean; and President K. F. Tupper.

Student Night was held on March 20,
at which four students gave papers:

Sounding by Helicopter, Robert Le-

blanc; Puits Filtrants, Yvon Nadeau;
Effects of Electricity on the Human
Body, Gilbert Luneau; Power Plant,

Charles Lebreque.

The program during the year has in-

cluded many films, a talk by Rev. Fr.

Adelphe, M.S., titled, "Science". The

program will be concluded with a for-

mal dance to mark the first graduation

of the Faculty of Engineering of the

University of Sherbrooke.

UNIVERSITY OF WESTERN
ONTÁRIO
Paul Ruppel, s.e.i.c, Correspondent

The first annual banquet of the Un-
dergraduate Engineering Society was
held on March 12, with 140 students

and faculty members present.

Guest speaker was Harry Hallworth,

treasurer and general manager of the

copying productions division of Minne-
sota Mining and Manufacturing of

Canada Ltd.

Prof. S. L. Lauchland, head of

U.W.O. engineering science, was made
an honorary member of the Society on
this occasion. Another highUght was
election of officers, as follows: chair-

man, Paul Vellinga, secretary, George
Steele, treasurer, Jim Savage, publicity

director. Paul Ruppel, sports director,

Howard Kagawa, and director of Pro-

fessional relations, Bob Frank.

The graduation dinner was on March

26, 1959, when members of the grad-

uating class heard guest speaker E. V.

Buchanan predict tremendous advances

in engineering in the next few years,

and an expansion of engineering oppor-

tunity unparalleled in history.

Zoam for capital

expansion

Many industrial enterprises with good

prospects but in need of finances will be

started or expanded this year in a way that

provides a sound basis for development

through the financial assistance of the In-

dustrial Development Bank.

Information ahout I.D.B. financing in the fields of

:

• Manufacturing • Repairing • Processing

• Transportation • Construction • Air Services

• Packaging • Engineering etc.

can be obtained from your banker, auditor or

lawyer or from the nearest office of the Industrial

Development Bank listed below:

MNDUSTRiAL
DEVELOPMENT BANK
Established in 1944 by the Government of Canada to help in fi-

nancing new or expanding small and médium sized enterprises.

I. O. B.

regional

oftices

Vancouver

Calgary

Winnipeg

Toronto

London

Montreal

Quebec

Saint John

Halifax

1030 West Geórgia St.

513 Eighth Ave. West

195 Portage Ave. East

250 University Ave.

291 Dundas St.

901 Victoria Square

955 Chemin St. Louis

35 Charlotte St.

65 Spring Garden Road
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• OTHER SOCIETIES E.I.C. CERTIFICATE OF ADVERTISING MERIT

Calcndar
United Natioiís Educatioiíal, Scieiítific

and Cultural Organization: International

Oicaiioiivapliic Congiess to be hcld in

Xcw Vork troin August 31 to Septcmber
l-l. 1959.

L'\ESCX) is coopeiating with the
sponsor, tlio American Assoeiatíon for the
Adxaneenient of Scienee (1515 Massa-
cluisetts Ave., N.W., Washington 5, D.C.)

International Association for Hydraulíc
Research: eiglith eongress, Montreal, to

he lu kl íluring tlie week of August 24,

1959.

Information from J. E. L. Roy, c/o
Quebec Hvdro-Eleetric Commission, 107
Craíg St. W., Montreal 1, Que.

The Building Exhibítion: The 1959
Building Exhibítion, London, England,
.\o\ ember 18 to December 2, 1959.

Steel Founders' Society of America: fifty-

seventh fali meeting, The Homestead,
Hot Springs, Va. Septeniber 21-22, 1959.

The National Society of Professional En-
gineers: annual meeting, Commodore
Hotel, New York City, June 17-20, 1959.

Canadian Electrical Association: si.xty-

nintli annual eonvention, Manoir Riehe-
lieu, Murray Bay, Que., June 24-26, 1959.

American Welding Society, New York,
N.Y.: fali meeting, Sheraton-Cadillae

Hotel, Detroit, September 28-October 1,

1959.

Columbia University: Department of In-

dustrial and Management Engineering
announce the eighth utility management
workshop, Arden House, July 26-Aug-
ust 7, 1959.

The Institute of Radio Engineers: fourth

annual IRE Canadian eonvention and
exposition, Automotive Building, Ex-
hibítion park, Toronto. October 7-9, 1959.
IRE eonvention offíces are at 1819

Yonge St., Toronto.

Science Council of Japan: seeond world
conference on earthquake engineering,

Tokyo and Kyoto, Japan, July 11-18,

1960.

Information about the program, about
partíeipatíon and attendance is avaílable
from the Science Council, Ueno Park,
Taito-ku, Tokyo, Japan.

Ontário Water Resources Commission:
sixth industrial waste conference, Honey
Harbour, Ontário, June 15-17, 1959.

American Meteorological Society: nation-

al meeting, San Diego, Califórnia, June
16-18, 1959.

International Council for Building Re-
search: Congress 1959, will take place
on September 21-25 in Rotterdam, The
Netherlands.

Further Information can be obtained
from The Congress Secretariat c/o
Bouwcentrum, Postbo.x 299, Rotterdam.

Canadian Red Cross Society: National
Water Safety Week, June 14-21, 1959.

The four page, 2-colour (black and
blue) insert of the Northern Electric

Company Limited in the March issue

of this "Journal", pages 31-34, was
judged the best from the vievv-points

of Accuracy-Infonnation-Attraction.

The jury consisled of 50 subscribers;

five from each province.

The advertisement was planned and
produced by Foster Advertising Lim-
ited, Montreal. The artist is Maurice

Picard, Montreal, and Northern Elec-

tric's advertising manager is E. H.

Woodley.
The certificate was presented to

Mr. Woodley, by the General Secre-

tary, Garnet T. Page, at a luncheon

at the Engineers' Club, Montreal. A
copy of the certificate was presented

to Mr. Frank B. Thompson of Foster

Advertising Limited.

Readers' response to requests for

their services as jurors is most en-

couraging. During the first four

months of the year a monthly av^erage

of 42 (out of a total of 50) com-
pleted questionnaires have been re-

ceived. This co-operation is greatK

appreciated by the Institute and the

advertisers. The results of the judge-

ing will provide industrial advertisers

with a guide as to the tyipe of adver-

tisement which is the most useful and
attractive to Canadian engineers.

NORTHERN ELECTRIC CO. LTD. WINNING INSERT
This illustration is a monotone reproduction of the 4-page insert which

readers selected as the best advertisement in the March issue, from the view-
points of Accuracy, Information and Attractiveness.

The advertisement appeared on page 31-34. The actual advertisement was
printed on offset, dull finish, stock, in black and blue.

Front Back

Centre Spread
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can have your accounting done for you

ou ^ sttett^^ te

y

Electronic Computers

at the IBM Service Bureau

IBM Data Centre, Don Mills Road, Toronto.

IBM electronic computers, with their tremendous capacity

and lightning speed, have been added to our Service Bureau

facilities, supplementing the wide range of punched card

accounting machines which are at your service.

Companies, large and small—governments, scientific, statistical

and research bodies—whose needs are not sufficient for them to

own electronic equipment, can have their data processing done

for them at our Service Bureau.

The IBM Service Bureau will do practically any accounting or

statistical job that may be required: performing recurring jobs

on a regular basis, helping through peak loads, or doing special

computations that may be far too intricate or time-consuming

for other methods.

IBM Service Bureau
firrpares our insurance
1' npiCfiU and gets them

^ Duí earlter than we can
ourselves.

//'s confidential! IBM
i!f>fs our accounting,

imd from experience
II r know they keep our
ri iards in strict con-

lidence.

The IBM 705 didsome
exhaustive calculations

for US . . . calculations

which could not poS'
sibly have been made
by manual methods.

Can IBM Help You in Your Business ?

Telephone or write our nearest office and a qualified IBM representativa

will be pleased to explore the possibilities with you, confidentially.

IBM INTERNATIONAL BUSINESS MACHINES COMPANY LIMITED
Don Mills Road, Toronto 6, Ontário.

Branches in Principal C/fies

THE WORLD'S FOREMOST MANUFACTURERS OF DATA PROCESSING EQUIPMENT
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• LIBRARY NOTES

(Contiiiiifíl froui pa^íc 132)

"biNTWVHF VM) BERECHNUNG VON
STAHLBAUTEN; VOL. I: GRUNDLAGEN DES

STAHLBAUES

The first \olume of a series on the

desijíii and caleiílation of steei structures

eo\ers the followinjí: steel as a building

material; ri\ eted, bolted, and welded con-
lu-etions; mimerical sohitions in statics;

hcndin;; and torsion of beams; stabihty

problenis — buckHng and collapsing; vi-

hration; and the determination of op-
tiuni dimensions and characteristics of

strnctiiral elements. (F. Stussi. Berlin,

Springer-Veriag, 1958. 577p., 55.50 DM.)

"theorie und berechung der
STAHI BRUCKEN, 4tH ED.

In deahng witli the theory and design
of steel bridges the author first discusses

the fnndanientals of elasticity and plas-

ticit>'. He then develops the theory of

plates and of girder grillages, and re-

Naews the stability problem with special

attention to buckling. The rest of the
book is devoted to modern design meth-
ods for highway bridges, solid-web girder

bridges, lattice girder bridges, arch
bridges, suspension bridges, and com-
pound bridges. The book is intended for

the structural engineer as well as for

the student. (A. Hawranek, rev. by O.
Steinhardt. Berlin, Springer-Verlag, 1958.
426p., DM 66.)

"PLASTIC DESIGN OF STEEL FRAMES
In addition to presenting simple plas-

tic theory and methods of plastic analysis,

such secondary design consíderations as
the influence of shear force, axial force,
and buckling are reviewed. Using plas-
tic analysis as a base, design procedures
are given for proportioning building con-
nections with particular reference to
welded connections. A special feature is

the chapter on "Design Cuides" which
provides in chart form the analysis and
design procedures and the secondary de-
sign guides presented in this book. (L. S.

Beedle. New York, Wiley, 1958. 406p
Sl.3.00.)

MECHANICS: PART I: STATICS, 2nD ED.

Following an introduction to statics
and dynamies, the resultants of force sys-
tems and the equilibrium of force sys-
tems are presented as are structures, dis-
tributed forces, and friction. A chapter
is devoted to the principies of virtual
work and shows the type of problenis
for which this method is superior. FuU
use of graphic procedures is made when-
ever they are of advantage, and prob-
lems are included which emphasize prac-
tical engineering situations. In this edi-
tion some of the chapters have been re-
written and many new problems have
been added. (J. L. Meriam. New York
Wiley, 1959. ,39.3p., $5.00.)

°ADVANCED MECHANICS OF FLUIDS

An advanced sequei to the editor's
earlier work, "Elementary Mechanícs of

Fluids". The goal of the present volume
is the development of research methods,
so that the theoretical approach is given

primary eniphasis. Among the topics dis-

cussed are irrotational flow, confonnal
representation of two-dimensional flow,

laminar motion, turbulence, boundary
layers, and free-turbulence shear flow.

(H. Rouse, ed. New York, Wiley, 1959.

444p., $9.75.)

"hIGH TEMPERATURE WATER SYSTEMS

Intended for engineers and contractors

this volume contains data used success-

fully in high temperature water sys-

tems. Design, specification, installation,

application, and economics are presented

in detail. Specific aspects discussed are

pressurizing, boilers and expansion
tanks, system control, circulating pumps,
valves, piping, and process and space
heating. A feature is the complete treat-

ment of the design of a typical system.

(O. S. Lieberg. New York, Industrial

Press, 1958. 21 Ip., $7.75.)

'mechanical properities of non-
metallic brittle materials

Papers which attempt to deWse re-

liable methods of measuring the mech-
anical properties of non-nietalUc brittle

materiais, and to explain the reasons for

their observed behavior. A variety of

materiais is studied such as coal, glass,

rocks, ceramics, and concrete. Topics
covered include strength in conipression,

tension, bending, and shear; elasticity

and creep; dynamic loading, impact,

and fragmentation; action of tools, with
particular reference to coal. These pa-
pers constitute the proceedings of a
conference held in London in 1958. (W.
H. Walton, ed. Toronto, Butterworth.
1958. 492p., $12.75.)

'CONSTHUCTION MANAGEMENT AND
SUPERINTENDENCE

Examines the complex division of

duties, responsibilities, and procedures
among the owner, the architect, and
the contractor. In part one the author
covers the details of construction man-
agement. Using specific examples he
deals with contracts and sub-contracts,

changes of contracts, purchasing and
deliveries, cost records, job office con-

trol,.. and the records necessary to keep
track of hiring and discharging workers.
Part two describes how to supervise

each of thirteen trades to see that the

plans and specifications are followed
from start to finish. Included are sub-

grade work, concrete work, masonry,
roofing, lathing and plastering, floor fin-

ishing, and painting. (W. C. Ross. To-
ronto, Van Nostrand, 1958. 238p.,

$8.25.)

"the PETROLEUM CHEMICAL INDUSTRY
2nd ed.

A description of the major products
and the basic chemistry of the pro-

cesses used, along with an indication of

their commercial possibilities. New
chapters have been included on the his-

tory of the petroleum chemicals indus-

try and on statistics and economics,

while many of the chapters h we been
enlarged and rewritten. (R. F. Gold-
stein. Toronto, McClelland and Stewart.

1958. 458p., $20.00.)

°DYNAMICS OF FLIGHT: STABILITY AND
CONTROL

The underlying principies and tech-

niques of the d>'namics of flight are

presented. Incorporating recent develop-

ments, the author co\ ers static and dy-

namic stability, transient and frequency

response, feedback systems and auto-

matic controls, d>'namics of missiles,

machine computation, and mathematical
aids. In addition material on in\erse

problems and on flight through turbu-

lent air is included. Automatic control

theory is approached from the aeronau-

tical engineer's viewpoint, while ma-
chine computation is approached from
the standpoint of the machine user

rather than the computing speciaUst.

(B. Etkin. New York, Wilev, 1959.

519p., $15.00.)

"manual of structural DESIGN, 4th ed.

A manual providing a wide varietv'

of tables and methods of calculation

used in structural design. This edition

contains entireK" new Information on

concrete joists, slabs, flat slabs. stirrups.

concrete columns, footings, and retain-

ing walls. The steel beani tables are

entireb' revised and new tables ha\e
been added on long span joist, compound
sections, and fireproofing. (J. Singleton.

Topeka. Ives, 1957. 272p.)

"basic GEOLOGY for SCIENCE AND
ENGINEERING

A SN Stematic de\elopment of ph> sical

geology with particular emphasis on

those principies suitable for engineering

application. Among the topics discussed

are soil materiais, ph\'sical and chem-
ical properties of rock materiais, soil

forming processes, streams. shoreline

processes, ground water, wind deposits.

and cnistal deformation. A considerable

niunber of tables and graphs ha\ e been
included. (E. C. Dapples. New York.

Wiley, 1959. 609p., $9.50.)

"COMPACT HEAT EXCHAXGERS

A comprehensive treatinent of com-
pact heat transfer surfaces, including

tube banks, plate fin surfaces, finned

tube surfaces, and screen and sphere

matrix surfaces. .\nal\-tical solutions are

considered for abnípt contraction and
expansion pressure-loss coefficients, la-

minar-flow heat transfer in circular and
rectangular tubes, and the effects of

temperature-dependent field properties

on heat transfer and flow friction. A
chapter is de\"oted to heat-exchanger

performance theory, de\-oloped around
the effecti\-eness \-ersus number of heat-

transfer iniits. Use of tho data and
theor\- is illustratod hy sample problems.

(W. M. Ka\s and A. L. London. To-
ronto, McGraw-Hill, 1958. I56p.. $6.90.)
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ASBESTOLUX^
Canada 's

ali

purpose

building

board "ASBESTOLUX" is here subjected to the full hlast of a flamethrower and
emerges after the test smudged only hy the smoke but otherwise unaffected.

completely FIREPROOF
FOR USE IN FARM, HOME, COMMERCIAL AND INDUSTRIAL STRUCTURES

"ASBESTOLUX" can be nailed, sawed, drilled, sanded and painted with no

danger of cracking or breaking.

"ASBESTOLUX" provides fire protection, structural strength, insulation

and complete stability. It resists moistuie, steam, chemicals, mouids and

corrosive atmospheres. It is liglit in weight. Such qualities combine to make
its application practical from farm to factory in any climate. Zero combustion

rating by Underwriters Laboratories.

AS WORKABLE AS WOOD

I

Complete specification and fire tests data available from

CAPE ASBESTOS (Canada) LTD.
200 BLOOR ST. EAST • TORONTO 5 • Tel. No. WAlnut 1-2139

Distríbutors :

—

LA SALLE BUILDERS SUPPLY LTD.,
Quebec City and Montreal, Que.

ASBESTOS BUILDING SUPPLY LTD.,
Toronto, Ont.

THE WINNIPEG SUPPLY AND FUEL
CO. LTD.,
Winnipeg, Man.
LUNDBERG EQUIPMENT CO. LTD..
Edinonton, Alta.

NORTHERN ASBESTOS AND BIHLDING
SUPPLIES LTD.. ali hranches.

Alberta, Saskatchewan. and
British Columbia.
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MEET THE AUTHORS
The Iate Sír Claude Gibb, KBE, FRS, Hon. iM.E.I.C, chair-
man and managing director, C. A. Parsons and CÒmpany
Limited, Newcastle-upon-Tyne, England. (Graphite in the
World Nuclear Power Program).

Born in Adelaide, Austrália, Sir Claude Gibb graduated
froni the South Australian School of Mines (Adelaide Uni-
versity) and later did post-graduate study at London and
Durham Universities to obtain his doctor's degree. In the
fírst World War he was a pilot in the Australian Flying
Corps and in the Second World War he was Director
General, Armoured Fighting Vehicles and chairman of the
British Tank Board.

He started his industrial training as a íjtter at the
Heaton Works of C. A. Parsons and Company Limited,
rising rapidly to chairman and managing director, which
position he held at the time of his death.

In 1945 he was honored by the King with a knighthood
for his war work and in 1956 was made Knight of the
British Empire for his outstanding contribution to the de-
velopment of atomic power.

We are indebted to Mr. H. B. Topham, director and
general manager of the Anglo Great Lakes Corporation
Limited, for preparing this paper for publication in The
Engineering Journal. Mr. Topham was personal technical
assistant to the late Sir Claude Gibb for twenty years.

N. W. Radforth, professor of botany, McMaster University,
and Jean Margaret Evel, organic terrain studies, National'
Research Council and Defence Research Board (Mohility on
the Muskeg Frontiers).

Mr. Radforth was born in England and emi-
grated to Canada in 1920. He graduated from the
University of Toronto in Honour Biology in 1936
and began teaching in that university in 1939. In
1946 Mr. Radforth was appointed as head of the
department of botany, McMaster University and
became the first director of the Royai Botanical
Gardens, Hamilton. Recently he was awarded a
Royai Society of Arts (London) silver medal for a
paper on peat in Canada and Britain and its

economic implications.
Jean M. Evel

Miss Evel was born in Hamilton, Ontário and received
a B.A. from McMaster University in 1948 in botany and
zoology.

From 1948-1952 she participated in floristic studies of
counties bordering the north shore of Lake Erie for the
Ontário Research Council. She has held her present position
sínce that time.

A. C. Blue, M.E.I.C., chief, mechanical section, and E. M.
Scott, M.E.I.C., assistant manager, both of the engineering
and construction division of The Manitoba Hydro-Electric
Board (Special Features of the Brandon Generating Station).

Mr. Blue graduated from the University of Toronto in

1921 with B.Sc. joining the Manitoba Hydro-Electric Board
in 1956 after many years of e.xperience with other firms.

Mr. Scott graduated from the University of Manitoba in

1946 with B.Sc. in electrical engineering. He served three
years as chief, electrical section, engineering and construc-
tion division before being appointed assistant manager of
the division in 1959. He has served also as chairman of the
electrical section of the Winnipeg braneh of the Engineering
Institute of Canada.

P. A. Pasquet, M.E.I.C., chief project engineer, thermal
division, A. C. Shamess, M.E.I.C., director of Electrical
engineering and W. P. London, M.E.I.C. chief engineer,
thermal division, ali of H. G. Acres & Company Limited
(Special Features of the Brandon Generating Station).

Mr. Pasquet graduated from Queen's University in 1942
with a B.Sc. in civil engineering and joined his present em-
ployers immediately.

Mr. Shamess, graduated from the University of Toronto
with a B.A.Sc, in electrical engineering in 1946, serving with
the R.C.A.F. prior to his graduation. He joined his present
employers in 1949.

W. P. London graduated from the University of New
Brunswick with B.Sc. in 1934. He was employed by the
New Brunswick Electric Power Commission and the Bathurst
Power Compauy before joining his employers' firm in 1941.

G. E. Waters, M.E.I.C, supervising engineer, plant depart-
ment, Canadian Broadcasting Corporation, (C.B.C. Tele-
vision Neticork Program Delaij Centre).

Mr. Waters was educated in England and worked with
the B.B.C, (except for the World War II years). He carne to
Canada and since 1953 has been with the C.B.C. He is a
member of the Institution of Electrical Engineers and of the
Corporation of Professional Engineers of Quebec.

J. B. Bryce, M.E.I.C, Hydraulic engineer, Hydro-Electric
Power Commission of Ontário, (Head-Loss Coefficienti- for
Niagara Water Supply Tunnels).

Mr. Bryce graduated from the University of Toronto in
civil engineering in 1935 and obtained his M.A.Sc, degree
in hydraulic engineering in 1936. After graduation he joined
the Ontário Hydro and became hydraulic engineer in 1953.
From 1938-40 Mr. Bryce was with the National Research
CounciKs hydraulic laboratory. He also serves on Interna-
tional St. Lawrence River Board of Control.

(At time of going to press no information was available on
Mr. R. A. Walker, the co-author of this paper).

A. M. Lount, M.E.I.C, consulting engineer, A. M.
Lount and Associates {The Use of Electronic
Computers in the Field of Civil aríd Structural
Engineering )

.

Mr. Lount graduated from the University of
Toronto in 1946 with a B.Sc. in civil engineering.
He worked seven years for Ontário Hydro Com-
mission and with the engineering division of Pre-
Stressed Concrete. He formed partnership with
Dr. Lazarides in 1953 and in May 1957 formed his
own firm, A. M. Lount and Associates.

T. Blench, M.E.I.C, professor of civil engineering University
of Alberta {River Engineering as a College Course for Civil
Engineers )

.

Professor Blench received his B.Sc. with Ist Class
Honours in civil Engineering and mechanics from the Uni-
versity of Glasgovv, 1927.

With Irrigation Branch, Public Works Department, Pun-
jab, índia, 1927-48 Professor Blench became director of
irrigation research. He served in índia from 1942-45 being
in charge of Air Force Works Research and Development
Section. In 1948 he joined University of Alberta staff, and
also carries on a consulting practice.

R. L. Duke, section engineer, mill industries, and L. R. Hulls,
application engineer, Canadian Westinghouse Company
Limited {Magnctic Amplifier Control for Reversing Hot Mill
Auxiliaries )

.

Mr. Duke was born and educated in Vancouver, gradu-
ating from the University of British Columbia with' B^^A.Sc.
in electrical engineering in 1941. He worked as an engineer-
ing apprentice for Canadian WesHngliouse Company Limited
and in 1943 became a section engineer.

L. R. Hulls, was bom in Britain, graduated from Man-
chester University in 1943 in physics and electrical engineer-
mg. On graduation he worked widi Signals Re.search De-
velopment Establishment until in 1949 he became chief of
industrial electronic section at English Electric Company. He
has held his present position since 1955.
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BAILEY at Queen Elizabeth Power Statíon

Saskatchewan Power Corporation, Saskatoon, Sask.

At the Saskatchewan Power Corporation's Queen Elizabeth Power Station,

Bailey Meter Company Limited was selected to supply the following equipment.

Bailey Combustion Control System — controls the burning of natural gas,

fuel oil or pulverized coal in each boiler according to plant load and maintains

optimum Air-Fuel ratio regardiess of fuel selected.

Bailey Three-Element Feedwater Control Systems — control rate of feed-

water flow in proportion to plant load and maintain water leveis constant in

each drum.

Bailey Steam Temperatura Systems — maintain constant steam temperature

by superheater iniet condenser type control.

Bailey Boiler and Turbine Metering Equipment — indicate and record boiler

cnd turbine operation.

Consulting Engineerst Hanright and Company Limited, St. Catharines, Ontário.

Instruments and Controls for Power and Process

BAILEY METER COMPANY LIMITED

Bailey vertical panelboard

ond miniaturized control con-

sole (foreground) comprise

the "brain centre" of the

boiler plant.

7980 CLAREMONT AVE.
HALIFAX - MONTREAL - OTTAWA - TORONTO

MONTREAL 6, QUE.
WINNIPEG - CALGARY VANCOUVER

MEMBER, CANADIAN BOILER SOCIETY
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GRAPHITE IN THE WORLD
NUCLEAR POWER PROGRAM

The late Sir Claude Dixon Gibb, k.b.e., frs, hon. m.e.i.c.

Chairman and Managing Director,

C. A. Parsons and Company Limited,

Newcastle-upon-Tyne, England.

The followinK paper was in an advanced stage of preparation by the

late Sir Claude Gibb at the time of his death on January 15, 1959.

He was writing it for presentation at the 1959 Annual General and

Technical Meeting of the Engineering Institute of Canada.

Through the kindness of Mr. H. B. Topham, a coUeague of the

late Sir Claude for more than twenty years, the paper was completed

and presented as scheduled at the 1959 Annual Meeting.

The Engineering Journal is privileged to bring to its readers this

paper, by one of the world's most distinguished engineers.

Fig. 1. Aerial view of graphite plant including Stella North and South power
stations.

AMERE ELEVEN YEARS sep-

arated the terror of Hiroshima

and the potential blessing that Calder

Hall offered to the world.

Devastation in 1945 demonstrated

the power of the atom. That power

is now tamed and turned to the

benefit of mankind. The heat gene-

rated when fission takes place in an

atom has been controlled and means

found to extract, and then use it to

raise steam for driving turbo gene-

rators for the production of electricity.

Almost every schoolboy today

knows that one in every 140 parts of

uranium metal is the isotope U235,

the remainder being U-^ss- The

U235 atom is capable of splitting and

in so doing a neutron detaches itself

and, if it hits in its path another U235

atom, a further fission occurs releas-

ing two neutrons which, under con-

trolled conditions, can create further

fission, each time creating energy

which appears in the form of heat.

If the neutron from the U235 atom

hits a U23,s atom, then a new sub-

stance U239 can be formed called

Plutonium which in itself is fissile,

i.e. is capable of splitting and releas-

ing one or more neutrons which thus

could maintain the chain reaction or

continuous controlled fission.

If uranium be specially prepared

so that it consists wholly of the fissile

isotope U035 there would be so many
neutrons available to generate heat

that only minute quantities could be

arranged together, or else the rate of

the chain reaction would release so

much energy as to create a bomb
effect. Natural uranium metal with

only one part in 140 being fissile is

entirely harmless and safe and can be

handled in large quantities without

fear of any bomb effect developing.

Wholly enriched uranium is extremeh'

dangerous, while in between those

two extremes there can be an almost
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intinito lange of enrichnient from the

ontirrlx saFe to the ver>' dangerous.

Eiiricliiueut

Enrichnient is uraninni wliich has

had the percentage of tlie fissile iso-

tope U235 artificially increased by
man. This am be done in several

\va\'s, e.g. by ultra high speed cen-

trifuging whereby the non-fissile

hoavier isotope U-y.^s is separated from
its lighter but fissile companion U^;^5.

But the method almost universally

used is to prepare uranium hexa-

fluoride which becomes a gas at a

moderately high temperature which
then is pumped through successive

stages or cells where the inlet and
outlet to the cell are separated by a

porous membrane which allows the

lighter U^iiõ isotope to diffuse through

at a faster i-ate than the heavier Uosh
and by doing this in series a great

many times, eventually it is possible

to produce material that is almost

entirely U235 and therefore wholly

fissile. Such material is extremely ex-

pensive, being costed at so much per

gram, because of the high capital cost

of the plant required and the huge
quantíties of electricity consumed in

driving the compressors to maintain

the uranium hexafluoride gas in the

circuits.

It will be evident to engineers who,
quite early, learned in life that "you
.can't get 'owt for nowt" that if you
start with 140 pounds of natural

uranium which would contain about
one pound of the fissile isotope U235,

and, after passing this through the

enrichment plant, you finish up with
one pound of U235 separated from,

instead of mixed with, the non-fissile

and powerwise almost useless Uogs.

the amount of potential energy avail-

able is precisely the same except that

that potential energy now weighs one

pound instead of 140 pounds. But a

very large amount of energy in the

form of electricity has been used to

concentrate the potential energy in

the uranium.

More Potential Power

The advantage of enriched uran-

ium, — even if it is only slightly

enriched, — is that more neutrons

and therefore more potential power
can be contained in a given volume.
If, for example, with natural, i.e. non-

enriched uranium, an output of 200
M.W. eléctrica] can be obtained from
a reactor core say 40 feet in diameter,

then an output at least double that

should be possible from the same
core if instead of 0.07? of U235 in

the fuel we could enrich 0.14?, i.e.

double the amount of the fissile iso-

tope. That reactor core has to be
surrounded by a biological shield of

the equivalent neutron absorbing

capacity of say 9 feet thick of con-

crete. Hence the use of enriched fuel

(uraniimi) enables a greatly increased

output to be obtained from a given

quantitx of shielding concrete and a

reduction in the cost of other equip-

ment.

Cost Analysis

It will be obvious that if the

cost of the electricity used in the en-

riching process plus the capital

charges of the necessary plant ex-

ceeds the saving in capital charges

due to reductions in construction size

and costs of the enriched fuel reactor,

then there is little or no advantage in

enrichment. Only if electricity costs

are extremely low and the enrichment

plant has a \'er\- large throughput is

it likely that a nuclear power plant

using enriched fuel could compete

economically with an indigenous fuel

in most countries.

An inherent disadvantage of a

natural uranium fuelled reactor is

that the number of neutrons available

for fission per pound or per ton of

uraniimi are so few that neutron

economy is of the utmost importance,

but also, the minimum quantity of

uranium necessar> to maintain the

essential chain reaction is quite large

and such a reactor becomes increas-

ingl\- economic as its outpxit increases.
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There is a minimum output below
which the reactor cannot function and
for very small outputs enriched fuel

is essential.

Heavy Water

When fission occurs, the neutrons

travei at great speed, exceeding the

speed of light in fact, and to increase

the chances of the neutrons splitting

another fissile atom they must be
slowed down by what is called a

moderator. There are several modera-

tors, the most efficient being heavy
water since the number of neutrons

captured by heavy water is the small-

est of known moderators and there-

fore the ali important neutron econ-

omy is a maximum. The whole of the

Canadian research and development
effort into efficient nuclear power
production is based upon the use of

heavy water as the moderator.

Beryllium or beryllia (the oxide) is

another good moderator but is ex-

pensive and in short supply as well

as being somewhat difficult to handle

because of possible toxic effects.

Hydro carbons of the benzene ring

family such as diphenyl or terphenyl

are known as organic moderators and
although suspect for a long time be-

cause of their known polymerisation

under irradiation, it is now known
that this effect is not necessarily so

serious as to preclude their use. Active

research is proceeding into the use of

organic moderators but it seems likely

that their use in a reactor would in-

troduce complications which would
appear to be undesirable.

Demineralised light water is another

possible moderator but with this the

neutron capture is so high as to re-

quire the use of enriched fuel.

Graphite

Still another choice as a moderator

is the carbon atom in the form of

high purity graphite. Graphite as a

moderator has advantages and dis-

advantages. Its disadvantage is that

it captures many more neutrons than

heavy water or diphenyl although less

than light water. Its advantages are

that it has considerable strength as a

structural material even at very high

temperatures and that it is relatively

low in cost. Heavy water costs some
$70,000 per ton against about $1,800

per ton for graphite machined to the

shapes and sizes required for a reac-

tor. But the weight of heavy water

required purely as a moderator for a

given electrical output is so much
less than the weight of graphite that

the moderator total cost with heavy
water may not be that much above
graphite as to be at least balanced

by the greater neutron economy
achieved. With heavy water the

minimum output of a reactor fuelled

with natural uranium is appreciably

lower than with graphite.

When, in Britain, in 1948, the

feasibility study that led to Calder

Hall was begun, it was realised that

the highest neutron economy would
be achieved by using heavy water as

the moderator. The only available

source of heavy water at that time was
the United States of America although

small supplies were being produced
at Trail, B.C., and in Norway.

Availability of both heavy water

and dollars at that time had to be
weighed against the disadvantages of

graphite. Beryllium was not available;

diphenyl was suspect, and light water

demanded enriched fuel which was
not available. The decision was taken

to adopt graphite as the moderator
for Calder Hall, and although tenders

were invited for three fully commer-
cial nuclear stations in Britain before

Calder went criticai or was known to

be a success, those further designs

were also to be grapliite moderated.

The lugent need for Britain to find

a fuel supplementary to coal or oil

was and is so great that with en-

riched fuel unavailable and heavy
water too costly in dollars to be con-

sidered, the nuclear power program
had perforce to be based upon graph-

ite and natural uranium.

Fig. 5. Batch Mixers.
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Sixlecii Rcactors

1'nder cDnstniction iii Britain today

are sixteen giaphite moderated rcac-

tors, cight at Calder Hall and Chapei
Cross optimised for the prodiiction ol

plufonium with electricity as a by-

product and two cach at Bcrkeley,

Biadwell. Hiinterston and Hinklcy

Point, the latter cight bcing optimised

for electricity production with pluto-

nium as a by-product. The total elec-

trical output of the sixteen reactors is

1,680 niw. nett. The cost of the nu-

clear power stations already on-load

or under construction exceeds $600
million and is an indication of the

faith we have in Britain in the

graphite moderated type of reactor.

Reactor designers and research

workers in Britain, however, are by
no means neglecting the possibilities

of the heavy water or organic mode-
rated reactors for both small and large

outputs of electrical power. For small

outputs of say 20 to 30 mw. where
natural uranium, graphite moderated
reactors are both uneconomic and
unsuitable, the heavy water moderated
gas-cooled reactor is regarded as ex-

tremely promising.

But the potential of the graphite

moderated gas-cooled reactor for large

outputs is so great that attention in

Britain is being devoted largely to

their future development particularly

in ways to further reduce capital costs

which form such a large part of total

generating costs.

GRAPHITE PRODUCTION
Only graphite of the highest pos-

sible purity is suitable as a moderator.

Minute traces of boron for instance

would so increase neutron capture as

seriously to impair neutron economy
and lead to an increase in- reactor core

size and the amount of uranium fuel

charge. The maximum neutron cross

section capture which can be tolerated

is 4.0 millibarns but a figure as low

as 3.75 can be obtained regularly if

the utmost (and expensive) precau-

tions are taken in the selection, trans-

por t and processing of the raw
materiais.

The moderating or slowing down
of fast neutrons is a function of the

mass of the graphite. Hence a greater

volume of low density graphite is

required than for high density ma-
terial and thus maximum density is

required to reduce the overall reactor

core dimensions and thereby reduce

capital costs. A minimum density of

1.70 is specified for British 'A' grade

graphite but in fact an average den-

sity of 1.75 is achieved in large scale

production while 1.78 to 1.80 can be

reached by adding an extra impreg-

nating and baking operation. It is

however a question of economic bal-

ance between the saving in overaU

reactor costs excluding graphite and
the additional cost of increasing the

density.

Structural Strength

Graphite. as engineers generally

think of it, in the natural or flaked

form when used as a semi-dry lubri-

cant, is useless for a reactor modera-
tor. A graphite reactor core for an
output of say 250 mw. electrical will

be some 45 ft. in diameter and over

30 ft. high. It will be built up from
bricks approximately 8 in. square by
30 to 36 in. long. And it will operate

at a temperature approaching 1000°F.
in the centre of the core. Hence con-

siderable structural strength is neces-

sary.

The three essentials therefore for

reactor quality graphite are:

—

a) Highest possible purity.

b) Maximum densit\- that is eco-

nomic.

c) Adequate structural properties.

The requisite physical properties

can only be obtained by emplo\"ing a

structure which is interlocking and
not laminar as is flaked or natural

graphite. Furthermore, natural graph-

ite as mined has so many impurities

as to be useless without very expen-
si\e separation operations.

The graphite used in reactors is a

Fig. 6. Cooler in Mill Building. Fig. 7. Extrusion Press.
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Fig. 8. Extrusion Bay.

synthetic type, produced from high

purity petroleum coke and equally

high purity low ash coal based binder

pitch. The transition stages from these

raw materiais to the finished product

call for considerable science in selec-

tion, grading and control, but at least

an equal amount of art in the shape

of extensive manufacturing experi-

ence.

When the British Government in

1956, announced their extended nu-

clear power programme based upon
graphite moderated gas-cooled reac-

tors, there was only . one source of

supply in Britain for reactor quaHty
graphite and this source was inade-

quate to meet the quantities which
would be required. The United King-

dom Atomic Energy Authority de-

cided to extend the factory of the

existing producer and to provide an
alternative supply source.

New Factory
The description which íollows is

of the new factory built as the alter-

native supplier.

It will be obvious that The Nuclear
Power Plant Co. Ltd., a consortium of

eight companies especially experi-

enced in one or other portions of a

complete nuclear power station, had
a special interest in the availability

and quality of the graphite required
for reactor cores. Hence four of those
eight member companies agreed to

provide staff and much of the finance

necessary to construct and operate a

graphite factory, but, to buy time be-

cause speed in getting into production
was essential, they would need tech-

nical assistance in design and early

operation.

The Great Lakes Carbon Corpora-
tion of U.S.A. had graphite factories

at Niagara Falis, New York State, and
at Morganton, North Carolina and,

although these factories produced
commercial grade graphite, they had
prepared limited quantities of reactor

quality material. The Great Lakes
Carbon Corporation had, during 1955,

considered the possibility of building

a graphite factory in Europe to meet
a market there for electric steel fur-

nace electrodes and other commercial
graphite demands. Discussions be-

tween the interested British companies
and the Great Lakes executives in-

dicated the likelihood of reaching
agreement speedily on a basis for co-

operation in design, construction and
operation.

When producing nuclear graphite

to a very rigid specification it was
obvious that some rejected material

would arise. Additionally, some of the

high purity coke used as packing ma-
terial during the baking cycle in

producing artificial graphite can only

be used once in case it receives any

contamination, yet that packing coke

may well be suitable as raw material

for producing commercial grade

graphite. So also would be rejected

nuclear graphite. Hence the decision

was taken to consider the economics

of a factory capable of producing

10,000 long tons a year of nuclear

graphite plus 5,000 tons a year of

commercial grade graphite.

New Company
The economic study made showed

that such a factory was just about

the minimum output that would be
competitive, and agreement was
reached between the U.K.A.E.A.; the

Great Lakes Carbon Corporation and
the four British firms to proceed at

once. A new British company was
formed called Anglo Great Lakes Cor-

poration Ltd., and construction began
in February, 1957.

The selection of a suitable site was
extremely difficult. Since no petro-

leum coke is produced in Britain, that

major raw material would have to be
imported and hence sea or river access

was desirable to reduce handling

costs. Much of the finished product
would have to be delivered long dis-

tances and therefore rail access was
desirable.

Large quantities of electrical power
would be used at a very high annual
load factor, but v\ith considerable

phase unbalance at frequent intervals
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íiecaiise the <íi'aphitising fiiniaccs are

each siugle phasc. Fiiialh , tlie tactoiy

eniits some smoke with pitch fumes
and tluis should not create a nuisance

to a losidential area. On the other

hand, a staff of over 300 would be
l eciuired and these must not have too

íar to tra\ cl.

Newbum Ilaiigh

The onl\- site fulfilling ali these re-

(luiienients was adjoining the Stella

Xoitli generating station of the Cen-

tral Electricity Generating Board and
had been reserved by them for pos-

sible extensions. Since, however, the

majority of the nuclear graphite to

be produced would be used in the

Generating Board nuclear power
stations, they agreed to release the

site for the erection of the graphite

factory. Fig. 1. shows an aerial view

of the completed plant at Newburn
Haugh, some five miles west of New-
castle upon Tyne, with Stella North

generating station and its four cooling

towers on the north side of the River

Tyne and Stella South generating

station on the south or left bank of

the river. Stella North has four 60
mw. turbo generators and Stella

South five 60 mw. units. The two
stations are interlinked at 132 kv. and
are connected to the 275 kv. super

grid running north to Scotland and
south to Yorkshire. Hence a double

circuit 132 kv. connection direct from
Stella North, a matter of only 1,000

yards provides adequate safeguards

for continuity of supply to the graph-

ite factory which is important.

RAW MATERIALS
The petroleum coke is received in

Fig. 10. Impregnators

bulk by sea and unloaded b\' a grab

mounted on a dockside crane. Fig. 2.

shows a Dutch coaster being unloaded
at the wharf of the Anglo Great Lakes
Corporation. The grab delivers the

coke into a hopper attached to the

crane and travelling with it, and, by
an electric vibrator, is passed to con-

veyor belts which take it to the

primary crusher and thence by a thii^d

conveyor to the top of ten reinforced

concrete storage silos, Fig. 3. where
a cross conveyor delivers to the silo

selected. Continuous sampling is done
at this point.

The binder pitch at present is de-

livered by rail but consideration is

being given to the possibilit>' of de-

livering it in bulk by a coaster to the

Fig. 11. Graphitising Fumaces.

coke wharf. At ali stages in the de-

sign of the factor\', the tmism that

"handling adds nothing to the \alue

of the product but does add to the

cost" was alwa\'s in mind and bulk

handling of the pitch is a potential

means of reducing manufacturiiig

costs.

The relatively low melting point

impregnating pitch is delivered in

sealed containers by road.

THE PROCESSES
The petroleum coke after going

through the primar>' crushers en route

to the silos is drawii from the bottom

of the appropriate silo and part of it

is crushed before being sized on

\ibrating screens. The remaiiider is

passed by chute to a Raymond t\pe

pulverising mill, to be reduced to

flour size and con\'eyed to one of a

series of bins each containing one of

a range of particle sizes.

Depending on the densitx" required

and the dut\' for which the grapliite

is needed, the quantity of each par-

ticle size range is selected hy the

Technical Superintendent b\- a com-

bination of science and art. Long ex-

perience has shown that there is a

considerable scale effect betweer,

laboratory or pilot plant results and

full scale production tests. Althougli

high quality scientists are eniployed

in the research laboratoríes both foi

(jualit)" control of raw materiais and

of fiuishcd product and for ctmtinual

research into improved techniques.

there is alwa>"s the necessitx for th»

production mau to make adjustmcnts
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Fig. 12. Power Transformer?.

in manufacturing techniques based

upon a long experience. There is no

direct road from labora tory to full

scale operation.

The binder pitch similarly is pre-

pared by crushing but as the pitch

must be thoroughly mixed with the

coke and, in effect, wet the coke, the

pitch is crushed to a fairly uniform

fineness yet largar than powder to

assist handling.

Electro Pneumatic System
At the Anglo Great Lakes plant.

the weight of each particle size and

the weight of binder pitch having

been selected, the actual weighing

and distribution to the next process is

done automatically by an electro-

pneumatic system. The control board

for this is shown in Fig. 4. Consider-

able difficulty was experienced in

securing uniform and accurate batch

weights at start-up due to the choking

of filters with coke flour, i.e. coke

passing through a 200 mesh sieve.

Changing the type of filter and in-

creasing their size was most effective

and the amount of material lost in

batch weighing is about one half of

one percent and appreciably less than

occurs when scale car weighing.

Each batch of coke and pitch after

weighing is delivered to a heated
mixer where the temperatura is raisad

sufficiently to ensure the coating of

aach coke particle with pitch and a

thorough mixing. Fig. 5. shows a

part of the two rows of mixers.

The mixers discharge onto a band
conveyor at a temperature which gives

the batch a consistancy rathar like

very stiff putty. Wera it axtruded to

shape at this temperature, damaga
and deformation in handling would
occur. The "mix" is therefore passed

through a cooling mill, Fig. 6. and,

at the appropriate temperature,

loaded into the extrusion press, shown
in Fig. 7. Temperature and consís-

tency control at this stage is of great

importance with experience playing a

much biggar part than science. No
one temperatura will give satisfactory

results in shape maintenance over

varying cross sections.

The extrusion press drum is trunion-

mounted so that it may rotate into

three positions. Midway between
vertical and horizontal it recaivas the

charge of tha mixtura from the cool-

ing mill. Next, in the upright position,

a tamping ram consolidates the mix-

tura and finally, in the horizontal

position, the main ram extrudes the

material through an electrically-

heated die. The press is equippad
with interchangeable reducars, so

that a full ranga of dies may be used

to produce either square bricks of

nuclear graphita or cylindrical elac-

trodes for steel fumaças.

Green Stock

The axtruded material as it laaves

tha die is of "cheese-lika" consistancy,

which may be cut to required lengths

by travelling shears bafore being

transferred to a cooling belt. When
cold the material, now known as

green stock, is closely examined to

make sure that its density, resistivity

and general physical properties are up
to specification.

Exceptionally fast steel works'

cranes, arranged at two leveis, are

used to transfar batchas of the

grean stock from the extrusion bay,

shown in Fig. 8. to the baking bays,

Fig. 9. where it is then loaded into

muffle tvpe furnaces for baking at

about 1,Ó00°C.

In the baking process tha binding

pitch in the graan stock loses its vola-

tiles and is reduced to coke. For this

operation the bricks are loaded ver-

tically into the baking furnaces and
to prevent distortion and assist con-

duction of heat thay are packed

tightly with petroleum coke. The heat-

ing and cooling cycle in the baking

furnaces takes about two waeks.

Baked stock is lifted out of the

baking furnaces before it is cold onto

a cooling belt at the end of which is

a wire brushing machine to remove
any loosa packing material adharing

to tha surface. A further ciosa inspec-

tion is then made to check density,

resistivity and any visible signs of

cracks or distortions.

The density of the material may
then be incraased, if required, by im-

pregnating with a petrolevun pitch.

Fig. 10 shows a vacuum pressure im-

pregnator designed to redúce the air

pressure to within one or two milli-

meters from perfect, and shows that

the baked stock, which has baen

heated to over 200° C. enables the

pitch to penetrate fully into any voids

caused during the previous baking

process. Whilst immersed in pitch the

vessel is subjected to a pressure of

over 100 Ibs. par square inch.

To obtain higher density for nuclear

graphite it may be given further bak-

ing and impregnating treatment,

though with diminishing returns for

each successive cycle.

Furnaces
The last operation is to change the

amorphous carbon sections into

crystallina graphite by heating it to a

temperatura of at least 2,800 °C. in

a muffle furnace. The stock is mech-
anically handled from the baking bay
into the graphitising bays where it is

placed into one of thirty electric re-

sistance furnaces, a group of which
may ba seen in Fig. 11. The fumaças
are arranged on each sida of haavy

busbars to which thay may be con-

nected by specially designed switches

mounted on cranes which traverse

pressurised busbar chambers. Graphite

furnace transformers feading the bus-

bars, which are single phase, are care-

fully controlled to take a balanced

load from duplicate 132 kv. power
lines supplying two power transform-

ers, Fig. 12.

A special feature in the production

of nuclear graphite is the mainten-

ance of exceptionally claan conditions

at ali stages of manufacture and in

maintaining the freedom from con-

tamination, which is the prime con-

cern in the salection of raw materiais.

Efficient dust control is maintained

together with regular \ acuum cleaning

of the entire factory. The contamina-
tion, which could be picked-up from
handling equipment, fvnnaces and

(continited on page 53)
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MOBILITY

on the

MUSKEG FRONTIERS

Norman W. Radforth, Department of BioJogy,

Hamilton College, McMaster University, Hamilton, Ont.

Jean M. Evel, Organic Tcrrain Studies,

National Research Coiincil and Defence Research Board.

THERE ARE SÍGNS — fixed and
commanding — that exploitation

of the petroleuni potential of jiortliem

Noith America may either end abrupt-

ly or plunge the oil industiy into a

type of financing that contempoiary

economics vvill label prohibitive. The
leason? Muskeg, better designated

Organic Terrain. On the present fron-

tiers of exploration in the northlands,

this type of terrain is no longer a

new acquaintance and indeed no
longer casually impedes. There are

fevv places where it does not present

a barrier to operations. To surmount
this barrier imaginative engineering

skill has been combined with two
new studies — Terradynamics and
Pahieovegetography.

Imagine extensive beds of peat fre-

quently heavily charged with water

as Hquid or ice. If this is conceived

as covered above by special but

varied vegetation and beiow by min-

eral soils differing as to properties,

and the whole complex characterized

by special physiographic circum-

stances—then the meaning of Mus-

keg will be basically understood. It

follows naturalh- that Muskeg is best

described as Organic Terrain.

The interpretation of the histor\"

and structure of the ancient (fossil-

ized) vegetation, the predominating

component of the terrain contributing

to the peat, is known as Palaeovegeto-

graph\ . It is a new stud\- which

probably would never ha\e arisen

had it not been for the fact that

Organic Terrain exhibits a wide range

of difference.

It is these differences that ha\e

precipitated the other new discipline

known as Terradynamics, ^ the study

of accessibilit\' over organic terrain

and the design of new vehicles pertin-

ent to this stud\'.

When considered in the light of re-

search, organic terrain has not re-

vealed itself as a disorderly médium,

problematical though it has proved

to be. Identification of its niost fre-

quently encountered types is depend-

ent on recognition of only nine major

categories of vegetation co\ er.- These

are designated b\- letters A to I and

alniost invariabh- occur in combina-

tion. The latter are known as cover

formulae, a few common examples of

which appear in Fig. 2. Thus. an

example of organic terrain like that

shown in Fig. 3 can be completely

defined as to co\er t\pe on the basis

of formulae. The \alues of the letter

symbols are transcribed largely in

terms of plant stature, structure dis-

position and degi ee of woodiness.^

In recording the kind of cover it

is important to indicato the area and

shape of the sample of terrain under

consideration. Fig. 1 shows two t\pes

Fig. 1. Diagram showing space relationships for two major muskeg types. Note that

sampling (e.g. small area in F 1 ) in arbitrarily selected áreas (e.g. the outer limits

of the diagram ) must take into account cover formulae delineation.

50 THE ENGINEERING JOURNAL—JULY 1959



of cover designated by cover formu-

lae El and FI. If the area selected for

study is that shown as having the

dimension x feet as its width, the

quality and properties of the muskeg
for which it would be symboHc would
differ from those for which El pre-

scribes, and differ again were the

area to overlap from FI into El. In

the case of FI, the peat would be

constructed of a non-woody, fine-

fibrous material existing with a high

proportion of soft granules having no

special shape. Where there is El

cover, it would represent peat struc-

ture also rich in non-woody fine-

fibrous material, but with an abun-

dance of woody particles much more
resistant to compressional forces than

are the shapeless (amorphous) gran-

ules. A transition condition occurs

where the two cover types merge.

Only two types of structural con-

dition are shown in Fig. 1. There

are 16 that occur frequently. Each is

characterized by its own set of prop-

erties. Besides these there are other

features, for example, topographic

ones, which are often diagnostic.

Thus, where there is a peat of rela-

tively coarse structure as compared
to that beneath FI, it is often the

case that ridges and mounds occur in

the surface. In the spring these con-

tain mounds of ice, producing a con-

dition known as knolling.

The real key to relationship among
surface cover, topography and peat

category is found in a more special-

ized aspect of Palaeovegetography. It

utilizes discreet microscopic units

known as microfossils, biological in-

Fig. 3. Shown here is a typical examplci
categories of terrain, can be defined as

Fig. 2. Some
common ex-

amples of cover
formulae.
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dices that provide the means for

historical and spatial sequence in the

peat. Extensive study of these Ín-

dices of organization has facilitated

techniques of prediction concerning

the structure of the terrain, and be-

cause of this ciicumstance, much in-

formation about a given expanse of

organic terrain can be provided in a

muskeg laboratory without reference

to actual field experience.

Fortunately, air-photo coverage is

of organic terrain which, like ali other
to cover type on the basis of formulae.

now available for the vast áreas of

organic terrain in the north. Now that

it is known in general terms what
cover formulae mean in relation to

peat structure, stereo-pairs or mosaics

of photographs showing ground cover

can be used to predict structural con-

ditions in the terrain. The highest

altitude at which interpretation and
prediction has been attained is at

30,000 ft. Obviously, at high altitude,

cover formulae as they are known on

the ground or at low altitude, appear

to merge and any initial design that

they effected gives rise to a new
order of pattern. Detection of pat-

tern, significant with reference to

cover formulae, is a study in itself.

The technique of detection has been

explained elsewhere.^- * Its applica-

tion is essential if selection of route

or any engineering development or

operation in organic terrain is con-

templated.

Usually route selection presupposes

some knowledge of the fundamentais

of Terradynamics. On the other hand,

the latter is dependent upon the dis-

closures of Palaeovegetography. Thus,

mobility on organic terrain is never

adequate unless prescription for it

is based on modem terrain interpre-

tation. Indeed, failure is certain when
the mechanical aids designed to

achieve optimum mobility are care-

lessK' and indifferentK' applied with

respect to the t\'pe or types of mus-

keg encountered.
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Opeiations on imiskeg reveal tei-

rain variabilit\' ol surli iiiuisual oídcr

tliat (.Míiíineeis ainl fontractois are

fonfroiited witli prohlcMiis of a coiii-

pouiul natuio. A gi\ en \ehicle opeiat-

ing acliHiuatel\' in one kind of muskeg
and tloing the work assigned to it

w ill nsually either fail or fali sliort

oí nv|uiienicnts on another kind of

nniskeg. Tlieie are novv at least three

t\pes of \'ehicles that will successful-

K negotiatc 90% of the terrain with

El cover shown diagrammatically

in Fig. 1. The 10% that they will

not negotiate is often so distrib-

uted as to effectively terminate an

operation such as the construction

of a road from an air strip to a drill-

ing site or even delivery of snpplies

(for example, cement) where off-the-

road access has been planned. For

the FI cover the same vehicles vvonld

successfnlly traverse approximateh'

only 50% of the terrain.

The reason for failure is usually

twofold. One is that local terrain in-

terpretation has not been adequate

and the operator is uninformed or ill-

advised. The other is that vehicle

design is not sufficiently broad in its

scope to accommodate for the diverse

terrain conditions. It is a misconcep-

tion that failure is always the direct

result of a vehicle or vehicles sink-

ing out of sight in the muskeg. Some-
times they sink only one or two feet

and cannot be extricated either be-

cause of their own mechanieal inad-

equacy or by reason of the fact that

no device is available for pulling them
out. Often it is not vehicle subsid-

ence that limits an operation. It may
be a characteristic terrain irregularity.

Ice-knolling and irregular margins of

peat plateaux are examples of this.

The former condition is not only

difficult to traverse, it is extremely

hard on the drive and suspension

mechanism of the vehicle. It is most

devastating during the period April

to June when the peaks of the knolls

are at their highest amplitude (2-3

ft.). Distance between peaks is such

that frequently the weight of the

machine impinges on too few points

on the tracks. This is accompanied by
high freciuency of impact of the track

surface against the peaks. Because of

this, steering is difficult and acceler-

ation rate is constantly changing. The
operator must be alert with the brakes

and gears and must anticipate any
embarrassment that might arise in

manoeuvrability, especially if he is

driving an articulated vehicle or if

centre of gravity is inappropriate to

terrain character. The degree of pitch

that might be expected should be

considered relative to characteristics

of the cargo being transported or to

the nature of the project under devel-

opment.

Perhaps the best wa>- to assess

how much difficultx' will arise in a

given operation is to construct spatial

diagrams appropriate to degree of

limitation of terrain features and those

mechanieal features of the vehicles

which the terrain will critically

affect. An example of this suggestion

is shown in Fig. 2. \Mien these dia-

grams are placed side b>" side the

general effect of the factors involved

can be qualitati\el\' compared for

each terrain type to be tra\ersed. In

Fig. 2, two mechanieal features and

one operative effect imposed by the

terrain are appraised for seven com-

mon terrain t\pes. NormalK', in an>

operation, at least these seven co\er

formulae would be encountered.

It is sometinies held that where the

frontal drive sprocket is a design fea-

ture of the track vehicle there are

distinct advantages. To be effective.

the sprocket is so situated as to pro-

duce an inclined svnface of track

which meets obstacles in the terrain.

A track approach angle thereforc

moves ahead of the vehicle facilitat-

ing elevation in the front of the ve-

hicle. Also, with frontal drive, the

lower run of track relaxes to tlie

contour of the obstacle. thus afford-

ing niaxinium area of contact with

the obstacle. This in itself a.s.sists

traction and prometes uninterrnpted

progress. In addition. there is less

Fig. 5. Here, a non-powered slipe is being drawn behind a powered unit: loads
of up to ten tons can be hauled ín these slipes.
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likelihood of cutting the muskeg mat

with the approach angle, and this is

to be encouraged.

When the terrain mat is cut, even

if as a result the vehicle does not

completely subside, there is a good

chance that it will lose traction, and

winching will then be necessary.

Where this situation arises, there is

a high possibility of the condition

worsening unless the speed of the

tracks, which are kept rotating in the

hopes of recovering traction, is ap-

proximately synchronized with the

speed of the winch. Without this fea-

ture the vehicle noses down or up de-

pending upon the speed relationship

between the winch and track. This

may result in unfortunate distribution

of pressure and a change in ground

pressure relations that may encourage

subsidence.

Further examination of Fig. 2

shows that displacement brought on

by subsidence is variable depending

upon the type of muskeg as reflected

in the type of cover. Note however,

that of the seven types listed, dis-

placement can be expected to be high

in five of them. Even in the two re-

maining types, some chance of criticai

subsidence can be expected. The dia-

gram expresses the relative frequency

of subsidence to expect, not the

amount of subsidence appropriate to

each cover type. Therefore, it may
only be said that where frequency of

subsidence is high the degree of sub-

sidence is apt to be great.

For muskeg with cover type AE
the chances of displacement being

frequent or considerable are very

slight. Also, the need for synchro-

nized winch and track speed is not

essential. However, travei is much
facilitated, as is manoeuvrability when
a frontal drive sprocket is provided

for in the design of the vehicle.

Under the topographic conditions in

this type of muskeg, angle of pitch

for the vehicle can be expected to be

high.

Accommodating mechanical fea-

tures of vehicles to terrain require-

ments will not always make them
faster. Usually it means that success

in a given operation will be achieved

as far as trafficability is concerned.

An exception is when DFI occurs.

Here, frontal drive sprocket, nearly

synchronized winch and track speed

are both highly desirable and often,

in the opinion of the authors, essential.

The need to accommodate for dis-

placement is great. But if these re-

quirements are met, speed of travei

will be maximum and DFI is an ex-

cellent médium for travei.

Where El and FI are concerned,

displacement expectancy is very high.

Indeed, it is in muskeg such as this

that complete subsidence can be

expected. With El muskeg, extreme

subsidence can be diverted if the

frontal drive sprocket is incorporated

as a design feature of the vehicle.

For FI, this feature is not essential

because the peat matrix is uniformly

lacking in elements that can afford a

means of traction once the upper
surface of the mat is broken.

In the north generally, there are

very large tracts of El and FI cover.

Although with modern muskeg trans-

port equipment traverses and road

construction can be achieved, it is

not the normal situation to find that

more than one or two passes can be

made over exactly the same route.

This has meant that the principies

involved in Terradynamics have sug-

gested a new type of design for

transport where extensive El and FI

occur or where a traverse over this

type of terrain is perhaps short but

criticai and used continuously.

The type of vehicle so far devel-

oped is known as a Powered Slipe

(Fig. 4). It possesses aeroplane íype

wheels but these are only for buoy-

ancy on hc.rd ground when the ve-

hicle is not progressing in muskeg
Power is applied to a ihree-quarter

inch cable anchored at either end or,

for convenience, at intervals of about

a mile. The cable is drawn in over

the forward part of the hull of the

slipe onto a capstan-type winch and
run out behind the vehicle.

This method of travei depends
upon buoyancy and never on traction.

The breaking of the mat was discov-

ered to have facilitated travei. Haul-

age of five to ten ton loads can be

achieved in non-powered slipes (Fig.

5) drawn behind the powered unit.

The Slipe Haul system of travei in

the far northern reaches of muskeg
shows great promise. It is cheap;

the cable is the road, and it can be
salvaged when no longer required.
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GRAPHITE (contintied from page 49)

packing materiais must always be
kept very small. The boron content,

for example, must be less than one-

tenth of one part in a million. Some
idea of the need for these precautions

may be gathered from the fact that

reliable test results were impossible

after a laboratory analyst changed his

make of hair cream.

Grade 'A' Craphíte

Seventeen months after the first

bulldozer arrived on the site samples

from a furnace load of completed

graphite blocks were tested in a reac-

tor by the United Kingdom Atomic

Energy Authority. They were found

to be of acceptable quality as Grade

'A' nuclear graphite and in addition

met ali physical and chemical tests.

Since then experience gained in pro-

ducing blocks for the first two nu-

clear reactors has confirmed that the

original design and technique had
been successfully applied. The prod-

uct has been remarkably consistent

with a capture cross section lower

than had been anticipated for produc-

tion material.

An intensive research and develop-

ment program covering new ma-
teriais, processes and methods of

manufacture is being carried out to

reduce the total cost of nuclear graph-

ite in a reactor. Already promising

results gained with the pilot plant

have been confirmed by larger scale

production. This work is especially

important for the more advanced
t\'pes of graphite moderated reactors

now being planned.
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Preliminary Studies

THE BRANDON Generating

Station of The Manitoba Hydro-
Electiic Board consists of four 33-mw
units designed for throttle steam con-

ditions of 600 p.s.i.g., 825° F, and
operating with a cooling tovver to

provide condenser cooling vvater. In

vievv of the modern trend to large

units operating at high steam pres-

sures and temperatures, and consid-

ering the climatic conditions at Bran-

don with their effect on coohng tower

operation, it is of interest to review

the factors which afforded the selec-

tion of the site and the equipment.
The Manitoba Hydro-Electric Board

supplies most of the power for the

Province of Manitoba, and is respon-

sible for providing new generating

capacity as required to meet the de-

mand. The power for the City of

Winnipeg is distributed by the City

of Winnipeg Hydro-Electric System,

part of it being supplied by The
Manitoba Hydro-Electric Board and
the balance being generated in the

City of Winnipeg Hydro-Electric

System's own hydro and thermal

plants.

The power for the Province of

Manitoba outside of the City of Win-
nipeg is generated and transmitted

by The Manitoba Hydro-Electric

Board, but is distributed by the Mani-

toba Power Commission. For the pur-

poses of system planning and opera-

tion, the two generating systems re-

ferred to above can be considered

as a single entity.

Preliminary studies for the Brandon
Station, which were carried out by
The Manitoba Hydro-Electric Board
and their consultants, were based on

this conception. At the time these

studies were made, the power gen-

erating capacity of The Manitoba
Hydro-Electric Board and the City of

Winnipeg Hydro-Electric System con-

sisted of approximately 566,000 kw
in hydro units on the Winnipeg River,

and a 50,000 kw thermal station in

Winnipeg. The bulk of the generating

capacity was located at the eastern

end of the system within approxi-

mately 60 miles of the Ontario-

Manitoba boundary.

The study of the system indicated

that the load could be divided into

two basic blocks; the east block

centred near Winnipeg and the west

block extending from Portage La
Prairie to the Saskatchewan border.

Since the hydro sites, both developed

and potential, are generally east and

north of Winnipeg, it was apparent

that there would be some advantages

in locating the first thermal station

near the centre of the western load

block. A survey of the load distribu-

tion in this area indicated tliat tlie

load centre was approximately 20

miles north of the City of Brandon.

Power transmission studies indicat-

ed that the generation of power in

the Brandon area not only increased

the stability of the system, but due

to reduction of transmission losses, in-

creased the net power available from

the system. In fact, these studies

showed that a 30 mw. unit at Brandon

would be equivalent to a 40 mw. unit

on the Winnipeg River.

A consideration of possible fuels

indicated that lignite from the Este-

van area of Saskatchewan would be

most advantageous, and this factor

also tended to favour the Brandon

location over sites further east. Since

that time, natural gas has become

available, and under some conditions

can be used to advantage, but the

extent of its ultimate use will depend

on the relatix e prices of natural gas

and Saskatchewan lignite and the

availabilit>- of gas.

It was realized that the Brandon

site was not ideal with regard to the

availabilit>- of cooling water since it

would be dependent on the .\ssini-

boine River. Unfortunately, the flow

in this river is extremel\- variable,

recorded flows ranging from a maxi-

mum of 23.000 cu. ft. per second to

a minimum of 7 cu. ft. per second.

A plant with a capacit> of 132 mw..

as was considered for Brandon. re-

quires approximately 150 cu. ft. per

second of circulating water. .\ aimbin-

ed cooling s\stem using ri\er water

when available, and a cooling tower
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when required, was consideied. How-
ever, this would have been more ex-

pensive than a closed system using the

cooling tovver at ali times, and the

added expense could not be justified.

Moreover, since minimum liver flow

occurs in winter, it would still have

been necessary to operate the cool-

ing towei- during extremely cold

weather conditions. A closed system

was therefore selected.

A revíew of the existing and pre-

dicted loads, both in the westein area

of the province and in the system as

a whole, indicated that the Brandon

Station should be designed for an

installed capacity of approximately

132 mw. or a net output of about 120

mw. For comparison purposes, plants

consisting of four 33 mw. units, three

44 mw. units and two 66 mw. units

were studied. Many factors must be

considered in selecting the optimum
unit size to meet the system require-

ments. These include system reliabil-

ity, the increase in firm system ca-

pacity, capital cost, fuel cost, and

operating and maintenance co.sts.

The increase in firm system ca-

pacity, resulting from the installation

of a 120 mw. plant at Brandon, varies

with the size of the units used, and

the results of the comparison are iii-

teresting and are listed in Table I.

Table I

Increase in Firm System Capacity

No. of

Units

4
3
2

Size of
Units

33
44
66

Increase Over
Existing System

142 mw
126 mw
99 mw

The increase in firm system ca-

pacity represents the increase in de-

mand which the system can meet
with the selected degree of reliabil-

ity. The evaluation of this increase

involves probability calculations with

regard to forced outages of any one

or more units in the svstem in con-

junction with system peak demand
studies. Although the trend indicated

in Table I is normal since the re-

quired amount of reserve capacity is

generally a function of the size of

the units, the increase in firm system

capacity is unusual since, in the case

of the 30 mw. units, it exceeds the

total capacity of these units. Although

many factors are involved in the cal-

culations, the main ones which re-

sulted in the unusual increase in

firm system capacity are:

(1) — Reduction of transmission

losses.

(2) — Increase of the firm capacity

of the hydro plants by providing

more flexibility of operation, thereby

permitting a more advantageous use

of the available water storage facil-

ities.

Studies of the system loads indi-

cated that whereas the system load

factor is approximately 57%, the ex-

pected average Hfetime capacity fac-

tor for the Brandon Generating Sta-

Fig. 1. Brandon Generating Station—plot plan.
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tioii wnukl !h' considcrably lowcr or

al)i)ut 3õ'i.

Detailed estimates of the total

capital cost, fuel cost, and opeiating

and niaintenance costs were piepaied

for cach of the three proposed unit

sizes. The total annual cost per kilo-

watt increase in firm system capacitv'

was then calculated. These calcula-

tíons indicated that the optimum in-

stallation wonld consist of fonr 33

mw. nnits.

Further studies, which also in-

volved comparison of capital cost,

fnel cost, and operating and mainte-

nance costs with turbine inlet steam

conditions of 600 p.s.i.g. 825° F,

850 p.s.i.g. 900° F, and 1,250 p.s.i.g.

950° F, indicated that a plant oper-

ating with a turbine inlet steam pres-

sure of 600 p.s.i.g. 825° F would be

most economical for this installation.

General Description of Plant

The Brandon Generating Station is

located on the south bank of the

Assiniboine River, approximately 3

miles east of the City of Brandon.

The arrangement of the site and lo-

cation of the main buildings, cooling

tovver and switchyard is shown on
Fig. 1. Fig. 1-A shows the general

appearance of the office section and
south side of the plant. Since the

prevailing winds are from a westerly

direction, the cooling tower is lo-

cated on the east side of the main
plant in order to reduce the spray

nuisance.

The plant is designed on a unit

basis, each unit consisting of a Met-

ropolitan-Vickers turbine generator

and condensar with a peak design

rating of 33 mw, a Combustion En-

gineering-Superheater boiler with a

design capacity of 325,000 pounds of

steam per hour, and auxiliary equip-

ment. The tinbines are of the single

cylinder impulse type with three ex-

traction points and a single shell

2-pass condenser. The generators are

of the hydrogen cooled direct-con-

nected type, are designed to operate

at 3,600 r.p.m., and are equipped
with gear-driven exciters. The hydro-

gen system is designed for operation

at a pressure of 15 p.s.i.g. at full

load.

The boilers are of the tangentialh*

fired type, designed for operation

with either pulverized fuel, natural

gas, or fuel oil. To date, only pul-

verized fuel and gas burning equip-

ment has been installed, although

there is provision for lighting off

with light oil. Superheat control is

provided by burner tilt, and attem-

perators have not been included.

The transverse section of the plant,

Fig. 2, shows the relative location of

the main equipment for each unit.

Fig. 3 shows plans of the station at

the operating floor and ground floor

levei. It may be noted that the ar-

rangement of the equipment follows

conventional lines. One depaiture

consists of the provision of a totalh-

enclosed central control room located

on the operating floor between Units

2 and 3.

The plant feedwater heating c\cle

is shown on Fig. 4, and includes

only three stages of heating. The
cycle consists of two low-pressure

closed feedwater heaters without

drain coolers, but with a drip pump
on the lowest pressure heater and a

deaerating heater at the highest ex-

tiaction pressure. This cycle, al-

though not common for units of this

size, has several advantages. It pro-

vides a reasonably high feedwater

temperature and an acceptable effi-

ciency while requiring a minimum
amount of piping and controls. It is

inherently simple and stable and.

therefore, suitable for widely fluc-

tuating load conditions and for two-

shift operation. Furthermore, due to

the relatively low average capacit\-

factor anticipated for this plant. the

extra cost of cycle improvements by

the inclusion of additional heaters

could not be justified economicalh

.

It should be mentioned that the

operation of deaerating heaters at

relatively high pressures as is done

in this case presents a problem in

maintaining sufficient net positive

suction head to the boiler feed pumps
under fluctuating load conditions.

This problem, although beyond the

scope of this paper. must be antici-

pated and provided for in the design

of the plant, or the flexibility of the

operation of the plant may be serious-

ly impaired.

Water Supply System

As stated earlier, the fluctuatíons

of flow in the Assiniboine Ri\er are

such that a cooling tower is required.

Since the exaporation rate in th

cooling tow er is approximatelx" equ

to the evaporation rate of the boilers,

a considerable amount of make-up

water is required. In the Brandon

plant the cooling tower niake-up

water is obtained from the Assini-

boine River. Unfortunately, the river

water is \'er\- hard, with a degree of

hardness \ ar\ ing between 200 p.p.m.

and 900 p.p.m. The use of this water

without treatment would result in

rapid scale formation on the cooling

smfaces of heat exchangers and con-

densers and in the cooling tower.

This effect would, of course, be rap-

idly aggravated b\- the increased

concentrations resulting from e\apor-

atiíín in the cooling tower. The sys-

tem, therefore, includes a cold pro-

cess lime softening plant in which

ali make-up water is treated. The
s>stem includes two reinfoix-ing con-

crete treating basins, two limo feed-

ers and slaker units, one soda ash

feeder, one miscellaneous chemical

feeder, control oquipment and instni-

ment panei. The s\ stom has a ca-

Fig. la. General appearance of office section and south side of Brandon generating
station.

56 THE ENGINEERING JOURNAL—JULY 1959



Fig. 2. Brandon Generating Station—transverse section.

a water flow of 75,000 U.S.g.p.m.

at an inlet temperature of 112° F,

outlet tempeiatine of 8'2° F with a

wet bulb temperature of 72° F.

The optimuin size of cooling

tower and condenser combination

was determined from economia
studies. In making these studies a

wide range of sizes of cooling towers

and condensers was selected, and
complete performance characteristics

were worked out for each. The
amounts of energy produced at each
circulating water temperature were
calculated, and from detailed esti-

mates of capital costs of equipment,
cost of pumping power and the cost

of energy produced for each com-
bination, the total annual cost for

fixed charges, power and fuel was
determined. As a result of these

studies, a cooling tower as described

above was selected with a ground
area of .186 sq. ft. per kilowatt.

The condensers have an effective

condensing surface of 15,000 sq. ft.

per unit or approximately .455 sq.

ft. per kilowatt. Both the cooling

tower ground area and condenser
surface are somewhat smaller than

normal, but this again is the result

of the low plant load factor and fuel

cost.

The circulating water system con-

sists of a closed loop with circulating

water pumps pumping the water
from the cooling tower sump through
the condensers and back to the top

of the cooling tower. The hydrogen
coolers and turbine oil coolers are

connected in parallel with the con-

densers. The four circulating water
pumps have a capacity of 19,000
U.S.g.p.m. per pump against a total

pacity of 3,000 U.S.g.p.m., and is

designed to reduce the calcium hard-

ness to 35 p.p.m. and the magne-

sium hardness by 10 to 20%. The
operation of this water softening sys-

tem requires the use of relatively

large quantities of chemicals, and

storage bunkers are provided with

capacities as listed in Table II.

Table II

Chemical Storage for

Water Softening Plant

Chemical Capacity Volume
Pebbie lime 130 tons 4,200 cu. ft.

Soda ash 42 tons 2,100 cu. ft.

Alum 60 tons 2,100 cu. ft.

In order to reduce costs, these

chemicals are purchased in bulk, and
a pneumatic car unloading system is

provided to transfer the materiais

from the box cars to the, storage

hoppers.

Sulphuric acid and metaphosphate
are used to control the corrosive and
scale forming properties of the water,

and to protect the cooling tower

lumber against delignification. Al-

though the water softening equip-

ment is not unusual in design, it is

probably the largest installed in a

generating station in this country,

both with regard to capacity and to

the hardness of the water.

Demineralizing equipment is used

for the treatment of boiler make-up.

This was selected in preference to

evaporators, partly because of the

lower total operating costs and part-

ly because of the expected intermit-

tent plant operation. Demineralizing

equipment unlike evaporators allows

continuous production of make-up ir-

respective of plant or unit load.

Water from the Assiniboine River

has a fairly high sodium content,

averaging approximately 130 p.p.m.

equivalent calcium carbonate. The
possibility of sodium leakage seemed,

therefore, to rule out the use of single

stage demineralization. Consideration

was given both to mixed bed de-

mineralizers and to an alteinating

series arrangement. However, the

system finally selected consisted of

two complete lines of exchangers,

each consisting of primary cation,

primary anion, secondary cation and
secondary anion units. A vacuum de-

aerator is installed ahead of the de-

mineralizing equipment in order to

protect both the demineralizing beds

and the demineralized water piping

from oxygen attack. Consideration

was given to locating the deaerator

between the primary and secondary

units in order to take advantage of

the reduction of chemical consump-
tion due to the removal of carbonates

at this point, but the added cost of

making the deaerator corrosion-re-

sistant could not be justified.

Cooling Tower and
Circulating Water System
The cooling tower was supplied

by Foster Wheeler Limited, and is

of the induced draft type with 24
cells. Each cell is approximately 32
ft. square and 39 ft. high, so that

the overall dimensions of the tower

are 385 ft. by 70 ft. Each cell is

provided with an exhaust fan with

a capacity of 360,000 c.f.m., and pro-

visions are made to operate these

fans at half speed and in the reverse

direction. The tower is designed for
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lieacl of 65 ft. These punips are lo-

catod iii a piinip house adjaceiít to

the cooling tower, and two 60 in. di-

aiuoter bviried steel pipes are provid-

ed for tlie \\ater suppl\' and rotnrn

s\ sttMn.

Tlie total uiunbcr of circnlating

water pnmps reqnired at any one

timo depends on the load on the

nnits and circnlating water tempera-

tnres as deterniined by the wet bnlb

toniperatme. Under some conditions

it is possible to operate ali nnits at

Inll load with onl\ three circnlating

water pinnps, whereas nnder other

conditions it may be advantageous

to operate the four circnlating water

pnmps even thongh the station is

operating at less than the rated capa-

city.

The circnlating water pnmps may
be started and stopped írom the

central control room, and valve posi-

tion interlocks are provided to pro-

tect the ecjnipment. Valves are also

provided to permit isolating sections

of the cooling tower, and the cool-

ing tower fans are controlled from

the central control room.

Lignite Handling and Burning

As mentioned previously, the

Brandon Station has been designed

primarily to burn lignite from the

Estevan area of Saskatchewan. The
characteristics of this fuel as used for

design purposes are given in Table

III.

Table III

Characteristics of Lignite

Normal Worst
Moisture 33.5 40.0%
Volatile material 26.0 21.5%
Fixed Carbon 32.0 26.5%
Ash 8.5 12.0%,

100.0 100.0%
Sulphur — 0.7%
Btu per pound (as

fired) 7,100 5,900
Ash softening
temperatura — 2,050° F

Grindability
(Hardgrove) 55 50

It will be noted that this fuel has

a very high moisture content and a

correspondingly low heating value.

Practically ali of the moisture is in

the inherent form. Snrface moistine

in the fuel is usually quite low and,

in fact, the dust problem is some-

what greater with Saskatchewan
lignite than with more usual fuels.

While at the time when the Bran-

don Station was designed there had
been considerable experience in the

use of Saskatchewan hgnite on trav-

elling grate and spreader type stok-

ers, very little information was avail-

able on its use in pulverized fuel

installations. The infoiTnation that

was available seemed to indicate that

it presented no special difficnlties

although its behavioiu: was in some
respects different from other fuels.

With bituminous coals it is gen-

erally necessary to suppK' air to the

pulverizers at a temperature suffi-

ciently high so that ali of the mois-

ture in the coal can be evaporated

and the coal-air mixture delivered to

the bimiers at a temperature of 150-

160°. If this were true of lignite an
extremeh' high air temperature would
be reqnired. Howe\'er. information

obtained from plants burning Xorth
Dakota lignite indicated that this

fuel could be pulverized and bunied

Fíg. 3. Brandon Generating Station—plan.
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quite satisfactorily while still retain-

ing the greater part of its inheient

nioisture. The coal-air mixture in

such installations may leave the mills

at temperaturas of 110-120° F.

Approximately at the time these

units were purchased, tests were car-

ried out on several car loads of Sas-

katchewan lignite in the plant of a

power and hght company at Aurora,

Minnesota. The results of this test,

vvhich were reported in the Decem-
ber 1954 issue of Combustion, served

mainly to confirm what was already

known about the burning of lignite,

and provided much of the detailed

performance information on which

the design of the Brandon boilers was
based. No difficulty was experienced

during the test in changing over

from bituminous coal to hgnite nor

was any difficulty encountered in

operating the pulverizers at maxi-

mum capacity with the pulverized

fuel retaining as much as 26% mois-

ture. There were some indications

that fouling of the furnace walls took

place somewhat more rapidly than

with bituminous coal, but this did

not appear to be a serious difficulty.

Due to the somewhat greater ex-

perience with this type of equipment,

some consideration was given to the

installation of spreader stokers at

Brandon. However, this would have
meant either that stokers of unusual-

ly large size would be required or

that two boilers per turbine would
be needed. Neither of these alterna-

tives seemed particularly attractive,

and since the information available

indicated no real problems in the

burning of pulverized lignite, the

decision was made to install pulver-

ized fuel units.

The units installed are quite con-

ventional and include three bowl
type mills per unit supplying tangen-

tial burners. Furnaces were designed
for a heat release of about 90,000
B.t.u. per sq. ft. of furnace envelope.

Provision was made for the installa-

tion of furnace wall soot blowers, but
these were omitted from the initial

installation with the thought that they

could be installed later if experience

proved them necessary. Air heaters

were designed to supply air to the

pulverizers at 620° F, and this was
thought to be adequate for satisfac-

tory pulverizer operation. However,
provision was made for the installa-

tion of ductwork to permit hot gas

to be withdrawn from the furnace

bottom and mixed with the primary
air if this should prove necessary

or desirable.

Low heat content of the lignite

necessitated the provision of an un-

usually large coal-handling system

and bunkers. Based on a maximum
daily load factor of 80%, the esti-

mated maximum coal consumption is

2,400 tons per day, and the coal

conveying system is designed for a

capacity of 400 tons per hour, thus

providing for one-shift operation of

the coal-handling system.

Ali the coal is brought in by rail

in bottom dump cars, and a car

shaker is provided to expedite the

unloading and facihtate handling of

frozen coal. A stocking-out conveyor

permits the stock piling of coal. Coal

in the stock pile is handled with con-

ventional mobile equipment such as

bulldozers and carry-all scrapers.

The coal bunkers have a capacity of

3,000 tons which is sufficient for 30
hours operation.

Centralized Control Room
Ali the main controls for the four

units, svvitchyard, and common aux-

iliaries are located in the central con-

trol room on the operating floor be-

tween units Nos. 2 and 3. This room
is air conditioned, and care was used

in selecting materiais and construc-

tion to reduce the noise levei as far

as practical.

No attempt has been made to pro-

vide for complete remote control of

the plant. However, sufficient instru-

ments are installed to permit the con-

trol room operator to direct opera-

tions in the plant by means of a

FAX telephone and paging system.

Such an arrangement permits a con-

siderable reduction in operating staff

since operators outside the control

room need not be stationed in fixed

locations, but are available to carry

out duties in any part of the plant

as directed by the control room oper-

ator. The reduction of staff is be-

lieved to be more than sufficient to

pay for the added cost of centraliz-

ing the controls in this fashion.

The boiler and unit control panei

is of the walk-in type with ali con-

trol switches and manual controllers

on the bench section forming an in-

tegral part of the panei. Furnace
flame viewing television units, drum
water levei indication, annunciators,

as well as ali the necessary indica-

tors are located on the vertical front

portion of this panei. Three minia-

ture recorders for each unit for steam-

flow air-flow or gas-flow air-flow,

drum levei and steam temperatures

are also located on the front portion.

Ali recorders which are not required

for normal operation are located on
the back of the panei. Fig. 5 shows
the front of this panei.

This arrangement has several ad-

vantages. The space required for the

instruments and controls is reduced

to a minimum as may be noted from

the fact that the instruments and
controls for four units and the com-
mon auxiliaries are grouped on a

panei with a total length of 31 ft.

1/2 in. Also, this arrangement per-

mitted shipping the paneis with ali

instruments and control relays, etc,

completei)' piped and wired to ter-

minal points at the bottom of the

panei at a considerable reduction of

field installation time and cost.
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TUv coiiilnistion controls aro ot

iUc couNOiítional pneumatic type.

Although it is not possible to stait

iip a unit fiom the central control

rooin, uiost ot the necessary controls

have bocn provided for normal oper-

ation. These inclnde controls for

starting or stopping of boiler feed

pumps, condensate pnnips, fans, piil-

Ncrizors, igniters, etc. Boiler purge

interlocks and other safety features

have been incorporated in the sys-

tem to ensine safe operation under

ali reasonable conditions. Initially,

coal failnre alarms were provided

which operated from the mill coal

feeders and the coal scales. Recent

experience has shown that a satis-

factory indication of flame failure

can be obtained from furnace draft,

and the fnel systems have been inter-

locked with the furnace draft.

Heating and Ventilating System
The heating and ventilating sys-

tem for a steam power station has

two main purposes:

(1)—To maintain comfortable tem-

perature conditions for the operating

personnel.

(2)—To provide combustion air to

the units.

The two functions may be treated

separately in which case air for the

forced draft fans may be brought in

directly from the outside, heated and
delivered to the unit while a sep-

arate system provides heat and ven-

tilation for the plant; they may be

combined in such a way that the

forced draft fans withdiaw air from

the building and provision is made
for introducing an equivalent amount
of air at the proper temperature

into the building; or some combina-

tion of the two schemes may be

adopted. At the Brandon Station the

second arrangement, combining the

two functions, is used. Its advantages

in producing more uniform building

temperatures, due to the large vol-

ume of air passing through the plant,

was felt to justify the somewhat
greater cost.

The arrangement of equipment is

indicated on the cross section and
in eludes fresh air intakes at a point

just above the turbine room roof, re-

circulated air intakes at the top of

the boiler room and plenum cham-
bers, heating coils and fans supply-

ing air to the turbine room. From
the turbine room some of the air

passes across the building to the

forced draft fan inlets and some
flows upward to the recirculated air

intakes.

Heat when required is supplied

primarily by steam heating coils

taking steam from the top extractlon

point on the turbine. Since the fans

and heating coils are arranged on a

unit basis, condensate from these

coils can be returned directK' to the

main unit condensate system.

When ali main units are shut down
or operating at very low loads, the

pressure at the turbine extraction

point is not sufficient to supply the

necessary heat, and it is necessary to

provide some alternative source. In

the Brandon Station a hot water

heating boiler operating at atmos-

pheric pressure is used. As compared
to a steam boiler this has a number
of advantages. Most important are:

(a)—Such a unit can be operated

safely and completely automaticalh

without attention from the operating

staff.

(b)—By using hot water as the

médium for distributing heat to the

units that are out of service, cross

connections between the steam and
condensate systems of different units

can be avoided.

When one or more turbines are in

operation, it is more economical to

supply ali of the heat from these

imits rather than from the heating

boiler. To permit this to be done,

hot water converters are provided,

supplied with steam from the tur-

bine e.xtraction.

The office section of the plant is

heated by means of the same hot

water s\'stem that supplies the main

plant.

To pro\'ide additional ventilation

in the summer period, a number of

roof ventilators are installed in both

the turbine room and boiler room.

Station Electrical Features

Fig. 6, shows the essential features

of the plant. There are four main

voltage leveis utilized, which are

broadly broken down as follows:

13,800 volts — Generator output

voltage.

2,300 volts — For heavy auxiliary

motor drives.

550 volts — For lighter duty auxil-

iary motors.

110 220 volts — For lighting an

small auxiliar)- motors under V'

horsepower.

The main generator voltage i

stepped up to 115 kv. for connec-

tion into the high-voltage distribu-

tion system. Pro\'isions were mad
in the original design for additioní

115 kv. lines and for a future 230

kv. expansion without major modifi-

cations to the existing la\out.

In normal operation ali unit aux-

iliaries are supplied with power by

the imit, and auxiliary power re-

(luirement with the unit operating at

fiill load represents about 6.5? of the

generator output.

Alternators

For purposes of design it was co

sidered that the generator and i

associate step-up transformer woul

be considered a unit. Although th

generator output voltage is 13.S kv.

it is immediately stepped up to 11

k\ for utilization or distribution i

the switchxard. The turbines an
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Fig. 6. Brandon Generating Station—electrical single line diagram.

alternators have a rating of 33,000

kw. The unit main transformeis are

three-phase transformers rated at

30,000-40,000 kva. The output of the

unit transformers is connected to the

high-voltage bus. The switchyard it-

self is termed an element and one-

half bus which is becoming extreme-

ly popular on this continent because

of the ease with which various ele-

ments may be removed from service

for maintenance. The schematic di-

agram covering the high-tension fea-

tures of the switchyard are also cov-

ered on Fig. 6.

The short circuit ratio of the Bran-

don generators is 0.8 which is com-
mon for machines built in this coun-

try, but a short circuit ratio of 0.5 is

more usual in machines of European
design. A short circuit ratio of 0.8 re-

sults in a low reactance machine and
inherently greater system stability.

Network analyzer studies indicated

this to be desirable.

The high-voltage breakers located

in the switchyard were among the

first high rupturing capacity air blast

breakers manufactured in Canada.
At the time of purchase this type

of high-voltage breaker was the only

one manufactured which had the

protective current transformers built

into the breaker. This resulted in a

considerable saving in switchyard

structural steel. The rupturing ca-

pacity of these breakers is rated at

3,500 mva. with a total interrupting

time to are extinction of 5 cycles.

As with any station of this type,

the design of the excitation system

for the generators must tie in close-

ly with system features. The voltage

regulators associated with the gen-

erator exciters at Brandon are of the

continuously acting static type. In

this particular case, magnetic am-
plifiers were used to control the gen-

erator terminal voltage conditions

through exciter auxiliary boost and
hiick windings. It was found that by
adopting this type of control that

pilot exciters were not required, at

a considerable reduction in equip-

ment and cost.

Generator Protection

The relay protection for the gen-

erator is generally consistent with

that found in plants of this type on

this continent and consists of the

following:

(a)—Overvoltage protection

(b)—\'oltage restraint overcurrent

protection

(c)—Differential protection

(d)—Field ground protection

(e)—Reverse power protection

(f)—Negative sequence protection

(g)—Loss of field relay protection.

(h)—Station ground protection.

There are also two other types of

relaying in connection with the vol-

tage regulator such as underexcita-

tion limit relay and a discriminating

relay for protection of the generator

and the system in case of a poten-

tial fuse failure on the regulator sys-

tem.

Transformers

There are two types of transfor-

mers employed at the Brandon Gen-
erating Station. These are oil-filled,

fan-cooled outdoor transformers and
air-cooled indoor types.

The oil filled types were employed
for the main unit transformers and
the unit auxiliary transformers. Ex-

cept for the two supplying the cir-

culating water pump house, ali step-

down transformers from 2,300 v. to

550 v. and from 550 v. to 110/220
v. are of the air cooled type, and
are located inside the power house
where temperatures are relatively

constant. The two 2,300 500 v. step-

down transformers supplying the

circulating water pump house are of

the oil filled type.

Auxiliary Power
The induced draft fans, forced

draft fans, boiler feed pumps, pul-

verizers, and other unit auxiliarias

are supplied from the generator out-

put on a unit basis. Obviously it is

necessarv' to start the unit with

power obtained from a station ser-

vice or start-up transfomier. This

start-up transformer also supplies

such common services as the circu-

lating water pumps, cooling tower
fans, coal-handling equipment, etc.

This means that after a unit is sup-
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pK iuíí power it is necessaiy to tliroic

ovcr the unit auxiliaries from the

stait-up souice to the unit source.

Tliis is accomplished at the Brandoii

Generatiiig Statioii by the decid tian.s-

fcr tiictiioci, so tliat when one source
is trippcd off there is a 45 cycle

time dela\- before the second source

is closed in to re-euergize the motors.

It has been proved by tests that

after a 45 cycle delay the residual

voltage due to the running motors
has sufficiently decayed to allow a

sniooth restart-up to occur. This

luethod of transfer makes a transfer

schoinc extreineK flexible in a station

ot this type, and keeps the system
relatively siinple as no synchronizing

of power sources is required.

There is, hovvever, the inherent

problems of drop out of low-voltage

magnetic motor starters with the de-

la\ed transfer method. This problem
was overcome by use of latched in

starters so that the motor contactors

remain closed during the transfer and
ali motors are re-energized automatic-
ally.

Remote Contro!

The vvater treating and coal-hand-
ling equipment are not controlled

from the central control room, but
rather are controlled from local con-
trol centres located within the water
treatment building and crusher house
respectively. The controls for ali 550
V. auxiliaries located within the main
plan't have been centralized in the
central control room using a 120 v.

a-c. control voltage.

All 2,300 V. motors are controlled
b\- means of the 250 v. d-c. station

battery. As mentioned previously,

there are several remote buildings
containing motor drives whose oper-
ation are dependent on general plant
conditions and which it is desirable
to control from the centralized con-
trol room. In order to overcome the
excessive voltage drops encountered
by using a-c. control voltages, it was
decided to use the station battery
voltage of 250 v. d-c. for the control
of all motors in remote buildings.

This remote control covers such items
as the raw water pumps, the cooling
tower fans, etc.

One interesting feature is the con-
trol of the cooling tower fans. There
are 24 fans on this tower, each ca-

pable of being run at slow speed
and fast speed forward, and at a
slow speed only in the reverse direc-

tion. Since the circulating water sys-

tem is arranged to supply water to

the cells in groups of four, the fan
controls are also arranged in the

same groups of four. In this way
only six control switches are required

in the central control room, although

indicating lights are provided to

show the fan speeds and the total

number of fans in operation. Con-
trols are provided at the cooling

tower to permit individual control

of each fan for maintenance or other

purposes.

Station Batteries

The main station battery has an

output voltage of 250 v. d-c. used

mainly for circuit breaker control.

There is also a stand-by battery of

the same capacity, and throwover fa-

cilities are available to use the

standby battery as the station bat-

tery, if required.

Emergency lighting and essential

auxiliaries are also carried by the

station battery in case of a-c. fail-

ure. This lighting is sufficient to per-

mit plant operation on failure of

normal lighting services. A 48 v. bat-

tery is also provided for annunciation

puiposes.

ComrRunications

The plant has been equipped

with an internai PAX telephone sys-

tem for communication within the

plant. This system can be tied in by

use of a carrier system on the trans-

mission lines for communication with

the Winnipeg office. In conjunction

with the PAX system is a paging

system by which any telephone with-

in the plant can be used to issue

operating orders.

Operating Experiences

The first unit of the Brandon Sta-

tion went into service in November
1957, and the fourth and last unit

was commissioned in September 1958.

Operating experiences to date have

disclosed no serious difficulties.

Although there was some fear in

the beginning that lignite might be

difficult to store because of its ten-

dency to catch fire by spontaneous

combustion, this has not proved to

be a problem. By compacting the

coal carefully when it is put into

storage, the tendency to overheat can

be completely eliminated. Some mi-

nor difficulties were encountered in

the early days due to the pile being

formed with sides that sloped too

steeply to permit proper compaction,

but these difficulties were eliminated

by simply decreasing the angle of

the slope.

Lignite does tend to catch fire if

left too long in the bunkers, and

care must be taken to see that the

storage time does not exceed about

two weeks. Due also to its tendency

to overheat in the bunkers, a con-

siderable amount of gas is evolved

and thorough ventilation of the space

above the bunkers is required. This

ventilation serves the further purpose

of reducing the dust problem which

has proved to be quite severe with

the fuel encountered to date.

In its burning characteristics lig-

nite has produced no real surprises.

The major difficulty to date has been
that the furnace tends to foul up
rather rapidly with the result that

steam temperatures during prelimi-

nary operation were excessively high,

and there was a tendency for de-

posits of the bonded type to form in

the superheater and convection

zone. Ho\\'ever, wall soot blowers

have now been installed and by fre-

quent operation of these blowers, it

is possible to maintain clean surfaces

in the furnace. When this is done
the other difficulties disappear.

The fly ash from lignite has an un-

usually strong tendency to adhere

to air heater and dust collector sur-

faces. In the case of the air heaters

this has resulted in poorer perfonn-

ance than would be ex-pected with

other grades of fuel. In the dust

collectors deposits have been exper-

ienced on the tube sheets and at the

outlet cones of the collecting tubes.

To avoid deposits in the latter loca-

tion the outlet cones have been re-

moved. This probably has the result

of reducing the dust collector effi-

ciency to some extent, but this is

not considered serious.

As was to be expected, operation

of the cooling tower in winter is not

without its problems. Winter temper-

atures in Brandon are below zero

most of the time, and fali to 30 be-

low for about 2)2% of the time. This

results in se\ ere icing, and the prob-

lem is aggravated by the intennittent

nature of the load that the plant is

required to carr\

.

The cooling tower fans are ar-

ranged for two-speed operation and

can be reversed for de-icing pur-

poses. While it has been possible

b\' reversal of air flow, by closing

the louvers over part of the intake

area, and hy varx ing the nmnber of

cells in operation, to keep the for-

mation of ice more or less under con-

trol, the labour inxolved has been

considerable. Furthermore. cooling

water temperatures ha\e been higher

dining the w inter months than would

be desirable. It is expected that fur-

ther experience in cold \\ eather oper-

ation will de\elop \\a\s and means

of improx ing these conditions.
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CBC TELEVISION NETWORK

PROGRAM DELAY CENTRE

INTRODUCTION

G. E. Waters, P.Eng., A.M.I.E.E., Siipervising Engineer,

Plant Department, Canadian Broadcasting Corporation, Montreal,

Çue.

This paper discusses the geographical problems which prompted the Canadian

Broadcasting Corporation, at the beginning of 1956, to undertake the project of pro-

viding a center along the coast-to-coast microwave network at which television

programs could be delayed and later re-broadcast. Decisions which had to be

taken regarding the quantity and layout of the equipment required are discussed,

together with the problems attendant upon a double replay at closely spaced

intervals.

The performance of the system is assessed, insofar as this is possible with

equipment which has been in use barely six months, and mention is briefly made
of the staff requirements for such an installation.

IN A LAND as vast as Canada,

problems arise in radio and tele-

vision network operations which are

not met in geographically smaller

countries. Canada spans the North
American continent from Newfound-
land (longitude 55 °W) to Vancouver
Island (longitude 125°W)—a distance

of approximately one fifth the cir-

cumference of the earth at the 49th
parallel—^and thence still further

westwards to the Yukon (longitude

135°W).
Consequently, in Television Net-

work operations a program' timing

problem becomes apparent since

there is a total time difference be-

tween Newfoundland and Vancouver
of four and one half hours, which in

Fig. 1. Network Map.
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Fig. 2. Equipment Layout.

tiirn is divided between six time

zones (see Fig. 1).

The majority of the English lan-

guage television programs canied on

a network basis originate in Toronto,

and this is also the point of entry

into the Canadian network for pro-

grams originating in the United

States. Because of this, for the pur-

poses of program timing ali zones

westvvards are referred back to To-

ronto (i.e. Eastern Standard) time.

The Maritime Provinces on the east

coast are one hour ahead of Eastern

Standard Time, while Newfoundland
is one and one half hours ahead. The
major problems arise when programs

are fed westwards along the micro-

wave network as far as Victoria, Brit-

ish Columbia, where the time is three

hours behind Eastern Standard Time.

Clearly, any future extension of the

network into the Yukon will com-
pound the problem by an additional

one hour time difference.

In order to compensate for these

time zone differences it is desirable

to provide some method of recording

programs. This would permit a pro-

gram being aired at, say, 8 p.m. in

the Eastern Time Zone (the peak
evening viewing period) to be re-

broadcast at 8 p.m. in the Mountain
Time Zone (two hours later) and also

at 8 p.m. in the Pacific Time Zone
(three hours later). This point as-

sumes considerable importance when
viewed in the light of the saleability

of air time to sponsors of the bigger

commercial spectaculars.

To complicate matters still further,

the timing pattern outlined above is

subject to \ariation during the suni-

mer months, since stations in the

Province of Alberta remain on Stan-

dard Time, while most stations in

Saskatchewan and British Columbia
change to Daylight Saving Time by
ad\ancing their clocks one hour.

Further variations arise during the

fali when western Canada has re-

\erted to Standaixi Time while east-

ern Canada remains on Daylight

time until the end of October. Dur-

ing this latter period, delays of three

hours for the Mountain Time Zone
and four hours for the Pacific Time
Zone must be prox ided.

Alternative methods of providing

the required delay

It was with the foregoing com-
plexities of program timing in min d

that thinking proceeded in the earh

part of 1956, directed towaixls pos-

sible methods of providing the rc

quired time delays. At that time tli

only proveu and practical method >

recording telex ision programs for sub

sequent rebroadcast was hy film

—

i.e. the well-knowni kinerecording s\

-

tem. Provisional plans were draw

up for a system incorporating kiui

recorders, rapid film processing f..

cilities and rebroadcast by means
a telecine film chain. From the stai

it was apparent that such a s\"Steni

w ould be complicated, unreliable and

expensi\e to operate. In additior

studies indicated that it would onl\

just be possible to oporato with
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Fig. 4. Test Facilities in Master Control.

minimum delay of two hours be-

tween recording and rebroadcast.

In April 1956 the Ampex Corpor-

ation of Califórnia demonshated a

prototype video magnetic tape re-

corder and it was immediately ap-

parent that herein lay the solution to

television netvvork delay problems.

Nevertheless almost two years were

to elapse before the prototype video

tape recorder had been developed

into a production machine capable

of being integrated into a television

system.

Selection Of Delay Centre Location

Meanwhile, the management of

the Canadian Broadcasting Corpora-

tion had been making a detailed

study to determine the optimuni lo-

cation of the proposed TV Network
Delay Centre. Problems of capital

cost, running costs, duplication of

Netvvork facilities, staffing, etc. were

ali considered and eventually the

City of Calgary, in Alberta, was de-

cided upon as the most suitable lo-

cation. Reference to the network map
will show that Calgary is located on

the main microwave network at the

junction of the northern leg to Ed-
monton with the western leg to Van-
couver.

Thus it was decided to set up a

Television Network Delay Centre

vvhich would be a vital part of the

Canadian Television System, and in

January, 1958 some 5000 sq. ft.

of space was leased in the newly
completed Alberta Government Tele-

phone building in Calgary for this in-

stallation. This proved to be a happy
choice, since power and lighting

were available and the air condition-

ing equipment was already installed;

furthermore, the TV Network micro-

wave operating centre in Calgary

was housed in the same building,

three floors above the space leased

for the Delay Centre.

Building work began in mid-Feb-

ruary 1958 and was completed by
the Ist of April, when installation of

the technical equipment commenced.
The operational target date was al-

ready fixed for July Ist, 1958, at

which time the last section of the

microwave network from Calgary to

Vancouver would be completed and
ready for use.

Equipment Layout and Installation

In planning an installation of this

nature—the first of its kind in the

CBC system, some problems conceni-

ing equipment layout presented

themselves. At first it was thought to

be desirable to isolate pairs of ma-
chines in separata rooms, and sim-

ilarly to have the Master Control lo-

cated in a room of its own. How-
ever, after considering such factors

as sound isolation, personnel super-

vision, partitions and so on, it was
decided to locate ali terminal and re-

cording equipment in one area, but

to so arrange the layout that parti-

tions could readily be provided later

if required. This layout is shown in

plan view in Fig. 2.

Seven Ampex VRIOOO video tape

machines have been installed; six of

these were operational for the com-
mencement of the service on July
Ist, 1958, the seventh coming into

service a few weeks later. Six tape

machines are essential for the con-

tinuous recording and double replay

required to feed approximately fif-

teen stations on this section of the
network. The seventh machine is

provided as a standby in case of

failure of any of the six in service.

Each video tape machine is pro-

vided with both audio and video
monitoring facilities. Incoming net-

work, and audio and video test sig-

nals are fed to ali machines at ali

times. Pushbutton selection of the

desired feed is made at the individual

machines.

As received from the manufactur-
er, much of the equipment was
mounted in standard 19-in. equip-
ment racks. In the light of previous
experience it was deemed advisable
to relocate the equipment in racks
specialh- designed by the CBC en-
gineering staff to provide impro\'ed
and controlled ventilation of the

equipment. Fig. 3 shows a close up

Fig. 5. Replay Booth.
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of onc ol tlu' \ iclro tape recordei s

and its associated eciiiipnient.

Two teleeine chaiiis have been in-

stalled. and each chain comprises a

\ idieoii eaiiiera, two 16 mm film pro-

jectors and a 2 in. x 2 in. slide pro-

jector. These chains are intended
primarily as a safeguard against net-

work tailnre anywhere betvveen Tor-

onto and CalgaiA'. Sliould a failnre of

an lionr or more oeenr, then botli lhe

two honr delay network and the three

hour delay network must, each at

the appropriate time, be fed vvith a

standby film program. Additionally,

an appropriate slide may be inserted

in the outgoing feeds to either of

the two networks to cover short

breaks, programs underrunning, etc.

Special test facilities, shown in

Fig. 4, installed at the delay centre

include a mnltiburst Freqnency Gen-
erator, Window Generator and Stair-

step Generator. These signals, to-

gether with the familiar Indian Head
pattern derived from a monoscope
are used for testing both networks.

Stabilizing or line clamp ampli-

fiers are available at the Master Con-

trol position in order that any de-

gradation of the incoming video

signal may be corrected before the

signal is fed via distribution ampli-

fiers to the Ampex video tape re-

corders. Similarly, the audio signals

from the network are fed to a line

amplifier incorporating a VU meter

to permit adjustment of incoming

audio signal levei.

A high grade picture monitor and
a waveform monitor are bridged

across the incoming line, which is

terminated in the stabilizing ampli-

fier. A picture monitor and a wave-
form monitor are also fed from the

monitoring output of the stabilizing

amplifier prior to being fed to the

video tape recorders. Picture smear-

ing, for example, ma\' be apparent

on signals being received from the

network and it is imperative that such

a condition be observed and prompt-

ly rectified; monitoring both before

and after the signal passes through

the stabilizing amplifier gives the

Master Control operator an imme-
diate clue to the source of such

trouble.

Two synchronizing signal genera-

tors with changeover facilities have

been provided, although their func-

tion is of a secondar\' nature, since

the video tape recorders derive their

sync pulses from the incoming sig-

nal. However, the teleeine chains,

monoscope and test signal generators

require localh' generated s> nc pulses.

Locally generated sync pulses are

fed to each video tape recorder to

perform two functions. One fmiction

is to provide a reference timing sig

nal for accurate replay of the r"

Fíg. 6. Functíonal Diagram of System.
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Fig. 7. Master Control Monitoring Fatilities.

coided programs. Although the 60

cps power line freqiiency is normally

siifficiently accurate for controlling

replay speed, occasions have arisen

when violent fluctuations of supply

frequency in Calgary have caused

the tape machines to lose tiacking,

with consequent disintegration of the

pictuie. For the second functioii a

sync signal is fed to one position of

the input selector svvitch of each tape

machine so that on completion of a

recording the input may be switched

to record only sync pulses for a short

period. This ensures that on comple-

tion of the replay of a program

sync is continued. As an additional

safeguard, the sync signal is also fed

to the replay booths for switching

to the network during station breaks.

Two replay booths are provided

adjacent to the Master Control posi-

tion; these booths have facilities for

switching between program sources

—i.e. the seven video tape machines,

telecine, test signals and sync. Since

ali the tape machines replay non-

synchronous signals, mixing and
fading between machines cannot be

carried out and it was not, there-

fore, necessary to provide such facil-

ities in the booths. Simple relay type

switches are employed. Each replay

booth is equipped with a picture

monitor and a waveform monitor for

monitoring the outgoing video signal,

while a VU meter and loudspeaker

provide similar facilities for the audio

component of the program. These
audio and video monitoring facilities

are duplicated for preview purposes.

No audio console is provided as each
incoming feed to the booth is a com-
plete program fed at the standard

levei (for video tapes) of -|- 4 VU
and audio selection is accomplished
by relay switching, the relays being
actuated by a 24 volt supply con-

troUed by additional contacts on the

video switcher. By appropriate acous-

tic treatment the booths have been
made suitable for criticai subjective

monitoring of the outgoing program
audio quality, and this is one of the

most important functions of the

booths. Fig. 5 illustrates the operating

position in a booth, showing the

equipment installed.

In order to ensure accurate pro-

gi-am timing, a crystal oscillator

clock unit which delivers a 60 cps

frequency has been installed. The
secondary clocks are fed from the

crystal-derived 60 cps supply via a

30 watt amplifier. A receiver perma-
nently tuned to station WWV, is

also installed to provide a constant

check on the accuracy of the clock

system.

An office type intercom provides

communication between Master Con-

trol, the two booths, the seven video

tape machines and the two telecine

chains. The intercom equipment lo-

cated in the two booths and at the

Master Control position are master

stations, the remaining positions be-

ing outstations.

System Performance

The video tape machines have

been found to meet the manufactur-

er's specifications adequately, the

frequency response being wíthin ±3
db to 2.5 megacycles and approxi-

mately 10 db down at 4 megacycles.

The low frequency tilt is less than

2%.

The signal to noise ratio of the

video recording equipment is approx-

imately 32 db (peak to peak signal

to rms noise). Differences in video

heads give rise to some variations,

with a trend towards receiving quieter

heads from the Ampex Corporation

as the heads are returned for re-

newal.

The linearity of the system is ad-

justable by means of a white stretch

circuit incorporated in the processing

amplifier. The incoming signal passes

through one stabilizing amplifier and
one distribution amplifier before

being fed to the recorder. On replay

the signal passes through but two
distribution amplifiers and a relay

switcher before being fed back to

the microwave network.

The frequency response of the

stabilizing amplifiers is essentially

flat to 8 megacycles. By the obser-

vance of good engineering practices

the performance of the system (exter-

nai to the recorders themselves) is

more than adequate to pass the net-

work signal, having a bandwidth of

4.2 megacycles, to the recorder and

to feed the replayed signal back to

the microwave network without any

deterioration beyond that introduced

by the recorder. A functional diagram

of the video system externai to the

recorders is shown in Fig. 6.

Audio response is flat within ±3
db from 50 cps to 10,000 cps from

network input to network output,

including the recording process.

Normal Operation

As mentioned earlier, the Calgary

centre delays programs two hours

for the Mountain Time Zone, and
three hours for the Pacific Time
Zone. The signals are received from
Toronto over approximately 2000
miles of microwave network and re-

corded on one of the Ampex ma-
chines. Normally, only one half-hour

is recorded per machine, following

which a second machine takes over

for the next half hour. This may
seem surprising in view of the fact

that an Ampex video tape recorder

is capable of recording programs up
to one hour in length. A problem,

however, is introduced when two re-

plays are required spaced only one

hour apart. It will be apparent that,

if a one hour reel of tape is used,

the beginning of the second replay

will approximately coincide with the

end of the first repla\-. Even allow-

ing for the 90 seconds station break,

insufficient time is available for re-

winding, cueing, etc. before the reel

is replayed a second time.

From the foregoing it will be clear

that two machines are required for

continuous recording and two more
for continuous repla\'. A third pair

{Continued on page 84)



HEAD-LOSS COEFFICIENTS

for

NIAGARA
WATER SUPPLY TUNNELS

J. B. Bryce, M.E.I.C., Hydraulic Engineer

R. A. Walker, Assistant HydroiiUc Engineer,

The Hi/dro-Electric Power Commission of Ontário.

Introduction

Two LARGE tunnels convey the

vvater supply for the Sir Adam Beck-

Niagaia Generating Station No. 2
from intakes on the Niagara River,

some two miles upstream from the

falis, to a canal leading to the povver-

house forebay. The tunnels are each
approximately 5V2 miles long, are con-

creta lined, and have a finished dia-

meter of 45 ft. During construction

15 piezometer openings were pro-

vided in each tunnel to enable tunnel

performance, roughness coefficients.

and bend loss coefficients to be de-

termined for comparison with design

values. The tunnels came into opera-

tion in 1954 and a series of field

measurements were made to deter-

mine the performance of both tun-

nels. This paper describes the tunnels,

the provisions made for field testing,

the test procedures, and the results

obtained. A comparison with design

values is given also.

General Description of Niagara

Water Supply System

In Fig. I is shown the general

arrangement of the water suppK
facilities for Ontário Hydro's Sir

Adam Beck-\iagara Generating Sta-

tions Nos. 1 and 2. The original sup-

ply facilities for the Sir Adam Beck-

Niagara Generating Station No. 1

(formerh' known as the Queenston
Development) consisted of an intake

on the Niagara River at the juncture

with the W elland Ri\er, and an open
power canal, designated canal No. 1,

leading from the Welland River to

the generating station. A maximura
diversion in excess of 15,000 cfs is

carried b\- this canal swstem. The

Fig. 1. General plan of Niagara water supply system.

Canal No. 1

Canadian Niagara G.S. |

Toronto Power

Control
(rer^di

Control Gate*

Intake*

Sir Adam Beck
Niagara G.

S

mg

No. 1
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NUMBERS REFER TO PIEZOMETER LOCATIONS

oo TUNNEL NO. 2

RUNNING PROFILE
Fíg. 2. Plan and runníng profile of tunnels showing Piezometer locations.

o
o

passage of the 1950 treaty between

Canada and the United States made
possible a redevelopment of Niagaia

Falis, and the Sir Adam Beck-Niagaia

Generating Station No. 2 was con-

structed adjacent to the No. 1 station.

The water supply for the new de-

velopment is obtained from the Nia-

gara River through two submeiged
gathering tube intakes located some
two miles upstream from the falis and

downstream from the original intake

at the Welland River. After leaving

the intakes, the water supply is con-

veyed approximately SVa miles by two
large tunnels which discharge through

an outlet structure at their down-

stream ends into an open canal, canal

No. 2, which conveys the flow about

2V4 miles to the No. 2 plant forebay.

Canal No. 2 crosses the original power
canal at the same grade and water

levei about % of a mile upstream

from the forebay, and both forebays

are interconnected near their down-
stream ends. The pump storage plant

draws its water supply from canal

No. 2 just upstream from the canal

crossover. The new water supply

facilities can divert a niaximum of

about 48,000 cfs.

Description of Tunnels

The tunnels were drixen through

rock at a bore of 51 ft. and were
lined with concrete to a finished

diameter of 45 ft. The tunnels are

parallel to each other on 250 ft.

centres, and the geological formation

of the area required that the tunnels

be generalh' about 250 ft. below the

surface. Tunnel No. 1 which follows

the outer course of the river is about

28,800 ft. long, and tunnel No. 2

which follows the inner course is

about 28,100 ft. long. In Fig. 2 is

shown a plan and running profile of

the tunnels.

The alignment of the tunnels re-

quired 11 bends in tunnel No. 1 and
10 bends in tunnel No. 2. The one
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benct less in tuniicl No. 2 was chie to

the abilih' to combino onc lioiizontal

and ono \eitical bend into onc coni-

posite bcMid near the ontlet. Based on

piehniinar\' experimental work, an

H D latio (radiíis of cuivatuie to

diametei) of 5 was selected for each

bend to minimize losses. The locations

and deflection angles of the bends

inchided between piezometers are

gi\ en in Tables I and II.

The conerete Hning for the tunnels

w as pomed in two stages, the invert

and tlie arch. The invert portion,

forming the bottom segment of 60°,

was shaped by a steel screed, wood
floated, and steel' trowel finished by
hand. The arch, which constituted

the remaining 300°, was made in one

continuous pour around retractable,

movable. oiled steel fornis, 50 to 85
ft. long. Joints between adjacent pours

were first sawn to a % in. width and
then filled with a quick setting

cement mortar, and any projecting

circumferential edges were ground to

a 45° bevel. In Fig. 3 is shown a

photograph of a portion of tnnnel

No. 2 with the lining complete.

Design Considerations

In the design of large water supply

tunnels such as those provided at

Niagara, an accurate knowledge of

Fig. 3. Interior view of 45 ft. diameter Niagara tnnnel No. 2 near do%vnstream eii

with conerete lining complete.

the roughness coefficients and the

bend loss coefficients is of the utmost

importance. For a particular flow

capacity, the size of the tunnels de-

peneis upon the coefficients selected,

and the accuracy of the selection

governs whether or not the expected

flow capacity will be realized. In

selecting the roughness coefficient for

the Niagara tunnels, it was found that

Table I

Locations of Piezometers and liicitided Bend;^

Piezomeler

Tunnel
Chainage
(horizontal)

Tunnel No. 1

Centre Line
Distance
between

Piezometers

Bends, Radiíis 225 Ft.

No. feet feet

1 47 + 62
537

2 52 + 99
2,668

3 79 + 07
782

4 86 + 89
2,696

5 113+87
671

6 120 + 58
2,553

7 146 + 14

1,718
8 163 + 32

2,241
9 185 + 75

2,512
10 210 + 87

3,148
11 242 + 35

3,094
12 273 + 29

2,290
13 296 + 19

2,454

14 320 + 73
516

15 325 + 89

Deflection

Angle

Chainage
of P.í.

feet

2 @ 30°

24° - 26'

32° - O'

53 + 67
57 + 91

95 + 28

126 + 34

27° 31' 166 16

13°
6°

41'

06'
297 + 91

309 + 53

very little data was available on tun-j

nels of these dimensions. A formula

proposed by Mr. F. C. Scobey. Coe
sulting Engineer, which was based

an anab sis of many tunnels, was cor

sidered most applicable and was used

for the design.

It was found also that \ery lit

comprehensixe bend loss inforniatio^

was a\ailable for large tunnels.

the alignment of the tunnels wí

such that a relativeh" large numl
of bends was necessar\% it was con-

sidered that reliable information wí

required to determine the R D rati

for the bends that would produce
minimum head loss, and to determin^

the bend loss coefficients themselves

Accordingh-, comprehensixe exper^

ments were carried out on a 6 in

pipe to determine bend loss coet

ficients for a range of R D value

and deflection angles, and in Fig.

the results of these experiments

shown. \Miile it was expected. due
the scale factor, that the bend los

coefficients in a 45 ft. ti.mnel would
be somewhat less than those in a

6 in. pipe, it was felt that the results

woidd be relative and w oidd prov ido

comprehensive and conserxative

\ alues for design.

Due to the lack of field data o.

losses in large tunnels, it was felt

very desirable to pro\ide permanent

means of measuring the losses in the

completed tunnels. This would en-

able the performance of the timnels

to be determined, the loss coefficients

to be checked, and would provide ,i

means of detecting any change ;

performance over a period of tinu

.\ccordingl\-, prox ision was made fo

such measuroments.



Provision for Field Testing

During construction of the tunnels,

12 in. diameter holes were drilled

fiom the ground surface to the tun-

nels at approximately 500 ft. intervals

along the centre line of each tunnel

and were lined with 10 in. diameter

Steel pipes. These holes, which were

used to supply concrete for the tun-

nel lining, offered an excellent oppor-

tunity for the ineasurement of pres-

sure head in the tunnels. It was de-

cided to convert 26 of these holes,

13 in each tunnel, into piezometer

wells. In addition 4 piezometer wells,

2 in each tunnel, were installed near

the inlet ends. The locations were
chosen such that the pressure head
could be measured, insofar as possible,

at approximately 40 diameters down-
stream from each bend, 5 diameters

upstream from each bend, and at

selected points on the long straight

section of each tunnel. The locations

of these piezometer wells are shown
in Fig. 2, and the details of a typical

piezometer installation in Fig. 4.

While it was recognized that a piezo-

meter ring would have been superior

at each point, the considerable num-
ber of necessarily more complex in-

stallations were not considered to be
practicable.

Description of Testing Equipment

To determine the pressure head at

each piezometer, special gauges were
constructed to measure the vertical

distance from the top of the 10 in.

well pipe to the water surface in the

well. A weight, suspended on grad-

uated insulated conductor cables, was
lowered from the top of the well to

the water surface. From the bottom

Table II

Locations of Piezometers arul Includcd Hends

Piezomeler
No.

Tunnel.

Chainagc
{horizontal

)

feet

Tunnel Xo. 2

Centre Line
Distance
between

Piezometers

feet

Bends, Rarliu.i 225 Ft.

Deflection

Angle

Chainage
of P.I.

feet

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

.54 -I- 26

.59 -f- 48

82 + 98

86 + 89

115 + 52

123 + 79

145 + 18

162 + 91

189 + .50

205 + 40

242 + 35

273 + 30

291 + 91

320 -f 50

329 + 41

522

2,409

391

2,861

827

2,136

1,773

2,657

1 ,590

3,695

3,095

1,861

2,859

891

2 Co 30°

26° - 27'

32° - O'

27° - 31'

60 + 27
64 -I- 50

95 -I- 78

125 + 62

166 + 77

13° - 41'

6° - 6'
298 + 21
307 + 09

of the weight extended two electrical

contacts which completed a circuit

when they touched the water surface.

An ammeter and battery at the ground
surface completed the equipment, the

ammeter indicating when the con-

tacts touched the water surface. The
elevations of the tops of the well pipes

were carefully determined by precise

Finished Grade
^Manhole Cover

Protection Cover

Tunnel

13" O.D. X 3/8"
Steel Plate

Fig. 4. Details of

Piezometer instal-

lations.

'-0" Steel Pipe

10" O.D. X 1/2" Braas Inlet Plate with
2 . 3/8"* Hole.

levelling from project bench marks.

Test Procedure

In June of 1954 the No. 1 tunnel

came into service, and during Sep-

tember and October of that year 5

tests were made on the tunnel at dis-

charges ranging from 13,350 cfs to

24,050 cfs. The test procedure used

was to stabilize first the plant fore-

bay levei which governed the dis-

charge through the tunnel. When
steady conditions had been achieved,

measurements of water levei in ali

the piezometer wells were made, and
the discharge through the tunnel was
measured by current meter in the

canal downstream from the tunnel.

Each test was of approximateh' 3

hours' duration, the time necessary

to make the current meter measure-

ment. Water leveis in the piezometer

wells were measured at 5-minute in-

tervals. Using the data obtained in

these tests, a discharge calibration of

the No. 1 tunnel was obtained by
plotting the measured discharges

against the measured fali between
piezometers 2 and 13. The results of

this plot are shown in Fig. 6. where
the consistent nature of the relation-

ship between discharge and fali may
be noted. It is considered that this

relationship provides a sensitive and
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Table 111

Siiminary of Data Obtained Duriiig Tests

Tunnel No. 1 Tunnel No. 2

Tcsl Xiimber 1 2 3 4 5 6 7
l^"l<- Sept. 18 54 Sept. 18/54 Sept. 19/54 Oct. 15/54 Oct. 16, 54 Xov. 24 55 Nov. 24,55
Disrharge r/s 18,010 15,990 13,345 24,050 20,800 23,110 23,110*
I) airr Siirface

Hlcratioii

Piezometer
No. 2 558.49 559.33 560.28 556.66 558.43 557.05 556.43

3 556.93 558.03 559.25 554.35 556.48 555.08 554.73

5 555.59 556.99 558.48 552.13 554.79 552.95 552.73
6 555.37 556.83 558.37 551.71 554.46 — —
7 554.56 556.24 557.92 550.36 553.33 551.18 550.80
8 553.97 555.76 557.61 549.25 552.60 550.21 —
9 — — 548.56
10 552.34 554.49 556.70 — — 547.39 —
11 551.27 553.69 556.12 544.55 548.80 545.71 545.53
12 — _ _ _ _ 544.08 543.79
13 549.48 552.29 555.15 541.48 546.37 542.73 542.74
14 548.65 551.68 554.78 540.07 545.16 — —
15 — — 540.41

Water Temp.—°F 63 63 64 61 57 44 44
* Estimated.

Table IV
Compiitatiun of Koughness Coefficients

Test

No.
Tunnel
No.

Discharge

cfs

Velocity

fps

Reynold's
Number

Average
Head Loss
Feet Per
Thousand

Mann>ng's
n

Weisbach

f

1 18,010 11.33 4.35 X 10' .336 .0121 .00759
2 15,990 10.05 3.87 X 10' .260 .0120 .00746
3 13,345 8.39 3.25 X 10" .180 .0119 .00742
4 24,050 15.12 5.66 X 10" .592 .0120 .00750
5 20,800 13.08 4.60 X 10" .462 .0123 .00782
6 23,110 14.53 4.16 X 10" .549 .0120 .00754
7 2 23,110* 14.53* 4.16 X 10"* .568 .0122* .00780*

* Estimated.

satisfactory meter of the No. 1 tunnel

flow.

Tunnel No. 2 carne into seivice

duiing October 1954, and a test with

both tunnels in operation was made
in November 1955. Sufficient gauges

were not available to measure the

water leveis simultaneously in the

piezometer wells of both tunnels. Ac-

cordingly, measurements were made
first on tunnel No. 1 at 5-minute in-

tervals for 2 hours, and then similar

measurements were made on tunnel

No. 2 for an equal period. It was
planned that during the test the dis-

charge through both tunnels would
be measured by current meter in the

No. 2 canal downstream from the

Fig. 5. Bend loss coefficient curves from tests on a 6 in. steel pipe.

0-40
I

1 1 1 1 1 1 1 1 1 1 1-^ 1

0.0
o 5 10
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"
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tunnels. The No. 1 tunnel discharge

would be then determined from the

fall-discharge relationship obtained

in the No. 1 tunnel tests, Fig. 6, and

the No. 2 tunnel flovv by subtraction.

Unfortunately it was found that with

both tunnels in operation at the low

forebay levei, the velocities in the

downstream canal were too high for

accurate cuirent metering. A second-

ary method of obtaining the dis-

charge, that of metering the No. 1

canal flow and subtracting it from the

total plant discharge, also proved un-

satisfactory, as velocities in the No. 1

canal were again too high for accurate

current metering. Therefore, no ac-

curate measurement of the No. 2 tun-

nel flow was obtained. From the ap-

proximate measurements that were
made, it appeared that the No. 2

tunnel was carrying about the sanie

flow as the No. 1 tunnel. Based on

the assumption of equal flows in both

tunnels, results have been computed
for the No. 2 tunnel for comparative

purposes, but these must be con-

Fig. 6. Tunnel
No. 1, relation be-
tween head drops,
Piezometers 2-13,

and discharge.
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OBSERVED TEST VALUES
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sidered as estimates only.

Metliod of Computing Head
Loss Coefficients

The tunnel gauges were so located

that 3 reaches did not contain bends
and were considered sufficiently

downstream from the pieceding bend
to permit true fiiction losses to be ob-

tained. Insofar as possible all these

reaches were used in the computa-
tion of roughness coefficients. For
each test the average water surface

elevation in each piezometer well and
the head loss between wells were de-

termined. The average -head loss per

thonsand feet was computed from the

total head loss and the total length

between piezometers in the straight

sections. Computations were then

made for each test of the roughness
coefficient n in the Manning formula:

V =
1 AOCÍ 1/2
1.48or s

and the roughness coefficiont / in the

Weisbach formula:

where

:

V = average tunnel velocity in ft. por

second.

r = hydraulic radius of tunnel in ft.

.s- = mean slope of hydraulic gradient.

hf = loss in head due to friction in ft.

L = length of tunnel reach in ft.

D = diameter of tunnel in ft.

g = acceleration due to gravity in ft.

per second per second.

For each test, using the roughness

coefficients determined from the

straight sections, the friction loss be-

tween piezometers in the reaches con-

taining bends was computed, and the

bend loss determined b\' subtracting

this friction loss from the measured

total head loss between piezometers.

For each bend loss thus obtained,

computations were made of the bend
loss coefficient K in the formula:

where; h,, is the head loss in feet due

to the bend onl\'.

Test Results

In Table III is summarized all the

measured data obtained during the

tests on the tunnels. The leveis for

piezometer No. I are not included in

the table as this piezometer is located

near the outlet from the intake and
is not relevant to these tests. When

the tests were carried out it was
found that certain of the piezometers

were plugged or partialh plugged

and were obvioush" not yielding the

correct water levei, and these also

have been omitted from the tabula-

tion.

The results of the roughness coef-

ficient computations appear in Table

I\' where the \alues of » and / are

given for each of the tests. Tabula ted

also for each test are the tminel dis-

charge and \elocity, the average fric-

tion loss per thousand feet, and the

Reynolds Number. In Fig. 7 the

values of / obtained from the tests

are plotted on a Re\nolds Number
base on the chart adapted from Fric-

tion Factors for Pipc Flow by L. F.

Moody, A.S.M.E. Transactions. Nov-
ember 1944. The purpose of this plot

is to compare the roughness of the

Niagara tunnels with that to be ex-

pected from theoretically smooth

pipes, and to indicate the relative

roughness of the timnels.

For timnel No. 1 the average valuc

of n obtained for all tíie tests was
0.0120. Although the Scobey formul.i

was not similar in form to the Man-
ning formula, the predicted los.ses foi

the test conditions would produce an

(Contimicd on fnific >S5)
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THE USE OF ELECTRONIC COMPUTERS

IN THE FIELD OF CIVIL

AND STRUCTURAL ENGINEERING

A. M. Lountj, M.E.I.C. Consulting Engineer,

A. M. Lount and Associates, Consulting Engineers, Toronto.

Seetion I—Basic principies

It is necessary to understand the

fundamental principie of computer
operation in order to fully appreciate

the applications of this tool. A short

introduction is therefore necessary for

the benefit of readers not familiar

with these fundamentais.

The computer is essentially a piece

of equipment capable of adding, sub-

tracting, multiplying, dividing, and
storing information. The operations

are carried out automatically in

accordance with a set of instructions

given it beforehand. A commonly
used analogy is the post office an-

alogy. The procedure can be likened

in a rather crude fashion to a post

office sorting room. Fig. 1 shows a

sketch of such a room together with

the corresponding computer diagram.

On the right is a set of pigeon-holes

in which are located data or other

information. On the left is an in-

struction board on which are listed

in precise detail the instructions to

be followed by the postal clerk. In

the middle is a table on which the

clerk can perform the tasks assigned

to him.

The pigeon-holes are ali numbered.
These numbers are called, naturally

enough, addresses. The first instruc-

tion may tell the clerk to clear the

table. The second tells him to go to

slot no. 1 and to add the contents

to what is on the table. He does

this by going to the slot, copying

what is in it, and taking this infor-

mation to the table. Since the table

is clear, the information on the table

is now the same as that contaíned

in slot no. 1.

The third instruction tells him to

go to slot no. 2 and add the infor-

mation to the table. This is done as

before and now, since the table pre-

viously contained the information in

slot no. 1, it now contains the sum
of the information in slots no. 1 and
no. 2.

The fourth instruction tells him to

take the answer from the table and
store it in slot no. 3. The last instruc-

tion tells him to stop. This is neces-

sary, since, in the case of the com-
puter, the operating médium is un-

able to make any decisions on its

own and would become either very

confused or very worn out searching

for a non-existent instruction.

The operation of the computer is

similar. However, the instructions

are carried out at speeds almost be-

yond our comprehension. The speed
of different equipment varies from
about 200 operations per minute for

the smaller slow-speed equipment to

40,000 operations per second for

very high-speed equipment.

Seetion II—Vocabulary

A certain addition to our regular

engineering vocabulary is necessary

to enable us to discuss computer ap-

plications in símple terms.

The words accumiilator, memonj
or control are readily understood

from Fig. 1. The accumulator is ob-

^'iously a place where the actual nu-

merical operations are carried out by
means of accumulating the informa-

tion. The memor\- is, of course,

where numbers are stored until re-

quired. The control directs the oper-

ation. The address is the number
which locates the slot in the mem-
ory. The memory may consist of mag-
netic drums, cores or tapes. Some
portions of the memory ma\- be
easier to reach or faster in use than
others. Such portions are referred to

The rapid development of the use of electronic computers in the field of

civil and structural engineering has been ene of the most fascinating developments

in recent years. The progress has been such that it has become important that

engineers review their methods and approach to problems in the light of the

possibilities inherent in this new tool.

Aided by our public newspapers and popular magazines, we have tended to

accept in the past the stereotyped concept that the electronic computer can only

be operated by experienced scientists, mathematicians or physicists, and could be
applied to only the most complex of problems. In truth such concepts are far from
reality and retard the practical application of these modem tools to everyday

problems.

The main purpose of this paper is to show how the electronic computer can,

in fact, be applied to the most common and prosaic of tasks.

Let US begin by putting the computer in its proper place in relation to the

engineer. In his excellent book on this subject, Mr. MacCracken of the General

Electric Co. made the observation that the computer should not be regarded as

an electronic brain but rather as a high-speed moron. This emphasizes the main
point that the computer is the servant, not the master. It has to be told, it cannot

tell. It bears the same relationship to the engineer as does the slide-rule, the desk

calculator, the transit, and the aerial photograph. These are ali means by the

proper and judicious use of which the engineer can better and more efficiently

perform his tasks.
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Fig. 1. Sketch showing post office "analogy".

as hiíih-spccd iiiciiioiie.s or iitinicdidic

access memories. Other portions ot

the memoi)' mi\y be quite s\ow to

use and are not so readily accessible.

These aie callt-d irniotc or secondarii

memories.

The instructions given to the con-

trol are callcd the program. The
operation of feeding the program
into the machiiie is called program
iiipiit. Tliis is the means by which
the macliine is aetivated to work ou

an actual probleni.

The data niay be fed into the ma-
chine hy means of punched tape,

punched cards, magnetic tape, or it

nia\ be typed directly by means of

an operator. This whole phase of the

operation is called inpiit.

Correspondingly, the means by
which the machine released the in-

formation computed by it is called

output. Often the machine can com-
pute far faster than it can get rid of

the information it has computed. In

such a case the problem is output

limited.

Some may wonder about the terms

digital and analog. The computers
described in this paper are ali dig-

ital computers. They operate on the

basis of numbers of digits. Analog
computers operate on the basis of

analogous circuits or measurements
(í.e. slide-rule) and results are meas-
ured in physical terms from such
circuits, i.e. voltage drops. A typical

analog computer operation is a net-

work analyser, such as used by many
power authorities to determine net-

vvork properties.

Fig. 2 shows a typical analog com-

puter. Note its size and the board

by which the properties of the in-

ternai circuit can be adjusted.

Fig. 3 shows a typical digital com-
puter. This computer is an IBM 650,

a medium-speed computer operating

at about 2400 operations per second.

(0.67 ms add 12-17 ns X ^)
Fig. 4—a slow-speed digital com-

puter—Burroughs Electrodata 101.

Fig. 5—Univac II, a high-speed

digital computer.

Fig. 6—IBM 704—a very high-

speed digital computer.

Fig. 7 — Bendix G-15-D — a

medium-speed computer.

Fig. 8—LGF 30—Royai McBee.
Ali digital computers operate on

the same basic principies. Therefore,

while the mode of operation of each

machine may differ, the philosophy

behind their use remains constant.

The balance of this paper is con-

cerned with the program itself or,

in other words, the instructions given

to the machine for the execution of

a particular series of operations for

a given problem.

Section III—Civil Engineering

Applications

The three major fields of applica-

tion in civil engineering are:

a) Earthwork
b) Structures

c) Hydraulics and Hydrology

a) Earthwork

The application of electronic com-
puters to earthwork computations is

probabh the most widespread appli-

cation to date. In this field the coni-

Fig. 2. Typical Analog Computer (REAC).
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Fig. 3. I.B.M. 650 Computer.

puter has shown itself capable of

performing in a few houis work
which normally would have taken

several men several weeks or months.

The simplest application is, of

course, the straight volume calcula-

tion, such as used on highways or

for borrow pits. In these applications

the Computer is used to rapidly de-

tennine the volumes of earth that

have been moved or that would be
moved in accordance with a certain

plan.

This is, of couíse, one of the

earliest applications of the computer
in the civil field. However, a more
sophisticated use of the computer
has begun to develop. As an example
of this we may cite highvvay earth-

vvork quantities. At first, the original

cross-sections and the profile and
template of the finished roadway
vvere fed in as data into the com-
puter. The computer then calculated

the quantities of cut and fill material

required for a certain stretch of road.

It also could calculate the accumu-
lated difference or the mass-haul di-

agram.

The computations are so rapid

that it becomes soon apparent that

one bottleneck is the mere handling

of data. Problems very frequently

become limited by input capacity

and the time required to place the

data into the computer becomes by
far the largest part of the computa-
tion time. This, of course, is a most
inefficient way to use high-priced

equipment. Therefore, the idea has

been conceived of marrying the elec-

tronic computer with aerial photog-

raphy, and this has been done most

successfully in at least two or three

instances. One such program devel-

oped by a firm called Photronix, Inc.

of Columbus, Ohio, determines from
the aerial photographs the cross-sec-

tions of the road. The stereo-plotter

transforms automatically the data

into a form suitable for acceptance

by a computer. In this manner, the

amount of work required in data

input is minimized. This procedure

is also foUowed by McElhanney,
McRae, Smith & Nash of Vancou-
ver, B.C.

This is one of the most interesting

consequences of the advent of elec-

tronic computers. Engineers are ap-

parently not satisfied with merely

being relieved of the drudgery of

carrying out computations. They im-

mediately set about to find additional

work for themselves to do. As a re-

sult, they produce computer pro-

grams which do far more than could

have been possible manually. The\-

devise means whereby they not only

determine the volumes of cut and
fill and the excess of one or the

other over a certain stretch of road,

but, in addition, they have developed

means which will automatically bal-

ance volumes of cut and fill by pro-

file adjustment. The final end result

is therefore the optimum grade cal-

culated electronically directly from

aerial photography. The accuracy of

such results is better than 1%, a

figure consistently achieved in Ohio
and Indiana. This has been so suc-

cessful that contractors have begun
to quote better prices on computer
calculated quantities than on man-
ually computed quantities since the\

have found them to be more reliable.

This reliability is, in fact, one of

the major advantages of the compu-

ter. Once a program is established

and is checked out for a given prob-

lem, we can be sure that the results

produced by that program will be

accurate. The element of human error

is at least minimized, if not complete-

ly eliminated.

The Ohio program mentioned pre-

viously selects the optimum vertical

alignment on a given horizontal

alignment for a given highway. It

will do this for either single or dual

lane roads. It will even vary the

vertical alignment in each individual

lane in order to produce optimum

conditions.

The Massachusetts Institute of

Technology has developed a compu-
ter program which not only deter-

mines optimum vertical alignment

but also selects optimum horizontal

alignment. This is done from aerial

photography using a grid of eleva-

tions taken over a given terrain. In

this case the electronic computer is

used not only to select the optimum
\'ertical elevation, but also the opti-

mum horizontal routing to produce

the most economical oxerall route

considering physical terrain condi-

tions only.

At this point the engineer's new
role becomes apparent. In the past

he has been often used in operations

involving considerable amounts of

drudgery, thus occasioning a con-

siderable waste of talent and man-
power. In his new role, however,

he will not have to make monotonous
calculations but he is going to have

THE ENGINEERING JOURNAL—JULY, 1959 77



ti) hc niost carcful that the rcsults

.K-hio\od h\ tlie coniputer ha\'e real

nuMiiing. Hc niust assess factors not

includecl iii the data supplied the

(.omputer, see whether they can be

or slioukl be considered by it, and

iiiake allowances for such considera-

tions in his interpretations. The engi-

neer must be careful not to accept

computations tor more than what

the\ are, namely additional data on

w hieh he can make a considered en-

gineering judgment. He must make
sure that the necessary social ele-

ments, siich as the routing of the

highway through suitable áreas, are

taken care of. He must make sure

that tlie information being fed to the

computer is not based on invalid

assumptions. He must make sure, in

other words, that the answer is not

onl\- correct from the mathematical

pornt of view, but also correct from

other engineering and social-political

aspects. Some of these aspects and

different points of view can be them-

selves expressed in the form of a

program and given to the machine

itself. In other words, in the MIT
program it would be quite possible

to limit the possible road locations

and to weigh the cost of obtaining

access rights, etc. It is possible to

feed in terrain data, such as whether
the ground is rock, muskeg, clay or

sand. Naturally, as the problem be-

comes more and more complex, it is

going to be necessary for the engi-

neer to pay far more attention to the

validity of his basic assumptions in

relationship to the problem under
study.

Questions have been raised about
the validity of old and standard ap-

proaches to some problems. For in-

stance, are we really achieving mini-

Fig. 4. Burroughs Electrodata 101.

mum cost by balancing cut and fill

or by balancing cut and fill modified

by material factors? Is it not actually

the fact that the fill and the cut

material themselves, except that

taken from a borrow pit under royal-

ties, costs nothing? It is the cost of

excavation, transportation, back fill-

ing, and compacting that involves

the expenditures. Therefore, is it not

better to analyse the design of a road

in terms of the means by which that

road is going to be constructed? We
know that hauling material uphill is

more costly than hauling material

downhill. We know that certain types

of material and excavating equip-

ment cannot operate at the same
speed or with the same capacit\' as

others. The conditions of the ground

o\er which the equipment works is

also of importance and can be made
a part of our cost considerations.

There is a term that is useful in

discussing computer application, and
that is mathematical model. This

\\'ord is self-explanator\- and repre-

sents a wholh' mathematical repro-

duction of a particular problem. On
such a model we can perform oper-

ations, we can stud\ the effects of

certain variables, and we can make

Fig. 5. Unívac II—High Speed data processing Computer.
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Fig. 6. I.B.M. 704 High Speed Scientific Computer.

a complete re-study of cost. The
main advantage of such a model is

that it can be altered readily and
that the cost of production of the

model, provided that it falis within a

certain general pattein, is usually

trivial.

b) Applications to Structures

The application of the electronic

Computer to structures is somewhat
of a paradox. In a particular sense.

probably no field of computer appli-

cations has been as thoroughly

studied and as thoroughly developed

as the structural application field.

The aircraft industry has made use

of electronic computers for structural

computations for several years and
stress analysis has become a major

function for the computers in the

aircraft field. We mentioned the

word paradox because insofar as civil

engineering is concerned, there has

been little use made of computers to

date. There appears to have been
very little migration of information

between the two fields. This is due
in part to the fact that in the aircraft

industry the computations carried

out have been of such complexity

that manual operations were out of

question. Therefore it became quite

natural to turn to the electronic com-
puter, since the initial cost of Solu-

tions was not a major consideration.

The relationship of vveight to strength

bears a very much greater import-

ance in the aircraft field than it has

in the past in the structural field.

Therefore, the need and the essen-

tial requirement is for thorough anal-

ysis.

In structural design the cost of

program development cannot usually

be amortized on a given operation.

It is therefore necessary to reuse a

program several time to justify its

existence. Medium-speed computers

have now reduced programming
costs albeit at the expense of slightly

higher operating expenses.

With the increasing availability of

medium-speed computers in the lovver

cost ranges and increasing familiarity

of engineers with the potential of

the computers, rapid progress is be-

ginning to be made in this field.

Later on in this paper we will discuss

in detail a particular application of

electronic computer to the design of

a multiple rigid frame.

c) Hydraulics and Hydrology

The electronic computer has been

used successfully for years by such

organizations as the Ontário Hydro
and the US Corps of Engineers for

hydraulics and hydrologic calcula-

tions. The computer with its high

speed is well adapted to the tedious

and repetitive calculations that are

associated with several hydraulic cal-

culations, such as open channel flow

and surge tank calculations.

The application of the electronic

computer to the field of hydrology

is beginning to be more widespread.

In particular, the US Corps of Engi'-

neers has made successful applica^tion

of electronic computers to h>'dro-

graphs, water reservoir flows, and

flood control problems in general. It

is now quite feasible to develop a

mathematical model of a watershed

and to investigate very thoroughly in

a pre-hydraulic model stage, if you
wish to call it that, the possible

effects on a watershed of certain

improvements.

Finally, we have the application

to general miscellaneous items, such

as surveying, planning coordination,

estimating traffic analysis, etc. In

this field the computer has been suc-

cessfully applied to asimuth obser-

vations, geodetic calculations, closure

of traverses, layout of highway slope

stakes, layout of interchange ramps,
layout of curves, etc.

It can also be used in overall

planning, scheduling, and coordina-

tion of projects. In other words, the

entire schedule of a project of a

civil engineering nature can be put

on to a computer and various com-
binations of timing for various phases

of the work can be studied in rela-

tionship to their effect on overall

cost. And in similar fashion the com-
puter can be used to produce cost

estimates far more detailed than pre-

viously possible simply by virtue of

being able to take into consideration

more variables.

Section IV—Application to a

particular problem

We will now discuss the application

of the computer relative to a particu-

lar problem. The problem we will

select for initial discussion is the cal-

culation of influence lines on a five
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Fig. 7. Bendíx G 15 D Computer.

sp.in hiidge stnicture. The stnictuie

uiulor (luostion will liavc \'ariable

iiimneiits of ineilia and cach of the

spans can be oí ditfcrent length. An
experienced designer, who is doing
this t\pe of work ali the time, vvill

prohably be able to make a calciila-

tion of this t\ pe in a few days. How-
e\er, in the aveiage design office a

designer of this calibre is not usually

free to de\ote his entire time, for

e\en one day uninterruptedly, to one
problem of this type. It has been
found after careful survey of condi-

tions in several offices that a prob-
lem of this natiire will usually involve

expenditure of at least $100 of direct

payroll cost. This, with a normal
o\erhead, works out to an actual job

cost of the order of $200. Not only
tliis. the time of an employee is tied

up usually for about a week if we
include the original design and the

checking involved. There is also con-
siderable and understandable reluc-

tance to recalculate for a different

set of conditions should any varia-

tions be found desirable. This is

not so much due to the cost element
as it is due to the time element in-

volved in the design of the structure.

Let US suppose, that it is decided
to apply an electronic computer to

this particular problem:

1) Problem statement. To deter-

mine the nioments at the supports
and at mid-span for a load travelling

across the entire bridge structure,

load positions to be considered at the
centre of each tenth point of each
span. In addition, influence lines will

be required for the reactions at each
of the supports.

2) Methods of compiitation. Many
methods of calculation could be used.
In general, these may be classified

into three broad categories:

a) Classical three-moment equa-
tion

b) Slope deflection

c) Moment distribution

The first factor that needs to be
considered is that the solution of

simultaneous equations is not a dif-

ficult or lengthy problem for an elec-

tronic computer. Within certain limits

imposed by economics, electronic

computers can solve large numbers of

simultaneous equations- The smaller

computers can handle equations of
the order of 29 x 29 and the larger

computers equations up to 2.50 x 250.
The second consideration is that

since the initial cost of programming
will be very large in comparison to

the operation cost, it is desirable to

keep it to a minimum. provided that

the operation e.xpense does not suffer

accordingly. Therefore, we tend to

avoid methods such as moment dis-

tribution which \vi\\ require elaborate

planning at the program stage- This

is wliere the three moment equation

or slope deflection ma>\ in certain

cases, ha\e an ad\antage over

moment distribution. It is simple to

set up a pi^oblem in concise terms

using these methods. It must be re-

membered that the engineer does not

participate in the indi\idual stage or

the computation. The computer can-

not make decisions for itself. There-

fore, ali the possible situations that

may arise must be thoroughh' pre-

planned. And it is quite feasible in

moment distribution to have certain

situations arise which, under normal

circumstances with manual operations.

would not lead to any difficalties, but

wliich, ]iowe\er. could lead to

trouble on computer work. The en-

gineer can exercise his judgement in

deciding on the number of cx cles to

carry distribution. On apphing this

method to the computer he must pre-

determine the A arious situations that

may arise and tell the computer what
to do under the circumstances.

The three-moment equation ap-

proach has the advantage that it can
be very simply stated in terms of the

various properties of each indix idual

span and the load position. This

niakes it possible to plan rei")eated

cN cles of calculation which are kno\\ n

as loops.

W e thus see that moment distribu-

tion. while an admirable method for

manual u.se. is not nece.ssarily the

Fig. 8. Royai McBee LGP 30.
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Fig. 9. Typical General Flow Sheet—Influence Line Program. Fig. 10. Portion of detailed flow sheet.

solution for the computer. When put-

ting a problem on the computer, it

is often necessary to return to very

first principies in order to achieve

optimum results. We should caution

the reader, however, that for large

regular frames a form of moment dis-

tribution can be used to good effect.

3) Selection of mede of operation

for computer. Having determined the

method of calculation and having

stated the problem, now it is neces-

sary to select the computation mé-
dium and the means of operating that

médium. For reasons previously dis-

cussed, insofar as the structural analy-

sis is concerned for a problem of this

nature, which is not going to be re-

peated a very large number of times,

a medium-speed computer is usually

the most economical. For the prob-

lem that we are discussing we have
selected a Bendix G-15 computer
which would be used as a means of

demonstrating the method of solu-

tion.

There are several ways in which
the computer can be operated- Each
individual instruction can be given to

the machine in what is known as

machine language. When writing a

program in this language it is neces-

sary to detail to the very last step

each individual operation. This means
that to program such a simple opera-

tion as a multiplication, it is necessary

to load the necessary portions of the

rotating magnetic drum, tell the ma-
chine to carry out a certain number
of operations, make the necessary

transfers right or transfers left to

take care of the decimal point loca-

tion, and to replace the results in the

proper storage slots in the proper

sequence. There are many advantages

to this type of programming which
is known as machine language pro-

gramming. Full advantage can be
taken of the tremendous speed of the

machine and this method is ideal for

obtaining maximum efficiency out of

the machine on short multi-reused

problems. Fortunately, for the average

application, it is neither necessary nor

advisable to adopt this mode of oper-

ation. There are what is known as

interpretive routines. These interpre-

tive routines take very simple instruc-

tions, such as multiply, add, divide,

subtract, etc. and convert them by
means of the machine itself into a

series of instructions to the various

portions of the machine for the execu-

tion of the actual instruction. In this

manner the programmer need not be

concerned in detail with what is

going on inside the equipment. It is

true that a large amount of flexibility

is lost and the actual operation of the

program is considerably slowed down.

This, however, must be balanced

against the great simplification of

programming and therefore the re-

duction of cost of the programming.

There are different types of interpre-

tive routines available to the pro-

grammer depending upon the circum-

stances. Some interpretive routines

can eventually be converted to ma-
chine language by means of specially

prepared computer programs. Such
programs are called "compiler pro-

grams". It is well to remember. how-
ever, that very elegant procedures

and highly efficient machine use al-

most inevitably depend on careful

machine language planning.

Having selected a mode of compu-
tation, a flow-sheet is prepared. Fig. 9

shows a portion of the flow-sheet for

the problem in question. This sheet

is self-explanatory. This is a general

flow-sheet, in other words a portion

of the general attack on the problem.

This outlines the method of solution

to be used and can readily be fol-

lowed by an engineer not at ali

familiar with the computer itself. This

is a stage at which the program
should be given the most criticai ap-

praisal not only by the programmer
himself but also by ali who are con-

cerned with the eventual use of the

program. It is at this stage that the

validity of assumptions and methods
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must lu' stiulifil. It is at tliis stage

.it which tlu' scope, iiatiire, and the

extent ot tho piogram can be studied

and thoreFoie its nsefulness assessed.

Fig. 10 shows a detailtxl flow-sheet.

rliis Flow-sheet takes the previous

mon' general one and breaks it down
iiito indi\idual operations which will

lia\e to be canied out on the ma-
ehine. As vou will see, this is in con-

siderable detail. On this chart a

simple loop is shown. This particular

computer has what is known as índex

registeis. These are simple counting

devices that enable us to determine
the number of times a certain opera-

tion is repeated. Thus, in going

through the computation shown on the

board, \\e go througli the additional

mnltiiílication loop once, the index

rcgister is increased by one, vve go
through the loop again, and the pro-

cess being repeated until such time

as the number of times for which the

register has been preset is achieved.

Once this number of operations has

been completed, the computer pro-

ceeds to the next portion of the cal-

culation.

Fig. 11 shows a portion of the final

coded problem. This is the coded
section for the detailed portion shown
previously. We have standard code
numbers for each individual opera-

tion. At the bottom of the picture you
will see a description of some of the

code numbers.

4) Debugging. After the coding is

completed, the problem is now ready

for the computer. First of ali, this

coding should be thoroughly checked.

This particular problem involved 1600

instructions. It is almost impossible to

avoid making some sort of error in

coding. In fact, the recognition that

the human element is subject to error

is fundamental to computer applica-

tions. It is necessary to check out the

program at every stage. This check-

out is known as debugging. There are

many classes of errors, such as:

a) Improper operation. Such an

improper operation may be, for

instance, division by zero. This

is an obvious impossibility for

the computer and therefore the

computer rejects it.

b) Error in assignment of code
numbers or address.

c) Typographical errors.

The above errors are usually de-

tected by the simple reason that the

computer refuses to operate, or pro-

duces results that are obviously in

error.

Other errors are of a much more
subtle nature. In a loop calculation of

the type previously described, it is

necessary to provide a means of get-

ting out of the loop, otherwise the

computer will not stop. Finally, it is

necessary to check out a type prob-

lem to make sure that the right

answer is being obtained.

Fig. 11. Typical Coding Sheet ( Interpretive routine coding).

.Vo/é>.s

Oper.
Location Code Address A"

= 580 - 589) Stored
a in 600

Ir = 510 — 519[ storage locations
X = 420 - 429)

Clear and add a 101 4v 600
Subtract a 102 59 600
B, = 103 3x 000 1

B, =0 104 3x 000 2
B, = 105 3x 000 3

Dl = 1 106 40 001 1

D2 = 1 107 40 001 2
D3 = 1 108 40 001 3
L, = 9 109 41 009 1

L, = 9 110 41 009 2
L, = 9 111 41 009 3
Clear and add Mx 112 4v 580 1

Multiply by 113 67 580 1

Multiply by x 114 67 420 2
Divide by
Add "a"

115 4z 510 3
116 5v 600

Store back to "a" 117 5x 600
Increment 1 118 65 119 1

Increment 2 119 65 120 2
Increment 3 120

121
122

65 112 3

Debugging can often be by far the

most costly part of the whole pro-

gramming operation. It is one that

requires careful attention on the part

of the engineer and programmer, care-

ful, logical thinking, and, above ali,

patience. However, there is one con-

solation, and that is, once a program
is written, checked out and operating

correctly on one problem. it will oper-

ate correctly on ali other problems of

the same type. As long as the human
operator does not make a mistake, it

is virtually impossible for the machine
to do so. If the operator does make
a mistake, a properly prepared pro-

gram will detect it.

,5) Operation. The operation of a

prepared program is extremely simple.

One needs onl\' load the program tape

into the machine, then load the data

for an individual problem, and set the

machine into operation and the de-

sired results will be forthcoming, af-

ter the elapse of a certain length of

time. The actual operation of the

machine for a given problem is the

simplest part of the whole operation.

And obviously, where a problem is

to be repeated many times the cost

of programming and development

costs associated with it are soou re-

covered.

Fig. 12 shows the portion of the

output from a program for the calcu-

lation of a multiple span bridge with

\'ariable moment of inertia. The out-

put in this particular case is in what

is known as floating decima] form.

This is a means that provides a neat

compact arrangement and provides

for the correct location of the decimal

point. Fig. 13 shows a txpical arra\-

of figures in floating point decimal

form. This output mode is not e.ssen-

tial and results can be obtained

usually at a slight increase in program

cost in fixed point form.

6) Cost comparison. It has been

found that for the above problem the

program de\elopment costs were

about $3,500.00. It is anticipated that

this and the related programs for the

four and three-span bridge structures

will be reused as much as 200 times

over the next two years. This means
that the amortized cost per use \\ ill

be on the order of $17.50. On top of

this, the machine operation cost for

each time works out to approx.

$48.00. This means that a five-span

bridge of this type can be anaKsed
on a computer of this t>pe for a cost

of approx. $65.00 total.

7) Possible savings on liigher speed

equipment. If higher speed equipment

such as IBM 704 or Uni\ac II were

to be used, the operation cost would
diop sharpK. Once a program has
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been formulated, i.e. written in terms

suitable for lower speed computers,

it is often quite feasible to make a

conversion to the highest speed equip-

ment. But since the rates per hour of

the larger machines can be anywhere

up to 20 times that on a slower ma-
chine, it is easy to see that the de-

bugging costs could very easily climb.

Also input-output time must be con-

sidered. The question of economics

at this point is whether the repeated

use of the program would justify the

increased cost of the further speed

possible on the higher speed equip-

ment.

In general, it can be stated that the

more repetitive the problem and the

longer or more tedious it is, the more
one should consider the use of very

high-speed equipment. For problems

that will not be repeated too often

and for problems of a fairly eomplex
nature it is often desirable to use a

medium-speed computer so that the

programming costs do not become ex-

cessive. It is very true that on high-

speed equipment some extremely

high-powered programming methods
are available. It is still true, however,
that an undetected logical error in

the flow-charting will very rapidly

consume a lot of time on high-speed

computing equipment. A minute of

silence costs far more at $750 per
hour than at $40.

Section V—New Theory
As discussed above, the methods of

computation used on a computer
must be selected so that they can
make maximum use of the possibilities

inherent in the computer. For in-

stance, moment distribution was de-

signed for manual operation, particu-

larly manual operation with the slide-

rule.

The computer has a different base
of operation. In ali fields of engineer-
ing, for instance, we have seen a shift

in the methods of calculations used
as a result of the introduction of elec-

tric desk calculators. Similarly, with
the advent of the electronic computer
we are going to see a shift and a de-

Fíg. 13. Use of floatíng point notation
to determine decimal position.

Numhers in

floaling

point

decimal
47.12345 =

48.12345 =

49.12345 =

50.12345 =

51.12345 =

52.12345 =

53.12345 =

54.12345 =

Numhers in

fixed
point

decimal
0.00012345
0.0012345
0.012345
0. 12345
1 . 2345

12.345
123.45

1234.5

c
(A

a.m

o
Ph

O

Support Moments

Mb
-51.18294 50.63170
-51.53547 51.18490
-51.85064 51.29373
-52.11058 51.38186
-52 12793 51.44175
-52.13493 51.46592
-52.12947 51.44707
-52,11013 51.38029
-51.76295 51.26345
-51.28845 50.99604

-51.41540 -51.13281
-52.10648 -51.45213
-52.14837 -51.81134
-52.16705 -52.11705
-52.16421 -52.14735
-52.14472 -52.16.598
-52.11443 -52.16740
-51.79285 -52.14743
-51.44438 -52.10452
-51.13329 -51.40000

51.13329 -51.40000
51.34827 -52.10452
51.49128 -.52.14743
51.55782 - 52.16740
51.55308 -52.16598
51 49099 -52.14735
51.39004 -52.11705
51.27035 -51.81133
51.15066 -51.45213
50.44254 -51.13281

-50.33190 50 99605
-50.87787 51.26345
-51.12672 51.38029
-51.14897 51.44707
-51.15.525 51.46592
-51 14720 51.44175
-51.12724 51.38186
-50.97877 51.29373
-50.61613 51.18490
-50.21050 50.63170

Fig. 12. Typical output for influence line problem.

c3

a
«2

Md
-50.21050
-50 61613
-50 97877
-51.12724
-51.14720
-51 . 15525
-51.14897
-51.12672
-50.87787
-50 33190

50.44254
51 . 15066
51 270.36

51.39004
51.49099
51.55308
51.55782
51 .49128
51.34827
51 , 13329

-51. 13329
-51 .44438
-51 79285
-52. 11443
-52 14472
-.52 16421
-52 16705
-52 14837
-.52.10648

-51.41540

-51.28845
-51.76295
-52 11013
-52.12947
-52 13493
-.52 12793
-.52 11058
-51.8.5064

-51.53547
-51.18294

velopment of methods particularly

suitable for use on electronic com-
puters. An example of such a shift is

in the methods of computation of

rigid frames. There is not time in this

particular paper to dwell at any length

upon this particular phase of the

problem; a short example will suffice.

The author has developed a method
which combines certain of the ad-

vantages of moment distribution with

certain of the advantages of the three-

moment equation system as applied

to electronic computer solution.

The basic theory rests on the prin-

cipie that prior to loading ali joints

are considered to be frozen. After

loading fixed moments are produced
at the ends of each span. AU the

joints are then released simultaneously

and obviously a conection is then ap-

plied to the fixed end moment pre-

viously obtained. An important prin-

cipie at this point is that it is only

this correction moment which causes

rotation of the joints. Therefore the

correction moment can be solved for

using the three-moment equation.

This means that it becomes possible

in a multiple rigid frame to provida

an absolutely general solution for the

frame irrespective of the loading. This

is done by applying successively to

each individual joint a unit unbalance.

Once this is obtained, we can pre-

pare a table or store in suitable com-
puter addiess locations the effects at

every joint of a load which would
produce a fixed end moment of x,j at

any point in the frame.

This method produces a rather in-

teresting type of simultaneous equa-

tion, namely one that consists of

either four or three elements along a

diagonal form in the matrLx of the

equations. Since we know that ali

equations for this type of problem
will be in the same general form, it is

possible to evolve a special solution

of the simultaneous equations which
is a good deal more efficient than an
universal matrix inversion formula or

the usual Gauss elimination for the

solution of the equations.

Sidesway in the frame is taken care

of in the same manner as in moment
distribution. It is unfortunateK not

possible in the scope of this paper to

THE ENGINEERING JOURNAL—JULY, 1959 83



disciiss this appioach in detail. It is

uuMitioncil heie ineiely to point out

that witli the olectronic computei'

a icvision iii otir appioach to piob-

Ii ius is going to l)ec'ome necessary

in order to take inaxiinum advantage

oí the computer. It will bc essential

to le-exainine our appioach to eiigi-

iieering pioblems in the hght of the

facilities which are offeied us by the

olcctronic computei'.

Section Ecoiiomics of

Computer applications

In tlie problems and applications

mentioned above the electronic com-

pnter has demonstrated that it can

acliieve substantial savings in design

costs for earthwork calculations, struc-

tural calculations, hydraulic calcula-

tions, traffic control problems, and a

multitude of other cases. Moreover, it

can be shovvn that there is a far more
important side to the problem than

this. Quite irrespective of the design

costs, overall economies can be
achieved by the means of much more
thorough analysis and study of a given

problem than was heretofoie pos-

sible. In estimates of cubic yard cost

for a particular earth moving job the

method whereby that cost was derived

will have to be studied. And in the

course of studying it, attention will be
focused upon the efficiency of the

means for executing the work. Greater

attention will therefore be brought to

bear by the engineer on the means
of executing his work and conse-

quently greater efficiency will be the

outcome. Initially, there is no doubt

that the computer will be viewed with

a certain amount of suspicion by those

vvho feel that it may do the engineer

out of work or that we ali may be-

come robots or machines of some
kind. Actually, the author's own feel-

ing is that the contrary will be true.

He feels that the computer will re-

move the drudgery of calculations

from the shoulders of the engineer

and therefore will enable him to be

free for much more creative thinking

than he has been in the past.

Section VII—The future

As far as the future is concerned,

it is difficult to predict what the ac-

ceptance of the computer will mean
over the next five or ten years. It is

safe to predict, however, that the

automatic design of standardized or

semi-standard structures will become
common. A so-called semi-standard-

ized structure is a structiire designed

for a particular application in which
a structure of any particular type will

be tailor-made to an individual job

and yet will bear a general family re-

lationship to other structures. As an
example of this, the author has de-

veloped a program which will design

a complete bridge and detail the

structure, complete to the prepara-

tion of bar lists. The analysis of this

structure involves some of the pro-

cedures mentioned before. In addi-

tion, it determines the optimum di-

mensions of the structure for a given

loading condition so that the mini-

mum cost is achieved. The cost being

based, in this case, upon the price

of concrete, the price of reinforcing

Steel laid, and the cost of form work.

In addition to this, the dimensions

and quantities for the given structure

are calculated together \\ ith the ele-

vations of the bridge deck to con-

form with the road profile. The com-

puter program will prepare an ac-

curate bar list for the individual

structure.

Future developments, as mentioned

before, are hard to predict. It is.

however, quite feasible that the com-
puter will undoubtedly become essen-

tial in the planning of ali major

projects involving a close scheduling

of materiais, careful inventory con-

trol, and careful manpower planning.

Job cost Controls are an obvious ap-

plication of the computer in the con-

tracting field. The extension of the

idea of preparation of bar lists to

other types of structures \^"ill mean
that we will be freed from the drud-

gery of the preparation, checking and
rechecking of these necessar>- but ver\'

tiresome accessories to construction.

These developments must, of course.

be individually measured in tenns of

the economic justification of the ex-

pense involved in setting up the ne-

cessar\' programs and routines to

handle the work in question. How-
ever, these are economic limitations

in which each case will have to be

considered on its own merits. Insofar

as the practical feasibility is con-

cerned, the limitation is merely the

limitation of the imagination on the

part of the engineer himself.

C.B.C. TELEYISION NETWORK (continued fwm page 67)

is required for the second continuous

replay, while as previously noted,

the seventh machine is available as

a spare in the event of electrical or

mechanical breakdowns.
It will be observed that no provi-

sion has been made for duplicate re-

cording and replay to guard against

any failure resulting in loss of a re-

cording. Such an insurance would
double the requirement for opera-

tional machines. In spite of this, .some

duplication of recording is under-

taken as and when machines are

available.

Readers who are familiar with the

Ampex VRIOOO recorders will be
aware that there is no positive

method of monitoring during the re-

cording process to ensure that the

picture being seen is in fact being

recorded on the tape. The recording

process is based on the use of a fre-

quency modulated RF carrier. Dur-
ing the recording process the RF
signal at the output of the modiilator

is supplied to two paths, one being

directly to the recording head and
the other path being via a demodula-

tor to a picture and waveform mon-
itor. This system provides a check

on the electronic circuitry of the re-

cording system but unfortunately

provides no check of the recording

head.

During replay, control of the

waveform and amplitude of the sig-

nal derived from the tape is pro-

vided. The signal is fed to the booth

where after switching, it is fed via

a Distribution Amplifier to the mi-

crowave network for onward trans-

niission. No stabiliziíig amplifier is

provided in the output of the booth

for two reasons. In the first place,

it was considered desirable to mini-

mize the amount of equipinent in

the signal path following the re-

corder; secondly, absence of a stab-

ilizing amplifier puts control of the

waveform and amplitude in the

hands of only one person, nameK"

the tape machine operator. The in-

tercom system permits the booth

operator to call the attention of the

tape machine operator to any incor-

rect condition of the out^iut wave-

form.

Three programs are being handled

simultaneousK'—one incoining and

two outgoing. In order to niaintain

close liaison with the microwave net-

work operator, ali contact is made
through the operator at the Delay
Centre Master Control. To facihtate

this, the Master Control ojXTator is

pro\ided with i')icture, \\a\eform

and audio monitoring facilities for

ilI iirograms simultaneously. This
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operator also maintains the faiilt log.

See Fig. 7.

No editing of tape lecordings is

undertaken, chiefly because of the

limited time available, but also be-

cause an additional tape recordei- is

required for such an operation. Edit-

ing is not normally required, hovv-

ever, since only completed prograins

already on the network are handled.

The basic number of operators re-

quired by the system is six, allocated

on the basis of one operator to each

pair of Ampex recorders (three in

ali), one in each of the two replay

booths, and one at the Master Con-
trol position. This, of course, does

not represent the total staff, since

provision must be made for shift

work, holiday reliefs and so on. In

addition, some maintenance staff is

required. Approximately twenty tech-

nicians, plus supervisory staff, are

employed at the Delay Centre.

Emergency Operation

It will be recalled that two tele-

cine chains are installed, each con-

sisting of a vidicon camera into

which are optically multiplexed two
16 mm projectors and a 2 in. x 2 in.

slide projector. When the occasion

arises to play film to the network
the Ampex machine operator for the

appropriate time zone replay per-

forms the functions of projectionist.

The booth operator, having the vidi-

con camera control unit adjacent to

the operating position (see Fig. 6)

carries out the function of camera
control operator.

Results

Speaking generally—and bearing

in mind the limited time which the

equipment has been in use as of the

date of writing—the results obtained

have fully justified the decision made
in 1956 to go ahead using video tape

recorders as the means of delaying

TV network programs. One is in-

clined to ponder upon the possible

course of events had video tape re-

corders not made their appearance

and had this project proceeded on

the basis of a kinerecording system.
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NIAGARA WATER SUPPLY TUNNELS (continued fwm page 74)

average n of 0.0114. It is considered

that this comparison indicates satis-

factory agreement between the for-

mula values and the test results.

Computing the individual bend loss

coefficients for each test on tunnel

No. 1 indicated an undue variation

in the value of K. However, by aver-

aging the individual bend loss coef-

ficients for ali the tests more consis-

tent results were obtained. These
average values of K, and the values

determined for tunnel No. 2, are

shown on Fig. 8 where the bend loss

coefficients are plotted against the

deflection angles of the bend. Shown
also is a mean bend loss coefficient

curve which was derived from the
average overall bend loss between
piezometers 2 and 14 for ali tests.

This method was used to minimize
the possible errors in measuring the

relatively small losses at each bend.
For comparison purposes, the bend
loss coefficient curve obtained from
the tests on the 6 in. pipe for an
R D value of 5 is included in Fig. 8.

Discussion of Results

From Table IV it may be noted
that the roughness coefficients ob-
tained for tunnel No. 1 are quite con-
sistent. Although the discharge used
for timnel No. 2 can be considered
an estimate only, it would appear
that the roughness coefficient for that

tunnel is of the same order as for

tunnel No. 1. It is believed that the
No. 1 tunnel roughness coefficients

are reliable, as the straight portions

used in their determination were of

considerable length and consequently

the friction loss was large in relation

to any probable error in piezometer

levei measurement. The discharge

measiuements also were considered

to be satisfactory, their consistency

being indicated in Fig. 6. Inspecting

Fig. 7 it may be observed that the

values of the roughness coefficients

obtained are quite low and not much
above those that would be expected
from a theoretically smooth pipe. The
relative roughness is also very low and
it is considered that the surface

smoothness achieved is most satisfac-

tory.

The results of the bend loss tests

were somewhat disappointing. From
the tests on the 6 in. pipe, it was
found that extreme accuracy and pre-

cision were required to obtain con-

sistent values. This is basically due
to the fact that the bend loss is a

relatively small quantity obtained as a

difference between two relatively

large quantities, i.e., the total loss

between piezometers and the loss due
to friction. Any small error in either

of the larger quantities has a large

percentage effect on the resulting

bend loss and on the bend loss coef-

ficient. It would appear that the pre-

cision of the measurements was not

sufficient to produce consistent bend
loss values. It is possible that a piezo-

meter ring, rather tlian a single piezo-

meter, might have produced more
satisfactory results. However, the re-

sults do indicate the order of the bend

loss coefficients, and it is believed

that the mean curve is a reasonable

estimate of the actual losses due to

the bends. Comparing these results

with those obtained from the 6 in.

pipe tests, it appears that the tunnel

bend losses are approximately 60%
of the 6 in. pipe values.

Conclusions

In terms of diameter and length,

the Niagara tunnels are among the

largest water supply tunnels in the

worid. A considerable effort vVas

made to provide minimum loss bends
and a smooth internai surface in

view of the large economic value of

maximum discharge capacity. It is

considered that the results of the

tests indicate a very satisfactory per-

formance from this standpoint, the

overall discharge capacity being al-

most identical to that assumed in the

design. As little perfonnance data is

available for tunnels of this size, it

is hoped that the results reported

herein will be of interest and will

add to the knowledge on this subject.
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RIVER ENGINEERING

AS A COLLEGE COURSE

FOR CIVIL ENGINEERS

T. Blench, M.E.I.C., Professor of Engineering,

University of Alberta. Consulting Engineer.

The author believes that the absence from civil engineering curricula of

any effective instruction in river behaviour produces as serious national con-
sequences as would the absence of soil mechanics. Within the limited space
available he outlines reasons for this belief, and the possibilities of removing
the deficiency.

The fundamental principie of river

self-adjustment

Stated exceedingly briefly the funda-

inental feature of rivers that move
non-cohesive material along their beds

and have sides that are erodíble is that

they tend to adjust themselves to

average breadths, depths, and slopes

that depend on (a) the sequence of

discharges imposed on them (b) the

sediment load acquired by them from
catchment erosion and erosion of their

own boundaries and (c) the resistance

of their cohesive banks to erosion.

Geologists and speciahst engineers,

especially those who have had to deal

with irrigation canais carrying sedi-

ment, have been generally acquainted
with this principie for at least half a

century and the specialist engineers

have known satisfactory fundamental
quantitative laws for some 30 years.

Of course there are some rivers with
entirely rigid inerodible boundaries
and they do not self-adjust.

Typical engineering errors consequent on
ignorance of the principie of self-

adjustment

It would obviously be unfair to use
specific instances to illustrate the mis-

fortunes that have befallen engineer-

ing projects conceived in ignorance of

the principie of self-adjustment. Ac-
cordingly the author has invented
some hypothetical cases based on true

life to demonstrate how ignorance of

very simple phenomena, nearly ali

vvell known to geologists and special-

ists, can lead to major errors and even
catastrophes in large civil engineering
projects; resemblance between these

cases and any real project is purely
coincidental.

Case A
Province 'B', downstream, per-

suaded Province 'A', upstream, to

agree to its building a dam on a river

that flows from 'A' to 'B'. The dam
ponded water right up to the boun-

dary where A had a small town, up-

stream of which was a fertile alluvial

plain. 'A' believed that the lake would
be an amenity for the town and that

the river upstream of the lake would
continue to run as usual. Actually,

within twenty years the town had to

be abandoned because it became
waterlogged and subject to enhanced
high flood leveis, and the enhanced
waterlevels could be felt 20 miles up-

stream by farmers who suffered flood-

ing, waterlogging, and deposition of

river detritus on their good land. Ap-
parently 'A' 's engineers who recom-

mended acceptance of the proposal

did not know the sediment load of

the river, or that a delta would form,

or that a river cannot run horizontally

through a delta or anywhere else, or

that artificialh' flattening the slope of

a self-adjusting river causes deposition

of load and a return to the original

slope, or that the ultimate fate of the

project (if left to itself) would be a

reservoir full of sediment and a ri\er

running parallel to tlie old one at a

height equal to the height of the dam
above its old bed.

Case B
Countr\- 'B', downstream, per-

suaded country 'A', upstream, which

had rivers 'X', 'Y', 'Z' in common to

divert river 'X' ijrto river 'Y' for the

benefit of irrigation in 'B' and, in re-

turn, country 'A' could have ali the

water rights of ri\'er 'Z'. The schenie

was worked out entireh' in terms of

acres of irrigation and kilowatts of

power without any consideration of

what might happen to the rixers.

When 'X' was dixerted into the

latter started to erode its banks and to

drop its leveis, ^^'ithin 20 years the

breadth of the belt in which the ri\ er

meandered had increased 50^ o\er

some 40 miles of ri\er length. with

consequent loss of agricultural land,

the river had degraded up to 10 ft. in

places, the products of enhanced ero-

sion had filled a reserxoir in a canal

s\stem, an irrigation barrage had to

be built to meet the rights of riverain

dwellers who had been left high and

dr> b\ the receding ri\er, and major

repairs had to be made to a dam
spillwa>- that had suffei-ed se\ere

undercutting because of the same de-

gradation. In this case "A" "s engineers

w ho recommended acceptance of the

proposal did not know that, relati\'el\

.

a big ri\'er adjusts itself to have a big

meander belt and a flat slope.
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i. Damage to agricultural land resources S-õO million

ii. Damage fiom sedimentation in reservoirs SõO million

iii. Maintenance or impairment of capital value of draínage

enterprises $17 million

iv. Maintenance of inigation projects $10 million

V. Maintenance of haibours and navigable channels $12 million

vi. Watei" purificatioii resulting from turbidity $ 5 million

vii. Sedimentation damages partly or wholly included in flood

damage estimates $20 million

viii. Other damages (highways, railways, pipelines etc.) Sll million

Case C
A new highway crossed many me-

andering rivers. The bridge designers

had river crossings surveyed and fixed

the foundations of the piers at a cer-

tain number of feet below the river

bed leveis discovered at each pier

site on the day of survey. Ten years

later many of the high bed leveis at

piers had become low, and vice versa,

many bridge piers and abutments had

been propped up by masses of stone

revetment and a few had been

washed out by floods because stone

had not been dumped in time. Many
of the approach banks had had to re-

ceive expensive stone protection be-

cause the rivers had moved over to

hit the roads some distance from the

bridges and run along them; in one

case a flood had gone right over a

road and started a new river a mile

avvay from a bridge. Here the engin-

eers did not know that the nature of

meandering rivers is to change course

cyclically.

Case D
Without making measurements of

sediment load at ali stages of flow a

high dam was built to store water for

irrigation. After 10 years it was found

that the reservoir had lost 15% capac-

ity because of sediment deposition

and was therefore no longer a guard

against the once-in-20-years drought.

Ali the settlers had occupied the irri-

gated area under the impression their

reservoir would last forever, there was
no other site for a large dam, and re-

moval of the sediment mechanically

was found to be quite uneconomic.
Here the engineers had no knowledge
of the rate at which deltas can form
from heavily laden rivers, or perhaps
imagined that deltas might fonn in

the dead storage instead of at the

entry of river into lake.

Case E
Engineers put the large spillway

discharge of a reservoir down an old

steep creek that had never carried

more than a trickle. The original drop
over the spillway was 15 ft. After

50 years the drop was 70 ft. and the

spillway had been replaced by a chain

of drops, each one having been made
in the hope that there would be no
more retrogression of leveis. Here the

engineers did not know how to relate

discharge to the slope that nature re-

quired for it in a given soil; probably
they did not even know there was a

requirement.

Case F
In a system of unlined irrigation

canais (controlled rivers actually) the

engineers designed ali the big chan-

nels to steep slopes so that cut and

fíll would balance, and ali the small

distributing ones to flat slopes so as

to gain command of the fields. After

10 years they had had to protect ali

the bridge piers on the big channels,

which had insisted on cutting down
to flatter slopes, and had to face

the peipetual cost and nuisance of

annual sediment clearance of ali the

small channels which insisted on de-

positing their sediment load in an

eíFort to obtain enough slope to carry

it along. The engineers did not know
about self-adjustment, and therefore

did not know how to design the chan-

nels to carry their load to the fields

and avoid erosion or deposition.

Cost of sedimentation in the U.S.A.

Naturally there is no good record

of the costs, in difterent provinces or

countries, of errors such as just de-

scribed. An interesting assessment of

the annual cost of sedimentation in

the U.S.A. is contained in the welcom-
ing address to a Federal Inter-Agency

Sedimentation Conference of January
1948 (proceedings edited and pre-

pared for publication by the U.S.

Bureau of Reclamation). The authors

personal guess is that most of the

sedimentation could have been fore-

seen, and that this would have meant
important differences in schemes actu-

ally executed. The assessment did not

pretend to be anything more than an
attempt to estiniate the order of mag-
nitude of annual cost with the object

of demonstrating the importance of

sedimentation, so the reader should

not use the condensed breakdown
(above) of annual costs in any other

sense without reading the whole of

the address:

An interesting statement re item

(ii) is relevant to case (D) of the pre-

ceding section. It reads:

"The estimate is based essentially

on the annual cost of fully maintain-

ing the services now provided by
these reservoirs through construction

of additional storage or equivalent fa-

cilities as needed, plus the net losses

if replacement is not possible. Addi-

tional storage must be provided in

many drainage áreas when 15-40% of

the capacities of existing reservoirs

are depleted. Often the supplementar\

storage will cost 2-10 times as much
as the initial storage per acre-ft.".

Another interesting statement re

item (i) is relevant to case (A). It

reads:
".

. . it should be borne in mind that

sedimentation damage to agricultural

land is cumulative, whereas flood-

water damage is recurrent. For ex-

ample: On a given piece of valley

land which is overflowed on an aver-

age once in 5 years, sufficiently to

produce a total crop loss, the loss is

one-fifth of the potential net retum.

Take the same piece of land, however,
and allow channel aggradation to

raise the water table under the land so

that crops cannot be grown at ali,

and the loss of retum every year is

5 times as great".

Finally:

"Because the effects of many forms
of sedimentation are slowly accumu-
lating, however . . . because sedimen-
tation is not generally spectacular

like a flood, which is here today and
gone tomorrow, leaving catastrophe

in its wake . . . the true significance

of the sediment problem has not been
generally appreciated, even in the en-

gineering profession, much less among
laymen".

Importance of river knowledge in North
America

The engineers tremendous scope
for construction in contemporary
North America permits him to com-
mit far greater errors than have
occurred elsewhere. For example, the
irirgation barrage s\ stem on the Indus
and its tributaries that started late last

century and has continued progres-

siveK- to date has shown (Ref. 2) that

every barrage results in the river up-
stream rising slowh' but surely to the

ultimate condition of parallelism with
itself at a higher levei fixed b>- the

mean increased elevation at the bar-

rage. (Changes of discharge and sed-

iment distribution alter tliis simplified
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st;itein(Mit soinew liat. biit do not affect

its gonoial applic'al)ilit\- to the pieseiit

.11 titio.) The raising by tlie banages,
w hifh were not intcnded for stoiage,

was only a few fcet in each case,

there \\ere no cities in the flood

phiin.s, the economy was somewhat
piiiniti\ e, and índia and Paki.stan now
inulerstand the plienomenon thor-

onglih- and make fntuie plans to allow

for it. In North America engin-

eers have thought nothing of dam-
ming rivers comparable in size and
sediment load to lieights of several

Inmdred feet, there are cities

or towns in some of the flood

plains, the economy is far from
l^riniitive and, so far as the author can
disco\er, engineers generally are un-
aware that there can be a sediment
problem at ali—some countries do
not even conduct routine sediment
surveys to find where there is a prob-
lem and the implications of some sur-

veys do not seem to have been appre-
ciated. (Of course, the trouble from a

100 ft. high barrage is not ten times

that from a 10 ft. high one since a

valley cannot rise faster, by deposi-

tion, than the rate corresponding to

the total amount of sediment available

for deposition). The interested reader

will find, in Refs. 3 and 4, further

examples that unfortunately do not

separate the effects of wrong engin-

eering from wrong soil conservation

policies of the remoter past.

Engíneering ethics in water disputes

Engineering and politicai ethics in

water disputes is far too touchy a

subject for generalization, but it is

vital to a province's or country's inter-

ests, so the author will risk some per-

sonal observations. He has seen major
water disputes either as a species of

cold war or a tough game in which
certain fouls are disbarred but the

general idea is to beat the other side;

he has also seen lifelong friendships

betw^een engineers fade away when
they have found themselves on oppo-
site sides in a water dispute. Under
no circumstances would it be consid-

ered ethical for a member of one
party to let moral scruples about out-

witting the other cause him to divulge
information that would interfere with
the outwitting process. For e.xample,

in Case 'A' an engineer of Province
'B' who knew exactly what his prov-

ince's proposals would do to damage
Province 'A' if they were accepted
could not be expected to inform
Province 'A' about it although, so

the author believes, he would be mor-
ally compelled to inform his own ne-
gotiators. And, in view of the possibly

tremendous eÉFects from wrong de-
cisions, this brings us to the need for

a country or province to have engin-

eers to advise its negotiators (as The
Engineering Journal has mentioned
previously), and to be quite sure that

these engineers are expert in river

hydraulics (which is not taught in

colleges).

Removal of ignorance of river behaviour

In the author's opinion ignorance

of river behaviour is not universal;

the trouble is that it is the preroga-

tive of the civil engineers who build

and plan watei projects. If these

civil engineers could cooperate with
suitable geologists or specialist engi-

neers, major errors would probably
disappear. However, despite sincere

efforts such as demonstrated by the

Inter-Agency Sedimentation Confer-

ence, there are large practical diffi-

culties. One is to find who really are

the few suitable geologists and spe-

cialists. Another is to obtain effective

cooperation between people whose ex-

periences and outlooks are polés apart.

Another, in our world of large insul-

ated departments of central govern-

ments (most major water projects have
to be central government ones if for

no other reason than the refusal of

rivers to recognize provincial bound-
aries) is to translate agreements

amongst a few experts at a technical

levei up to a policy making levei

where similar agreement is possible;

quite different departments of a gov-

ernment may divide amongst them-

selves aspects of river work that a

scientist would say are vitally inter-

linked; e.g. soil conservation, dam
building, navigation, diversions for

irrigation and power, hydrologic

studies, geomorphic studies, irrigation

canal construction and running. On
the whole the author, while heartily

supporting cooperation between agen-

cies, is of the opinion that the only

efl^^ective solution is to ofter civil en-

gineering students the opportunity to

study appropriately designed courses

in river engineering, just as they now
study soil mechanics. Then the civil

engineers who plan and construct will

know the principies affecting . the

rivers with which they interfere, and

will be able to assess the magnitude

of the consequences of these interfer-

ences.

Need for text books

River science might be classed as

geologic because its phenomena can-

not be studied adequately without

world-wide coverage over periods of

time comparable with a man's life-

time. Therefore, expertness cannot be
acquired from personal experiences

alone; reading the experiences of

others is essential. But tiie subject is

broad enough to receive contributions

from workers of quite diíferent out-

looks, training, and abilities and, like

ali new sciences, abounds with appar-

ent (often unreal) controversies; hence
uncoordinated literature can be ex-

ceedingly difBcult for a reader im-

acquainted with several branches of

science and lacking criticai abilit\'.

Therefore a coordinated text is needed
to set out basic facts, develop equa-

tions representing observed quantita-

tivo correlations, explain them d\"nam-

ically, apply them to practical prob-

lems, and give references to outstand-

ingly useful or important literature.

The author recenth' published a con-

densed but comprehensive text (Ref.

1) as a sequei to a previousK" pri-

vately published one, in the belief

that a first book acts rather like a

dam breach causing a ílow of knowl-

edge out of ali propoition to its size.

Special Outlook needed by the river

engineer

According to the writer's engineer-

ing and teaching experiences the

school and college training of the

engineer, engineering physicist or

mathematical physicist usualK" leads

to the subconscious beliefs that:

i. Ali pliNsical phenomena meriting

attention de\elop in a time compar-
able with that required for one ph\ sics

or engineering laboratory exercise.

ii. Sufficiently complex mathematics

removes the errors arising from the

idealising assumptions of rigid bod>"

d\iiamics and rigid bonndarx' h\dro-

d\"namics and is, in fact, a perfect

substitute for physical knowledge.

It is exceedingly difficult to con-

vince a person A\ ith this outlook of a

host of facts that would be regarded

as commonplace by a geologist or an

agriculturist. For example. he would
not believe that (a) a building placed

on top of a wet cla\- cliff in 1958
might finish at the bottom during the

next wet c\cle of. say, 1998 because

the layout associated with the build-

ing iíicreased the water entering the

subsoil, (b) the least time needed for

obser\'ations of the relation between
bed and side seepage of canais in the

field, and the causes of seepage. is

one \ear; and lack of intelligible re-

sults within three months is no reason

for abandoning obserwitions, (c) a

tube-well irrigation scheme niay de-

plete the water table so much in ten

years that lift \vi\\ be trebled and the

wells will be drawing higliK saline

water (d) sediment-clearance of a

channel will not stop sediment from
entering from the catchment ;md re-

depositing. .\nd. of coui-se, he will

repeat the tnrors of cases A-F in-

( contimicd ou page 95

)
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MAGNETIC AMPLIFIER CONTROL

FOR REVERSING

HOT MILL AUXILIARIES

R. L. Duke, Section Engineer, MUI Industries Section.

L. R. Hulls, Application Engineer,

Canadian Westinghouse Company, Limited, Hamilton, Ont.

This paper discusses in general terms the various performance require-

ments for the drive and control of auxiliary equipment associated with a

reversing hot mill, and shows how magnetic amplifier regulators may be used
to advantage to produce systems with the required high standard of per-

formance.

Operation of the Reversing Hot Mill

When rolling either ingots into

slabs or slab into plate the hot steel

is passed back and forth between
the work rolls of the mill. The thick-

ness is successively reduced at each

pass by an appropriate adjustment of

the mill screws which control the

separation between the work rolls.

In order to avoid rolling material of

non-uniform thickness it is impera-

tive that the operation of adjusting

the screws be carried out in the

small time interval between passes

when there is no steel between the

work rolls. On the side of the mill

at which steel is entering, the metal

is carried on a series of regularly

spaced horizontal table rolls which
turn with a peripheral velocity ap-

proximately equal to the velocity at

which the metal is entering the mill.

A similar arrangement of table rolls

on the exit side serves to convey the

metal away from the mill.

The characteristics of the hot roll-

ing process are such that the metal

emerges from the mill at a velocity

which very nearly equals the peri-

pheral velocity of the work rolls. Since

the steel cannot accumulate in the

mill the volume of steel per unit

tíme entering the mill must equal

the volume per unit time leaving the

mill. The velocity of the steel enter-

ing the mill will depend upon the

rotational speed of the work rolls

and the reduction in thickness being

achieved. Thus if feet per minute
is the exit velocity and d., inches is

the exit thickness then if d^ inches

is the thickness of the steel entering

the mill the entering velocity Vj feet

per minute will be defined by the

following equation.

\\ = \\X^ ....(1)
dl

On reversing the mill the functions

of the tables on the exit and de-

livery sides are interchanged and it

is evident that the table speed will

have to be re-adjusted to conform to

the requirements of equation 1 if

there is to be no slippage between

the table rolls and the metal. A con-

venient arrangement for the control

of the table drives niatches the table

roU speed to that of the main drive

and introduces an appropriate

draught compensation signal to re-

duce the speed of the group of tables

which are entering the steel into the

mill.

It will readily be appreciated that

once the metal has emerged from

the mill at the completion of a pass

the function of retiuning the metal

to the mill is completely dependent
upon the table rolls. Anytime during

which steel is not between the work
rolls of the mill represents a non-

productive period in the cycle of

operation. Successful design of hot

mill drive and control equipment is

to a large extent dependent upon
the minimisation of the non-produc-

tive interval between passes. Delays

in reversing the table drives are by
no means the only cause of lost

time between passes. At the end of

each pass the mill screws have to be

adjusted and the steel must not be
allowed to enter between the work
rolls until the screws have moved to

produce the required separation for

the next pass. Side guides are re-

quired to centre the metal on the

tables before entering the mill and
again, this centering operation must
be achieved with a minimum of lost

time. On blooming mills manipula-

tors and fingers for tuming the metal

are required to operate between
passes.

In a manually controlled mill re-

duction of lost time will, to a large

extent, depend upon the skill of the

operator, however, poorly designed

auxiliary drives and control will place

a very definite limit on productivit\'

which cannot be exceeded by the

operator. In automaticalK- pro-

grammed mills the operation does not

depend upon the human element and
in these cases the efficient utilisa-

tion of the mill will be criticai!}- de-

pendent upon the operational char-

acteristics of the auxiliary dri\es.

A considerable number of auxiliar\'

drives with their associated regula-

tors and control, are necessar\- to
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fiisuir the satisfactory operatioii of

tlif niodern itneising hot mill. For

t'\;iniple, legulatois are required íor

mill tables, feed rolls, side guidcs.

mill scrows and edger screws. In a

c'omparati\t'l\ simple installatidii

some lifteen or more regulators

would be required for the proper

eontrol of tlie mill auxiliaries. Siiiee

failiire of aii\ one of these may
render the mill inoperative, reliability

and simplicit\- cannot be too strongly

emphasized in the design of the

etiuipment. Nhignetie amplifiers oper-

ating from a separate 400 c s supply

ha\e been suecessfully used for the

regulation and control of these aux-

iliar) drives. The size and arrange-

ment of the drive motors used in

this application requíre d-c. genera-

tors with a eapacity of 200 kw. or

less. With machines of this rating it

becomes economieally feasible to ex-

cite the generator fields directly from

magnetic amplifiers. This arrange-

ment eliminates the need for an in-

terposing exciter and provides a very

simple design vvhich has associated

with it ali the advantages of static

type equipment. This basícally

simple type of regulator has been

suecessfully applied, with slight

modification to ali types of reversing

mill auxiliaries, however, for the pur-

poses of this paper the table roll

drives have been selected as being

a typical example of the application

of magnetic amplifiers in this field,

and the detailed discussion which

follows has been restricted to this

topic.

Limitations on Table Roll Acceleration

The table roll drives can only

accelerate the metal at a rate which

is uniquely dependent upon the co-

efficient of friction between the

metal and the table rolls. The exact

value of the coefficient of friction is

difficult to determine, but taking a

somewhat conservative estimate of

0.25 then the maximum acceleration

possible without slippage is 480 ft.

per minute per second. A hot mill re-

versing from base speed forward to

base speed reverse in IM seconds

may well be accelerating the metal

at a rate of 450 ft. per minute per

second and in such cases the ques-

tion of slippage on the table rolls

due to non-uniform acceleration ma\'

become important.

As well as being a factor limiting

the maximum acceleration of the

metal, slippage is also undesirable in

so far that excessive slipping causes

unnecessary wear on the table rolls.

The Table Roll Drive Regulator

Control of table roll speed is ex-

ercised by regulation of the table roll

generator voltage. A voltage regula-

tor gain of approximately 10 pro-

duces a system with adequate accu-

racy. At first sight it might appear

that precise regulation of the table

roll speed would be desirable, and

certainly this is the necessary require-

ment if there is to be no slippage

between the table rolls and the metal.

However, it would be extiemely dif-

ficult to achieve a precise speed

match and even if this were possible

the control equipment would be both

complicated and expensive. The first

difficulty arises in determining the

precise speed of the metal entering

and leaving the mill. There will al-

ways be some extrusion effect which

will result in the metal leaving the

Fig. 1. Table roll voltage regulator and speed amplifier.
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niill at a velocity slightly in excess

of the peiipheral speed of the woik

rolls. Unless an exact draught com-

pensation adjustment is made every

time the screwdown setting is

changed, the entry speed of the table

rolls vvill be in error even presuming

that the exit speed is accurately

known. Normal rolling practice is to

set the draught compensation at some

intermediate value which will pro-

vida a satisfactory comprise for ali

passes in a particular schedule. Dur-

ing the early passes the metal is al-

most continually accelerating or dec-

elerating, very rarely running at a

constant velocity for an appreciable

period of time. In terms of regulator

performance this would mean that

the speed regulator would have to

follow a rapidly varying input signal

with no transient error. In general

it may be said that precise speed reg-

ulation would present considerable

difficulties in terms of regulator de-

sign and it is doubtful even if an

accurate speed match were obtain-

able, if this would provide any signi-

ficant advantage to the mill oper-

ator.

The voltage regulator with a gain

of 10 could be expected to result

in a system which will have a speed
droop from no load to full load which
is approximately equal to the speed
droop of the table roll motors. Under
steady-state conditions (i.e. constant

speed) the motors will only be lightly

loaded, the large torques being re-

quired only for accelerating and de-

celerating and, therefore, the droop-

ing characteristic of the motors and
their associated armature resistors is

unlikely to seriously impair the accu-
racy of the speed match on the

longer passes when the mill attains

a constant rolling speed. The basic

magnetic amplifier regulator is shown
in schematic form in Fig. 1. The
arrangement is a simple two delay
regulator comprising the magnetic
amplifier delay and the generator

field delay. Two magnetic amplifiers

are used to provide push-pull oper-
ation, thus enabling the polarity of

the generator armature voltage to be

reversed without using contactor

switching. The characteristics of the

two magnetic amplifiers are shown
in Fig. 2, which illustrates how the

combined reversible characteristic is

obtained from the two individual uni-

directional magnetic amplifiers. A
typical arrangement is shown in

block diagram form in Fig. 3. The
overall open loop transfer function

for the system is:

7

(1 + .05.S)(] + 28)

The characteristic equation can be

written down by inspection as:

—

.LS'' + 2.05S -f- 1 + 7 = O

8' + 20.5S + 80 = O

Hence the resonant frequency of

the system will be \'80 radians per

second or 1.42 cycles per second.

The damping factor will be 1.15

hence the system will be satisfactor-

ily stable, being slightly overdamped
in this case. The rise time will be

approximately 0.25 seconds which is

sufficiently fast in comparison with

1.5 seconds base speed reversal time

of the mill with which the tables

have to keep pace.

In arriving at this conclusion to

confirm the adequacy of the speed
of response it must be remembered
that for large changes in speed the

rise time will be reduced since the

magnetic amplifiers will saturate

thus placing a limit on the maximum
voltage available for forcing the gen-
erator field. In practice there is al-

ways a tendency for the acceleration

of the mill to reduce as it approaches
its maximum speed and, therefore,

the tables are not required to main-
tain a constant acceleration over

their full speed range. In practice no
difficulty was encountered on this

account even when the maximum
forcing allowable was somewhat
under 50% of the full excitation vol-

tage. In practice the table dri\'es are

required either to operate from a

signal proportional to mill speed or

from an independent master switch.

In the case of the master switch step

signals are applied to the voltage

regulator. Under these conditions it

is necessar\- to supply current limit

protection to maintain the maximum
armature currents within a safe value

and prevent the motor overloads from

Fig. 3. Table roll voltage regulator—block diagram.
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being tripped out when accelerating

or decelcM-ating. There is not thc sanie

clclinito requirement for cunent

liiiiit when operating tiom signal.s

propoitioual to inill speed as tlie

spoed tlianges involved iii this case

are limitfd to thc maximuin acceler-

ation of tlie main drive. However,
the table motors are usually selected

so that the maximiim permissible

armatiirc current is vised for acceler-

ation and deceleration and on this

account it is desirable to have cur-

rent Uniit protection to prevent the

possibihty of overload tripping dur-

ing speed changes. As more than

one motor is connected to the gen-

erator it becomes necessary to use

a selectiva type of current hmit cir-

cuit so that no matter which motor
happens to be operating at a hmiting

value of armature current it will

feed a current limit signal to the

regulator to change the generator

voltage in such a way as to reduce

the current flowing.

This selective type of current

limit circuit is shown in Fig. 1.

Current limit action will commence
as soou as the voltage across any
one armature resistor exceeds the po-
tential of the bias supply. The in-

dividual rectifiers connected to each
armature resistor prevent current cir-

culating between the circuits and
they permit only the rectifier con-

nected to the resistor with the great-

est potential drop to conduct. Cur-
rent will then flow through the series

blocking rectifier to produce the de-
sired signal in the magnetic amplifier

control winding. The purpose of the
blocking rectifier is to prevent any
current flow through the winding
due to the bias supply alone. An
additional set of rectifiers and a bias

supply is provided to give current

limit protection for either direction

of current flow through the arma-
ture circuit.

If the drive were run at full speed

and aa increasing load torque grad-

ually applied to the motor, the motor

speed would reduce slightly by virtue

of the speed droop in the motor

until the armature current increased

to a value where current limit action

starts. As the load is increased the

drive will slow down and armature

current will increase until under

stalled conditions the current will

have increased to a value which is

sufficient to produce a signal in the

magnetic amplifier winding which

almost completely counteracts the

effect of the signal in the pattern

winding. The higher the gain around

the current limit control loop the less

will be the increase in current be-

tween the value at which current

limit starts and the value at which

the drive stalls.

In practice it was found necessar>'

to introduce a rate stabilizing loop

around the magnetic amplifier in

order to obtain a gain which was
high enough to provide a sufficiently

small difference between the stall

current and the value at which cur-

rent limit started.

The tables are matched to the

speed of the mill by maintaining the

table roll generator voltage propor-

tional to the voltage generated by
a tachometer driven by the mill stand

drive motor. The simple idea of feed-

ing a pattern signal from the pilot

generator to the voltage regulator is

inadequate for practical purposes, as

tables controlled in this wa>' will al-

ways tend to lag behind the mill

speed during periods of acceleration

and deceleration. In order to over-

come this tendency of the tables to

lag behind the mill it is necessary

to feed an anticipatory signal to the

table generator voltage regulator.

This may take the form of a rate of

change of pattern signal, or a tran-

sient pulse initiated from the main

mill master speed control switch or

a combination of both. The circuit

incorporating this feature is shown in

Fig. 1. In order to avoid the com-

plication of using individual anticipa-

tion circuits on every table driv

regulator a speed amplifier has been

introduced to amplify the signal from

the mill stand tachometer generator,

and provide a common output w hich

is fed to ali regulators. The speed

amplifier comprises two push-puU

400 c/s magnetic amplifiers which

permit the incorporation of the two

rate circuits on the input side, thus

avoiding the necessity for duplicating

these circuits on ever\" individual

regulator. A separate output is taken

from the speed amplifier through a

blocking rectifier, which allows a

draught compensation signal to flow

in the table drive regulators for only

one polarity of speed amplifier out-

put. The polarit\- of the speed am-
plifier is dependent upon the direc-

tion of rotation of the main mill

drive and it is. therefore, possible to

arrange for the chaught compensa-

tion signal to effect only those tables

which are entermg metal into the

mill. Hence it is necessary to use

two blocking rectifiers connected

with opposite polarit\' such that one

rectifier serves the tables on the

entr\' side and the otlier on the de-

livery side.

Coiiclusion

Au.xiliary dri\e regulator circuits

of the type discussed in this paper

have been operating for a period of

approximateh' two years on a re-

\'ersing 2 Hl hot mill at Hamilton,

Ontário. The low maintenance rec-

ord on this particular installation has

done much to substantiate the claims

made for the advantages of this

basically simple magnetic amplifier

arrangement and the satisfactor>-

performance obtained has confirmed

the validit\- of the theoretical con-

siderations which formed the basis

of the regulator design.
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INSTRUMENTATION
IN INDUSTRY

FOUNDRIES AND STEEL MAKING

THE SURVEY of instrument usage

in Canadian foundries and steel

making industries showed a stiong

basic reliance upon the skill and ex-

perience of operators using manual
methods, but there was a stiong un-

dercurrent of interest in automatic

instrumentation evident among those

replying to the JoumaVs question-

naire. In those cases where advanced
instrumentation control systems had
been investigated and installed, it

appeared that the techniques used

—

and the results obtained — were
equal to, or in advance, of those used
in other parts of the western world.

The most commonly used systems

appeared in temperature control de-

vices, continuous casting devices,

pressure and air control devices and
in general fumace control. While
these áreas of activity are often inter-

related, the control of temperature by
automatic regulation of the fuel-air

mixture is so widespread that it ap-

pears to be considered a necessary

economic measure by most of those

replying, and therefore it commands
a separate mention in any report on
instrumentation usage in this coun-

try. Since heat is the ever-present

factor in foundries and steel making
plants, it is not surprising to find

systems ranging from simple on-off

regulators providing two or more
preset "fuel-air" mixtures to fully

integrated electronically controlled

loops which continuously monitor the

product of combustion — or the

product of the furnace, and adjust

the air-fuel mixture for most effici-

ent operation at any given time. The

most general control loop appears to

be combination electrical-mechanical

in nature, with the error signals being

transmitted to an amplifier as an elec-

trical signal, which in turn drives a

control motor activating a valve in a

pneumatic servo loop adjusting the

air supply. The great reliance placed

on hydraulic servos in the industry

at the present time seems to rest

firmly on the requirement for a robust

and trouble free mechanism which is

extremely reliable, and which is not

apt to appear too mystifying to the

average operator. While it is true that

many electronic systems are now
made to be extremely reliable, most

users appeared not too happy with

the requirement for additional links

such as relays, syncros for remote

control, etc. Since it is not practical

to drive servo-motors larger than

about V2 h.p. directly from power
amplifiers, it is axiomatic that relays

and other transfer methods must be

used, and a lot of the respondents

did not like the idea.

Instrumented continuous casting is

being successfully carried out by at

least one of the organizations report-

ing, and the results are considered to

be excellent. The instrumentation

used is not complex, and represents a

practical compromise on the prob-

lems associated with isolating and
controlling a set of very complicated

operating variables such as molten

and solid metal temperatures, molten

metal leveis, casting machine speed,

cooling water temperature and flow

rates.

Operations having to do with pres-

sure and air flow are commonly asso-

ciated with furnace control and effi-

cient production of high quality prod-

ucts with reduction in waste. A great

deal of interest was evident in the

application of tuyere control to blast

furnaces which is being used at a

number of installations on this con-

tinent. By properly regulating the

flow of air to the tuyeres surrounding

the furnace, a more uniform product

is produced, and the elimination of

hot spots caused by clogged tuyeres

and channelling results in longer fur-

nace life.

The ideal situation sought in the

industry calls for fully automatic op-

eration of the fumace cycle, including

automatic detection of hot spots by
the use of thermocouples or other

appropriate transducers, variable

charging rates to automatically elim-

inate hot spots when they occur, con-

trol of physical properties of air and
other gases used in the process by
continuous monitor, analysis and reg-

ulation of the flow, and control of

quality through continuous analysis

of output gases and automatic adjust-

ment of the various raw materiais

used to charge the furnace.

Common Problenis in Automation

Some of the more serious difficul-

ties encountered in realizing these

goals have been problems associated

with accurate analysis of furnace

gases, the need for better tempera-

ture transducers and mounting racks.

and the need for a wider range of

rugged, reliable servo loop compon-
ents which can stand the abuse of
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lonu; lilr iii a hot, diisty, gaseous en-

\ irmmuMit.

Man\ icspondents indicated that

they were unable to obtaiii a range

of standard control components in

this conntr\ , w ith tlie rcsnlt tliat a

\ery large part oí tho instnimenta-

tioií for antoniatic or semi-automatic
control is imported, or nierely assem-
bled in Canada. Most of those who
mentioned tlie quality of the con-

trol engineering services offered by
Canadian firnis, however, were well

pleased with tlie quality of these serv-

ices.

The>^ did, however, mention the

usual problem of not being able to

interest many qualified designers and
manufacturers in the limited volume
of work available. In many cases,

the dollar value of the job is so small

that it cannot support developnient
costs, and the only alternative is to

turn to imported goods and services.

While not a direct subject of the

JournaVs survey, it is interesting to

note in the trade magazines the in-

creasing mention of automation activ-

ities in foundries and steel making
in the Soviet Union. Apparently it

has been appreciated that their only
hope of attaining the high rates of

production programmed under their

\arious plans is to make an ali out
effort to advance automation tech-

nology and many of their recent in-

stallations require very little human
attention.

Power and Steam

None of the respondents develop
electrical power for their own plant,

but 73% of them check consump-
tion of piuchased power with their

own instruments. Steam plants are

used for heating only, and most of

the larger companies run a fairly

small steam plant for this purpose.

Uses of Instrument

The most commonly used instru-

ments were those designed to measure
and regulate temperature in various

parts of the production process. As
might be expected, such temperature
instruments cover a wide range, but
the most general types are used for

the measurement of molten metal,

and are of the pyrometer or thermo-
couple type. A large number of re-

cording instruments are used, especi-

ally in those cases where instrumenta-
tion has advanced to the stage where
there has been a sizeable reduction
in the labour force. The recorded
parameters are generally used to pro-

vida information for manual correc-

tion of processes, or as an aid in

laboratory analysis of operating con-

ílitions. There were a few reports

of self regulating servomechanism
loops, mainly to control such things

as pouring rates of pouring ladles,

air-fuel mi.xtures — especially on oil

fired furnaces — and in raw material

fabrication processes. One firm holds

slab heat for a planetary rolling mill

between closely controlled limits by
use of instrumentation, and the same
plant has a fairly elaborate system of

warning and safety devices designed

to minimizi- danger to the equipment
and to operating personnel.

The most commonly quoted pur-

pose for instrument installations was
to achieve better quality. The next

most important purpose was to pro-

vide a continuous record of opera-

tions, while less important purposes

were to provide supervisory or warn-
ing signals, to reduce skill require-

ments in the labour force, and to

regulate pressure or flow. Economy
in fuel consumption was another im-

portant purpose of instrument instal-

lations.

Who Determines Instrument
Requirements?

In ali of the companies responding
to the Engineering JournaVs question-

naire, company employees are primar-

ily responsible for determining the

company's instrument requirements.

However, approximately 25% of the

companies also used the services of

manufacturers of instruments, and in

the case of one of the smaller ones,

this was the only instrument engin-

eering service used. One or two re-

spondents indicated that they also

rely on independent consultants for

the determination of their company 's

requirements.

Purchasing

This industry was less unanimous
than others canvassed in the specifi-

cation and recommendation of instru-

ments to be purchased by the engin-

eering department. While engineering

departments still have the greatest

say in the brands and types required,

there were a number of firms which

place this responsibility with the pro-

duction department. They felt that

the persons who use the equipment

should have most to say in its pro-

curement—provided, of course, that

engineering performance specifíca-

tions are met.

This questionnaire result requires

careful interpretation however, since

85í? of the respondents represented

small firms with total investment less

than $5,000,000.00 The larger firms

show the standard pattern whereby
instruments are completely specified

by the engineering department, and
are purchased under their direct sup-

ervision by a purchasing department
which exercises little control other

than to obtain the instruments at the

most advantageous price.

Servicíng

A wide range of ser\ icing schemes
were used, with about equal favour

shown to ser\ucing by coil.pany em-
ployees and the purchaso -^f a service

contract from the sui^^^lie One re-

spondent contracts for ali his service

requirements from an independent
serviceman, and in two other case-

the service requirements are pur-

chased as required without benefit of

contractual arrangements.

Preventative Maintenance

Ali but one of the firms rephing
to the questionnaire indicated that

they operate a preventative mainten-

ance scheme for their instruments.

This is the most unanimous result

obtained on this question to date.

and seems to indicate that the foun-

dry and steel making industr>- regard

preventative maintenance progranis

as good business procedure. One of

the reasons for such thinking is evi-

dent in the repeated reference to

the continuous nature of most of the

processes, and in the high cost of

faihires wlien they occiu\ \\'hile not

directh stated, there was a fair

amount of reference to the fact that

man\' of the operating personnel re-

gard highl\- instrumented sxstems as

something of a mystery. Therefore.

the\ are reluctant to delve into e\en

the most simple failures, and instru-

ments which operate without scr\icc

failines build up confidence and op-

erator moral. These factors ali add
up to an almost unanimous decision

that pre\entati\e maintenance pro-

grams are a desirable thing, and w ell

u orth the mone\ the\ cost.

Spare Parts Polie>'

Most companies in this industrial

group—90% of those responding —
keep a stock of spare parts built up
through operating experience. Onl\

one of those rephing utilized the

recommended spare parts list issued

hy the nianufactiner, and this was

not used exclusi\el\'—it was com-
bined with the practice of niaintain-

ing spare parts built up from "expei -

ience lists". Only one of the re.spond-

ents—one of tho larger firms in the

countr\'—kept a limited stock of com-
plete replacement units.

There was very little general intei

est in instruments incorporating op
tional plug-in features—in fact onb



one firm indicated that they weie

paiticulaily suited to their needs.

However, it is significant that this

firm is one of the most highly auto-

mated in the countiy, and their ex-

penditures on instrumentation was
considerably higher than any of the

others reported. Plug-in features are

especially appreciated in electronic

servomechanism systems where povver

supphes, amplifiers, and adapters may
be easily .replaced with serviceable

units vvhp') trouble occurs. This con-

siderably improves the maintenance

problem,
,
^pecially where non-tecli-

nical operators. are concerned. The
modification of performance charac-

teristics by the use of various adapt-

ers is an important seconchiry advan-

tage of plug-in units, and is especially

helpful vvhen there is a large amount
of automatic equipment instailed in

a plant. To obtain optimum advan-

tage, however, it is necessary to de-

sign along certain basic lines, or the

advantages of interchangeability of

amplifiers, power supplies, etc. will

be lost.

What Type of Instruments are Supplíed?

The JournaUs questionnaire has

observed a common denominator on

this point — practically ali users

want standard lines of instruments

which they can adapt directly to their

use, preferably without modification.

While this is a very understandable

objective, especially when one ob-

serves the cost of designing to speci-

fication, it may not yi^ld the best

results in ali cases, and there is

probably a field of activity here for

a lovv-overhead instrument service

which can supply tailor-made systems

at prices not too far above those of

standard lines. The resuiting im-

proved performance must outweigh

the advantage of simplified servicing

implied in the preference for stand-

ard products.

Statistícs on Instrument Costs

Ali but one of the respondents

purchases instruments outright, and

in that ca,se 2% of instrument require-

ments are rented as required. Capital

investment in instruments varied

widely and ranged from $5,000.00

to over $500,000.00. The majority

of those reporting were smaller firms,

and only two were in the "over

$500,000.00" category for capital in-

vestment in instrumentation.

Most respondents indicated their

annual maintenance costs for instru-

ments to be in the $3000.00-$5000.00

range. One firm spends approximate-

ly $75,000.00 per year nn mainten-

ance and there were two in the $30,-

000.00-$40,000.00 per year range.

The general trend in this industry

appears to be to seek rapid recovery

of money invested in new instrument

installations, and in most of the cases

reporting it was stated that recovery

of capital cost must be accomplished.

RIVER ENGINEERING (Continued from page 88)

definitely, finnly convinced their con-

sequences are inexplicable accidents

that will not recur. If he does happen
to feel he needs advice he is more
likely to ask it from a mathematician
than from a geologist. Yet his basic

trouble is that he has never had to

think about the relatively slow and
complex processes of nature such as

concern geologists, agriculturists, gen-

eticists, bacteriologists and a host of

other scientists whose work gives

them the time-sense he lacks.

College instruction

Fitting instruction into a college

program is an administrative prob-

lem differing among universities and
countries. In countries whose schools

provide a standard of English, mathe-
matics and physics that does not need
to be supplemented in the colleges,

the introduction of a couple of new
courses at undergraduate levei prob-

ably poses no problem. The writer is

of the opinion that, however river

engineering is introduced, it should

be accompanied by a separate course

in geomorphology to ensure (if noth-

ing else) that the engineer acquires a

timse-sense appropriate to phenomena
he will encounter in dealing with

natural channels and with various im-

portant field problems of soil mechan-

ics. Further, he prefers it to be taught

according to the system of Ref. 1

which does not rely on assumptions to

which rigid-boundary hydraulics is

applied but, instead, depends on dy-

namically satisfactory equations de-

rived by observing actual channel

self-adjustment in the field; that is,

he prefers the approach of classic

physics, via observations of facts, their

correlation, and then the explanation

and use of equations expressing the

correlations.

At the University of Alberta ten

years ago the elements of river en-

gineering were taught in the under-

graduate irrigation engineering course

that dealt with project design (and

not application of water in the fields).

Now river engineering, considered as

basic and applied mobile boundary
hydraulics, is a post-graduate course

for students majoring in hydraulics,

but is taken by a fair number of soil

mechanics graduates. The non-mathe-

matical type of hydraulics student

takes geomorphology in addition, and
the mathematical type is advised to

take it if he intends to become a prac-

tising river engineer. Advanced math-

ematics is not needed for river en-

gineering except, of course, to the

extent that it can be used by ali stu-

dents of science to improve their

ability to think preciseh'.
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Canadian Developments
NEWS OF MAJOR ENGINEERING DEVELOPMENTS IN CANADA

Industrial Advances
C-I-L Developments

The new $2 inillion ammonia oxida-

tion unit for the production of nitric

acid at the explosives works of Cana-

dian Industries Limited at Beloeil,

Quebec, contains advanced features in

its control niechanisms and in its

means of utilizing heat and waste

gases given off in the reaction. A tur-

bine driven by waste gases provides

part of the power for the air com-
pressor. The new unit went on stream

late in 1958, designed for C-I-L by
Chemical Construction Company.

In the process, filtered air is com-
pressed to about 100 Ibs. per sq. in.

in a two-stage compressor. The air

is mixed with vapoinized ammonia

Dominion Tar continuous tar distillatíon

plant, Hamilton.

Converters contaíning a vanadium catalyst

at the explosives works, Beloeil, Que.

and the mixture is passed through a

platinum gauze catalyst. The hot

gases resulting — mainly nitric oxide

at about 900 degrees C. — flow

through a series of heat exchangers

and are further cooled and partly con-

densed in a cooler condenser.

The gases are fed in at the bottom

of the absorption tower, where the\'

are met by a flow of air that oxidizes

the nitric oxide to dioxide. Water is

fed in at the top. The interior of the

tower contains a number of trays

through which the nitric dioxide

passes to become absorbed by the

water to form acid. The concentra-

tion of the acid increases as it des-

cends from one levei to the next until,

at the bottom, it is drawn off at 60
per cent strength.

Waste gases, which are not ab-

sorbed, are heated and piped back
to drive a turbine which provides a

portion of the power required hy the

air compressor.

Concentrated nitric acid is pro-

duced by dehydrating the 60 per cent

acid with concentrated sulphuric acid

and vaporizing the nitric acid from
the mixture. The nitric vapor is con-

densed to produce an acid of al)out

98 per cent strength.

At Beloeil, also, a new million dol-

lar sulphm ic acid plant went into pro-

are part of C-I-L's sulphuric acid plant

duction in 1958. Designed and
constructed b>- Chemiebau Canada
Limited, the outdoor-type plant

manufactures acid from sulphiu* b\

means of the contact process.

Hamilton Tar Plant

The new plant of the Coal Tar

Products Division of Dominion Tar

and Chemical Company Limited, at

Hamilton, is the first continuous tar

distilling plant in Canada. The plant

receives coal tar, a by-product of the

coking operation in steel plants. and

produces distillates and coal tar pit-

ches.

In this new operation. crude tar

containing one to three per cent water

is heated in the convection section

of an oil fired tube heater and again

in a tiimming heat exchanger to

200°C and fed to a twelve plato

deh\ drating column. where water and

light ends in the benzene, toluene.

x\lene range are removed as o\er-

head. The water is decanted to w aste

treatment and the light oil puniped to

storage.

The dr\ tar from the bottom of

the deh\drating colinnn ís pumped
back through the radiant section ot

the tube heater and flashed into the

bottom of a 27 plate fractionation

tower. The o\"erhead from this towoi



is in the solvent naphtha range and
contains the tar acids and cume-
rone-indene resins. Tvvo side draws
are taken, one containing 70-75%

naphthalene and the second, oils boil-

ing in the creosote range. Heat is

recovered from the creosote fraction

by exchange with the feed tar.

The column operates at 50 mm of

mercury with vacuum provided by
a two stage steam ejector. The melt-

ing point of the pitch residue in the

bottom of the cohmm is controlled

by the temperature of the feed tar

and the creosote dravv-off. The pro-

ducts are pumped to storage.

The first section of the plant went
into ODeration in Octoher, 1958, with
formal openiiig in May 1959. Engi-

neering and construction were by
Canadian Badger Company Limited.

Asbestos-Cement Pipe Plant

Quebec's first plant for the manu-
facture of asbestos-cement pipe was
officially opened in May, at Mont-
treal East, Que.

Automatic control plays an im-

portant role in the manufacture of

asbestos-cement pipe here. Selected

types and grades of asbestos fibre

are automatically weighed, blended
and dispensed into a fiberizer de-

signed for treating asbestos fibre.

Simultaneously, portland cement and
sílica are weighed and blended. Ali

three components through electronic

controls merge into a common blender.

The dry mixed ingredients then flow

to the wet conveyor where water is

introduced, thence into the stock in

the form of a slurry of uniform con-

sistency.

Slurry feed is closely controlled

from the stock chest to the pipe ma-
chine vat where it is picked up by
the cylinder and transferred to the

felt in the form of lamina.

Heavy steel mandrels of the correct

diameter are automatically fed into

the machine to receive the build-up
of laminations under pressure. Lam-
ination thickness and pressures are

closely controlled to provide an end
product which is uniform in structure.

A feature of this machine is calendar-

ing of the wet pipe.

After an initial set in the pre-cur-

ing oven, the mandrel is extracted

revealing a rigid asbestos-cement pipe.

Additional curing is achieved in the

final pass of the pipe through the

oven to the take off point.

From the pipe making machine the

pipe is laid in specially designed
bogies and placed in one of three

autoclaves where it is subjected to

an atmosphere of live, high-pressure

steam.

Two Ontário Developments

Plate and Stntctural Steel Limited,

have acquired a new plant, as a step

in a planned program of expansion.

DuPont of Canada Limited have
begun production of polyethylene

film at its new extrusion plant at

Whitby, Ont.

Dominion Foundries Expansion

Dominion Foundries and Steel

Limited, Hamilton, Ontário, will in-

stall a third Oxyton plant with ca-

pacity of 150 tons of oxygen per day.

The company first started operation

of the oxygen steel making process in

1954. It now has three 60-ton capacity

furnaces, employed on a rotation basis.

The current $Í5 to $20 million ex-

pansion program will increase ingot

ton potential from 750,000 to one
million tons annually by the fali of

1959. Hot rolling and cold rolling

facilities are also being enlarged.

Union Carbide Polyethylene Expansion

The third major expansion of poly-

ethylene production at Montreal East

is announced by Carbide Chemicals
Company, Division of Union Carbide

Canada Limited. With the new facili-

ties the plant will have an annual

polyethylene capacity of over 65 mil-

lion pounds. Construction has com-
menced and completion is scheduled

for early 1960. The second expansion

phase has just been completed.

Iron and Steel Smelter in B.C.

Consolidated Mining and Smelting

Company of Canada Limited, an-

nounced in April that construction

will start immediately on Western
Canada's first iron and steel smelter

at Kimberley, B.C. The smelter will

be the first stage in an integrated iron

and steel operation costing in excess

of $20 million.

It will produce pig-iron, steel ingots

and rolled steel products. Its capacity

will be more than 100,000 tons of

steel per year. It will employ over

200 men.
The first stage will be sintering and

furnace-feed facilities for a capacity

of 100,000 tons of steel per year and
one electric furnace of capacity of

36,500 tons of pig-iron per year, with

production scheduled for early 1961.

A second larger furnace and oxygen
blown con\'erters for the production

of steel ingots together w ith fabricat-

ing facilities will follow in the near

future.

The Company 's reserves of iron

tailings from the Sullivan Mine at

Kimberley now amount to 15,000,000
tons of recoverable iron. This raw
material will be available to the new
project in the form of a high-grade

iron oxide containing over 60 per cent

iron. These iron reserves, the com-
pany's power resources on the Koot-

enay and the Pend-d'Orcille river, the

proximity of coal, coke and limestone

in the Crowsnest Pass Area, constitute

a unique combination of the materiais

needed for electrothermic production

of iron and steel.

The Consolidated Mining and
Smelting Company announced in

March it will build a $5 million plant

at Calgary to produce urea, a chemi-

cal which has fertilizer, animal feed

and industrial uses. Completion is

scheduled for mid-1960.

B.A. Oil Expansion

British American oil will expand
the capacity of its Nevis, Alberta gas

conservation plant from 15 to 25
million cubic feet of raw gas daily.

The plant will process the B-A and
Imperial Oil share of production from
the nearby Nevis wet gas field.

The expansion will include inlet

facilities, amine gas treater, amine
liquid treater, refrigeration units,

liquid treating and fractionation units,

sulphur recovery and boiler plants.

Contracts have been awarded to

Poole-Pritchard for construction of the

sulphur and boiler facilities, and to

Brown and Roote for construction of

the hydro-carbon facilities. The ex-

pansion is scheduled for completion
this fali.

Partnership in Technology

Canadian Vickers Limited, Mont-
real, have come to agreement with

an American company, to fabricate

in Montreal, and deliver throughout

Canada, materiais developed by
Knapp Mills Incorporated, New York
City.

Vickers will also produce diverse

chemical processing equipment, for

use where highly corrosive liquors or

cheniicals must be contained or \\ here

radioactive corrosives must be pro-

cessed and shielded.

Canadian Engineers in Pakístan

The Warsak hydro-electric power
project in Pakistan, located on the

Kabul River, consists of four hydro-

electric generating units, each with

a capacity of 55,000 horsepower.

It will supply energy to a 45,000
square mile region, and will irrigate

100,000 acres of territor\

.

H. G. Acres, considting engineers

of Niagara Falis, Ont., are doing the

engineering. Construction started in

the fali of 1955, and now emplovs
156 Canadians and 10,400 Pakis-

tani. Canadas contribution to the

project under the Colombo Plan is

reported to be S36 million.
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Her Majesty

QUEEN ELIZABETH II

and

PRESIDENT EISENHOWER

perform the opening ceremony for

THE ST. LAWRENCE
SEAWAY
JUNE 26, 1959

Photos hij courtesij Canadian National Raihvaijs
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The Seaway. First Month of Operation

During May, 1959, the first com-
plete month of operation of the St.

Lawrence Seaway, 2,243,450 tons of

cargo were carried through the St.

Lawrence River canais, according to

a preliminary statement of toll traffic

issued by the Canadian and United
States Seaway authorities. Thís vol-

ume of cargo was being transported

by 980 vessels, the aggregate gross

registered tonnage of which was
2,898,800. As compared with May
1958, when the 14-foot canais were
in operation, the increase in cargo

was 741,360 tons, or 49 per cent.

Listed in the first table are the

cargo statistics for the month of May
and cumulative from the opening of

navigation:

During April this year, traffic on
the Welland Canal was well below
normal due to the later opening, and
the persistence for some weeks of ice

ST. LAWRENCE SEAWAY-

May, 1959

-MONTREAL TO AND
(tons, 2000 Ibs.)

C.X.R. Photo

FROM LAKE ONTÁRIO

Bulk cargo. . .

General cargo.

Total cargo

May, 1958

Total cargo
Increase %
Navigation Season—
April and May, 1959

Bulk cargo
General cargo

Total cargo

April and May, 1958

Total cargo
Increase %

Upbound Downbound Total

700,500
84,700

1,300,950
157,300

2,001,450
242.000

785,200 1,458,250 2,243,450

457,593
71.5

1,044,497
39.6

1,502,090
49.3

812,006
124,856

1,507,950
231,900

2,319,956
356,756

936,862 1,739,850 2,676,712

615,017
52.3

1,479,658
17.6

2,094,675
27.8

WELLAND CANAL
(tons, 2,000 Ibs.)

May, 1959

Bulk cargo. . .

General cargo.

Total cargo

May, 1953

Total cargo
Increase %
Navigation Season—
April and May, 1959

Bulk cargo
General cargo

Total cargo

April and May, 1958

Total cargo
Increase %

Upbound

636,100
45,150

681,250

Downbound

2,255,300
160,100

2,415,400

Total

2,891,400
205,250

3,096,650

528,325
28.9

2,212,640
9.2

2,740,965
13

859,052
70,713

3,045,800
250,750

3,904,852
321,463

929,765 3,296,550 4,226,315

776,151
19.8

3,336,516
—1.2

4,112,667
2.8

in the upper lakes. This situation has

had an unfavourable influence on the

comparison of the cumulative figures

for 1959, as compared with those for

the previous year.

To the end of May this year, 1370

vessels had entered the canal, gross

registered tonnage being 5,740,305.

The cumulative figures reflect the

later opening of navigation in 1959.

To the end of May this year, 1173

vessels, having gross registered ton-

nage of 3,449,325, had entered the

new Seaway canais.

Welland Canal

Cargo tonnage for the Welland
Canal for Ma>', 1959, was 3,096,650,

exceeding that of the corresponding

month last year by 355,685 tons, or

13%. The number of vessels which
entered the canal was 1022, of 4,-

102,000 gross registered tons.

The cargo figures for the month of

May, are listed in the second table,

with cumulati\'e figures from the

opening of navigation.
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Univcrsity News

Viiircrsilij of Brilish Coluiuhia

Piot. Da\ icl M. Nh ers, lu>ad of the

departmeiit of clectrical engineeiing at

the University of Sydney, Austrália,

has been appointed dean of the faculty

of applied science of the University

of British Cohimbia.

Prof. M>ers will take up his duties

on Jamiary 1, 1960. He succeeds Dr.

Henry C. Gunning, who is now a

eonsulting geologist for the Anglo-

American Corporation in Africa.

Prof. Myers is a native of Aus-

trália, and a graduate in engineering

from University of Sydney. In 1938

he was awarded the degree of doctor

of science in engineering for con-

tributions to the science of comput-

ing. Meanwhile he had done post-

graduate work in Manchester, Eng-

land, and at Oxford University. From
1939 until 1949 he worked with

the Austialian National Standards

laboratory, in the electrotechnology

division of the Council for Scientific

and Industrial Research. He joined

the University of Sydney in 1949. He
was president of the Australian In-

stitutíon of engineers in 1958.

Carleton University

Dr. D. F. Coates, m.e.i.c, director

of the School of Engineering, Carleton

University, went into industry in June.

His successor at the Universitv is

Dr. Ruptash, B. Eng., M.S., Pli.D.

from Rensselaer Polytechnical Insti-

tute, Troy, N.Y.

Dr. Ruptash is originally from

Alberta, a graduate of the University

of Alberta. He obtained masters and
doctorate degrees at the University of

Toronto in aeronautical engineering.

He taught at the University of

Wichita before going to Rensselaer.

This September the University is

to move to the new campus on the

Rideau River, where the third year of

the engineering course will be offered

for the first time.

University of Alberta

A degree course in mechanical en-

gineering is to be offered by the Uni-

versity of Alberta. The first class will

graduate in 1960. Dr. George Ford,

M.E.I.C, graduate of Alberta, will

head the new department. Dr. Ford
received a Ph.D. degree in mechan-
ical engineering at Stanford univer-

sity in 1948, specializing in the field

of applied mechanics; he joined the

staff of the university in 1942. Two
years ago he was named professor of

applied mechanics.

The decision to establish a depart-

ment was made after an exhaustive

study to determine the need for such

a new course and of modern trends

of university curricula in this field.

The work of the new department
will be centred around two major

áreas of specialization, applied mech-
anics and the basic science of thermo-

dynamics; heat transfer theory, fluid

mechanics and the applications of

these to the design of mechanical
equipment, will be included in the

thermodynamics area, while statics

and dynamics, vibrations, advanced
strength of materiais, elasticity and
application of these basic sciences to

machine design problems will be
included in the applied mechanics
field.

Other staff members will include

D. Panar and D. W. Sadler and W.
Johnson and C. M. Rodkiewicz, Dr.

J. Duby and J. S. Kennedy. Students

will be admitted to the course at the

beginning of their third year. The first

such group was accepted in Septem-

ber 1958.

McMaster University

The University begins a new phase

this fali with the opening of the new
engineering building. Construction of

the building was completed in early

May and represents the largest single

project in the university's §13 million

expansion program. Degree courses in

engineering were first offered at Mc-
Master two \ ears ago when enrolment

was restricted to 50 students per

year. The new building is designed to

handle a first->ear enrolment of 170

students and a total student body of

550 in ali years of engineering. Four-

year degree courses are offered in

chemical, electrical, mechanical and

metallurgical engineering and in en-

gineering physics. Civil engineering

will be added this fali.

Highway Developments
Standards for Traffic Control Devices

The Joint Committee on Uniform
Traffic Control Devices for Canada,
meeting in Ottawa early in May,
agreed on more than 200 sign stan-

dards, as well as standard signals and
procedure. These standards will be
published in a manual by Canadian
Good Roads Association this year

and implementation by governments

is expected to follow. Standardization

from coast to coast has obvious ad-

vantages.

Two features stressed are: \isual

impact of signs, and extensi\'e use of

graphic symbols. Sign wordage is

greatly reduced. Striking examples

are those signs prohibiting turns —
black arrows enclosed in green circles,

pointing out the direction in which
traffic may proceed. \\'ritten messages
will be included in the signs only until

drivers have had a chance to become
familiar with them. The signs are

larger than those now in use and con-

sidered more striking because of the

anow symbols. There is a symbolic.

five sided school house sign. The
Trans-Canada Highwa>- will be
marked with a white maple leaf on

a green background. There is also a

civil defence route marker.

The manual reconimends standard-

ization of ali traffic signs aceording to

size, shape. colour, dimensions, sym-
bols, wording and lettering. The new
signs will have dimensions that have

multiples of six. They are classified

aceording to functions they fill: regu-

lator\' signs, warning signs and guide

signs.

The manual contains the first na-

tional code for the design and use of

traffic signs. signals and pavement
markings ever proposed in Canada.
The committee, established hy
C.G.R.A. in co-operation with the

Institute of Traffic Engineers was
supported hy the teu provincial gov-

ernments. ele\ en municipalities. agen-

cies of the federal govemment and

several national associations. Xinety-

seven traffic men worked for three

and a half > ears on the standards.

Alberta Highway Program

The pro\ ince of Alberta has \ oted

$32.5 million dollars for main high-

way construction. S3 million to com-

plete the Trans-Canada Highwa\ and

84 million to commence re-constnic-

tion of die Mackenzie Highway.

Federal goxernment co-operation in

the last two items is exi')ected.

One of the major projects being

undertaken in this \ear s program is

the continuation of the divided foiír

lane highwa\- south of Nisku. The
di\ided four lane highwa>- completed

last \ear between Airdrie and south

of Red Deev is considered one of the

most modern highways on the con-

tinent.

(Canadian Developments are Continiied on Pat^e 139
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INTERNATIONAL NEWS

CZECHOSLOVAKIA
THE INTERNATIONAL TRADE
FAIR to be held at Bino, September

5 to 20, 1959 will have engineering

exhibits from thirty countries. Maiiy

firins whose names are well Known
internationally will be representecl,

while other exhibits will be collective

or national efforts.

Czechoslovakia's engineering in-

dustry has become the foremost of its

industries, having developed most
quickly since 1945.

Some noteworthy anniversaries be-

ing celebrated this year are: 100

years of the SKODA trade-mark; the

145th anniversary of the first Brno
Engineering Works; seventieth anni-

versary of the engineering works at

Kralovo Pole.

ITALY-FRANCE
THE MONT BLANC TUNNEL has

been under construction since last

autumn, and is to be finished in 1961.

To a point 8,200 feet below the

summit of Mont Blanc, the tunnel

will be driven four miles from En-
treves in Italy and three miles from
Chamonix in France. Tunnelling,

starting at 4,631 ft. above sea levei

at Entreves, will fali steadily at a

gradient of 0.25 per cent; from 4,179

ft. at Chamonix it will rise at 2.4

per cent; the two gradients will meet
at 4,583 ft., near the centre of the

mountain.

Last April, the face was advancing

at about 13 ft. a day from the Italian

side. Drills are operated from a three-

storey jumbo.

The excavated section will be 861

sq. ft., and the finished section will

be 775 sq. ft. The road surface will

be reinforced concrete, with wiclth of

23 ft., built 11 ft. above the invert

of the driven tunnel. On both sides

of the road there will be a pavement
27y2 in. wide and 8 in. above the ro.id

levei.

Other facilities will be 16-ft. long

lay-bys at every thousand feet, man-
size "escapes" at 330 ft. intervals,

telephone links with tunnel entrances,

international road signs, illumination

controlled by photo-electric cells,

good ventilation.

Two pipelines under the road will

carry new telephone and telegraphic

links between Italy and France.

At completion in 1961, the Italian

and French companies responsible

for the project will form one company
of equal holdings to handle the ad-

mini.stration of the tunnel for 70
years. Then it will become the joint

property of France and Italy. The
total co.st for the project is £11.7
million.

The 7-mile route will cut the Paris-

Turin and Paris-Milan routes by 137

and 194 miles respectively. It is ex-

pected to become a major industrial

and a popular tourist route between
Northern Europe and the Mediter-

ranean.

Tolls will be levied on each ve-

hicle. Estimated annual traffic is

264,000 cars, 24,000 coaches, 49,000

motor bicycles and 15,000 trucks, to-

gether carrying 1,500,000 passengers

and 75,000 tons of freight.

Abstracted from Engineer-

ing, April 17, 1959

USSR
ATOMIC ELECTRIC POWER,
G. V. Yermakov, Chief Engineer of

the Atomic Power Administration of

the USSR Ministry of Electric Power
Station Construction, in an interview

with a Moscow correspondent said

that the first section of the second

atomic, electric power plant in the

Soviet Union began operation in Sep-

tember 1958. The first section has a

A 1000-TON "PORTABLE ISLAND" on a tow-voyage across the Atlantic -jÊ 5

from the marine facilities of R. G. Letourneau, Inc., Vicksburg, Miss.,
j f

U.S.A., travelled through 75-foot seas at times. It was installed by the
j p

ItaHan company SAIPEM off the coast of Gela, Sicily, in the Mediter- í

ranean, and is used to drill for off shore oil. The triangular hull measures
j

-
í

120 ft. by 115 ft. with a depth of 15 ft. The island can raise itself above í
"|'-

the water.
f

* H
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cai)acit\' of 100,000 kw. and the sta-

úons total capacity will be 600,000

kw.

The third atomic electric power
plant is going up in the Urais. It is

based on the idea of producing super-

heated steam by the reactor itself.

The uraníum-graphite reactor here

has two groups of working channels.

The super-heated steam goes to the

turbine straight from the reactor. And
the efficiency of the installation

reaches 37 per cent.

The designed capacity of the fourth

atomic electric power plant which is

going up in Voronezh region is 420,-

000 kw. It will have two double-

water circuit reactors. These reactors

will use ordinary water at a pressure

of 100 atm. as a neutron moderator

rather than graphite.

The fifth atomic plant, of a similar

type, will be erected in Leníngrad

region. In addition, fast neutron reac-

tors are being designed in the Soviet

Union, with the coefficient of fuel

reproduction exceeding 1. A 50,000-

kw plant of this type will be built

on the Volga.

In the construction of atomic

power plants great attention is paid

to biological protection which ab-

sorbs the harmful radiation. The site is

selected on ground containing thick

layers of waterproof clay. Such condi-

tions prevent radio-active substances

from the underground installations

from polluting local water streams.

The sites are fenced off from resi-

dential sections and industrial enter-

prises by a sanitary protective zone

which is an additional guarantee of

safety for the population. The walls,

floor, and ceiling of the main hall of

atomic stations are made of solid con-

crete up to three metres (10 feet) in

thickness. Simultaneously with the

concrete work, large, metal biological

protection structures—steel doors and
iron protective slab-plates — are in-

stalled.

JAPAN
TOKYOS NEW TV TOWER is

1,092 feet high. This new landmark

was completed at Shiba Park in 1958

for the Japan Television Tower Com-
pany, at a cost of $7.5 million. It is

topped by a 246-foot television an-

tenna.

Because Japan is subject to fre-

quent earthquakes and typhoons, the

tower's stability under these hazards

was planned by Dr. Tachu Naito,

professor emeritus of Tokyo's Waseda
University School of Technology.

Its primary purpose is to act as a

platform for multi-service antenna for

transmission of electric waves in a

variety of frequencies. As many as

six TV stations and 58 radio stations

are to make use of the antenna unit.

In addition police and fire depart-

ments and newspapers are expected

to use the tower for radio Communi-
cations.

ATOMIC ELECTRIC POWER
GENERATING PROGRAM will be
launched under a dual system in-

volving British and American reac-

tors.

The Japan Atomic Power Co. will

buy an improved British Calder Hall

type of reactor of 150,000 kilowatt

capacity.

A 10,000-kw. test power reactor

has been ordered from the General

Electric Company for installation at

Tomai-mura, in Ibaraki Prefecture,

the Japanese Atomic Energy Research

Institute has announced.

Work was to start on the reactor

in April. It will cost about $8.6 mil-

lion, and will be fueled by enriched

uranium to be imported from the

United States.

THE NETHERLANDS
COOPERATION IN MANUFAC-
TURE OF PLASTICS is planned by
Dutch and British interests. What is

being considered is the joint founda-

tion in the Netherlands of an enter-

prise for the manufacture of urea

formaldehyde moulding powders,

melamine formaldehyde moulding

powders, urea resins and melamine
resins.

COLOUR TELEVISION apparatus

for medicai purposes is being sup-

plied by N. V. Philips' Gloeilampen-

fabrieken to the pharmaceutical firm

of Smith, Kline and French, Phila-

delphia, U.S. A. The installation con-

sists of a combination of three tele-

vision projectors each of which re-

produces on the screen one of the

basic colours red, green and blue.

The projection of these three colours

over each other results in a perfectly

accurate colour picture it is said.

THE LEADING HOISTING GEAR
and conveyor factory of the country,

N. V. Machinefabriek Hensen, is to

build a new engineering works.

The maniifacturing program now
comprises the construction of various

types of hoisting gear and conveyor

plants such as cranes for shipbuild-

ing yards, luffing cranes for harbours

and various other types of crane,

longitudinal and transverse slipways,

sluices and barrages with the appur-

tenant mechanical and electrical op-

erating machinery, and passenger and
goods lifts.

THE METAL INDUSTRY has suc-

ceeded in the last five years in in-

creasing its production-apparatus reg-

ularly. About thirty percent of the

Dutch labour force now works in

this branch of industry and the same
percentage applies to the part the

industry plays in the total Dutch in-

dustrial production.

UNITED STATES
DIRECT CONVERSION of nuclear

reactor energy into electric power
was reported on April 7, 1959, by
The University of Michigan and Los
Alamos (N.M.) Scientific Laboratory.

Robert W. Pidd, professor of

physics at The University of Michi-

gan, said the process would cut by
perhaps one-half the present cost of

building power reactors. It would also

tremendously reduce fuel deadweight

loads now necessary to propel a

rocket into space and enable satel-

lites to have a small but comparative-

ly powerful and long lasting source

of electricity with which to telemeter

data back to earth. The process would
also have great significance in sub-

marine propulsion.

Electric power is obtained from a

nuclear reactor containing a uranium

carbide source surrounded by a plas-

ma or electrified gas made from

cesium. \Mien the reactor is turned

on, atomic fission causes the uranium

to have such an energ\- release that

it turns white hot. At this temperature

a large electric current is produced

and is then transmitted by the gas

to a collector from which it can be

put into use. The technique is called

a plasma thermocouple. It eliminates

virtually ali but the nuclear reactor

in the production of electric power

from fission. Boilers, turbines, gas

condensers and d\"namos will not be

necessar\ . But it will be some time

before a commercial reactor could

be constructed.

The simple device consists of: the

source of power. a rod about ^i-in. in

diameter and ^4-in. long, coni^aining

uranium carbide; this is suspended

in the centre of the small cell and

surrounded by cesium gas. Whcn tlie

assembb' is lowered into the core of

a reactor, the neutron flux activates

uranium fission heating in the centre

of the can, while the flow of reactor

coolant around the outside of tho

can drops the temperature of tho

cesium plasma. The essential require-

ments of a thermocouple thus aro

met, and electricitv" is produced.
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Month to Month

THE SEVENTY-THIRD

ANNUAL GENERAL MEETING

THE TORONTO BRANCH was
host for the seventy-third annual

meeting of The Engineering Institute

of Canada, June 8-9-10. Members,
their wives, and guests of the Insti-

tute in the Queen City found nothing

lacking in the hospitality extended

by the Branch chairman, Professor

A. C. Davidson, and Toronto officers

and members.
The amenities of the improved

Royai York Hotel, with its attractive

new public rooms named and decor-

ated after the Provinces and Territor-

ies of Canada, were especially wel-

come in view of the extreme heat out

of doors. Moreover the busy schedule

was itself more than sufficient induce-

ment to remain inside. The coordina-

tion of Institute business, professional

discussion and social events into a

program of such variety and interest

reflects great credit on the Toronto
Committee, under the chairmanship

of Whit Davis. Mrs. W. A. Hutchison
and Mrs. A. C. Davidson organized

the ladies' program.

Each moming for the ladies there

was the coffee get-together which is

a popular feature of the annual

meetings, and on Monday this was
followed by a morning drive around
the city, lunch at The Old Mill, and
an afternoon visit to the renowned
James Gardens and Hyde Park Gar-
dens. On Tuesday the ladies lunched
at the Royai Canadian Yacht Club,
where a bridge demonstration was
afterwards arranged for them.

The ladies also paid a conducted
visit to the exhibit specially installed

in the hotel for this meeting by
Atomic Energy of Canada Limited,

and many of them were present at

the film "Atomic Energy in Canada"
which was shown in the ballroom on
Sunday evening.

The Program

The Committee on Confederation

met on Saturday afternoon and re-

ported to Council the following day.

Other Institute business was taken up

on Sunday morning when the Branch

Officers convened. Delegates and
observers from ali parts of Canada
attended this conference to discuss

ways and means of improving service

to the Branches and cooperation be-

tween them throughout the country.

Council also met on Sunday, and
the Committee on Technical Opera-
tions assembled in the afternoon. The
Annual General Meeting was held

on Monday morning, and the follow-

ing day the new Council of the

Institute met for the first time. A
report on the Annual General Meet-
ing will appear in an early issue.

The Committee on Engineering

Education and the Students' Confer-

ence both assembled on Monday.
Many of the out-of-town students

were accommodated at Hart House,

where University of Toronto students

entertained student delegates to din-

ner on Sunday evening.

Authors' Breakfasts each day pro-

vided an opportunity for the authors

of technical papers to meet the chair-

men who were to preside at their

sessions. Thirty-nine technical papers

were presented, and on Wednesday
the final session was devoted to a

panei discussion on the economic

aspects of the St. Lawrence Seaway.

For the first time in Institute history,

the technical program was organized

and run by the Committee on Tech-

nical Operations, and consensus was
that their efforts were successful and
well appreciated.

At dinner on Monday, June Sth,

the office of president of the Insti-

tute for 1959-60 was given into the

hands of John Jeffery Hanna of Cal-

gary by the retiring president, Ken-

neth F. Tupper of Toronto.

The inauguration of a National

Committee on Professional Develop-

ment Programs was marked on Tues-

day when this committee assembled

for the first time at an Annual Gen-
eral Meeting.

The Association of Consulting En-
gineers of Canada followed theio:

custom of associating their meeting

with that of the Institute, and held

their annual meeting and annual din-

ner on Tuesday.

At luncheon on Wednesday Presi-

dent K. F. Tupper presented medals,

prizes and certificates of honorary

membership to engineers representing

practically every area of Canada.

The annual banquet on Wednes-
day evening, with K. F. Tupper pre-

siding, was followed by a presidents'

informal reception and the annual

dance. The new president, vice-presi-

dents and councillors of the Institute

were formally introduced at the ban-

quet, in the presence of representa-

itves of all three Canadian Services

and of eighteen Canadian and Amer-
ican sister societies. His Worship,

Nathan Phillips, Mayor of Toronto,

was present at the banquet with Mrs.

Phillips as honoured guests of the

Institute.

President Tupper also announced
the retii^ement of Miss May McLaren,
a sénior member of the Headquarters

secretarial staff, who is leaving the

Institute at the end of June after

an association of more than forty

years. On hearing this announcement
all present rose and gave Miss Mc-
Laren a standing ovation.

Quo Vadis?

The wit that framed the observa-

tions of Professor Marcus Long,

speaker at the banquet, served only

to sharpen the focus of his appeal

for some attention to the humanities

in the education of the engineer. The
choice of a distinguished philoso-

pher to speak on this occasion epito-

mized the spú-it of the 1959 meeting,

and his wisdom evoked that of other

voices on the preceding days. On
Monday Dr. Tupper had suggested

that as we build and staff the schools

of engineering the schools of philoso-

phy should also be enlarged. Earlier

still, at the very outset of the meet-

(Continued on page 142)
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C.P.R. President, N. R. Cruinp vvith Dr.
Tupper and Dr. Gamei Page.

The Toronto Committee. Left to right: G. F. R. Norton, Committee Secretary.

C. E. Potter, Finance, A. C. Davidson, Chairman, Toronto Branch, M. P. Whelen,
Committee, vice-chairman, W. A. Bentley, D. R. Abbey, E. R. Davis, C. Macinnis,
H. B. Tryhom, B. Hardcastle, A. Missakian. Inset: D. D. Whitson.
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Dr. Lillian Gilbreth with Dagny Vidinsh, The newly-formed Professional Development Programs Committee. Left to right:

a 1959 engineering graduate and at 21 J. Walsworth; W. E. Lardner; A. Missakian; K. R. Crean; E. T. W. Bailey (Chair-

almost the youngest student delegate. man); W. A. M. Filer; W. OReilIey; D. Stephenson; M. Truemner; K. Anderson;
H. Lightbody.

HONOURS AND AWARDS, 1959

These awards were presented during the annual meeting to 'those recipients who could be p.esent.

HONORARY MEMBERSHIPS
Randolphe William Diamond, Trail,

B.C.

David Arnold Keys, Deep River, Ont.

Hoy Aubrey Spencer, Saskatoon, Sask.

john Bertram Stirling, Montreal, Que.

james Alfred Vance, Woodstock, Ont.

SIR JOHN KENNEDY MEDAL
Hichard Edgar Heartz, M.E.I.C.,

Montreal, Que.

JULIAN C. SMITH MEDALS
Norris Roy Crump, M.E.I.C., Mont-
real, Que.

J. Alphonse Ouimet, M.E.I.C., Otta-

wa, Ont.

GZOWSKI MEDAL
Raymond Edward Grout, Montreal,

Que.

John Arthur Thomas, Montreal, Que.

LEONARD MEDAL
Lazure Eruant Djingheuzian, Ottawa,

Ont.

PLUMMER MEDAL
Robert Owen King, M.E.I.C., Otta-

wa, Ont.

DUGGAN MEDAL AND PRIZE
William Cumming Leith, Montreal,

Que.

ROSS MEDAL
Frederic Lewis Lawton, M.E.I.C.,

Montreal, Que.

ROBERT W. ANGUS MEDAL
Lawrence Milton Boyd, M.E.I.C.,

Montreal, Que.

Walter Scott Mcllquham, M.E.I.C.,

Montreal, Que.

The Branch Officers met iinder the chairmanshíp of Professor A. C. Davidson. neers.

Retiring President K. F. Tupper chats

with D. O. Tumbull, President of the

Canadian Council of Professional Engi-
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Rendezvous for the banquet. Left to

right: Mrs. Marcus Long; E. R. Davis;
Mrs. K. F. Tupper; Professor Long;
Mrs. Davis; Dr. Tupper.

Conversation piece: Left to right: Mrs. E. C. Luke; Mrs. Dr. Tupper vvith representatives of the three Ser^ices:

Gamet Page; Mrs. K. F. Tupper; Mrs. J. J. Hanna. Colonel W. A. Capelle of the Canadian .\miy; Group
Captain C. L. Inglês, R.C.A.F.; and Commodore H. G.
Burchell, R.C.N.
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ASME Honours Canadian
H. S. Van Patter, m.e.i.c, vice-

president and director of Dominion
Engineering Works Limited, Mont-

real, recently was elected a Fellow

of the American Society of Mechani-

cal Engineers.

To mark the occasion, a luncheon

was held at the University Club,

Montreal, on April 22, with Dr. R. E.

Heartz, m.e.i.c, hon. mem. a.s.m.e.,

in the chair. Dr. L. Austin Wright,

HON. M.E.I.C, MEM. A.S.M.E., pre-

sented Mr. Van Patter to the meet-

ing and outHned his long connec-

tion and many activities with The
Engineering Institute of Canada.

Logan Kerr, m.e.i.c, of Philadel-

S. Logan Kerr, m.e.i.c, and H. S. Van
Patter, m.e.i.c, and Dr. R. E. Heartz,

M.E.I.C.

phia, himself a Fellow of A.S.M.E.,

gave a short account of Mr. Van
Patter's accomplishments in the field

of engineering and of administration,

pointing out that during the period

of his services with the Dominion
Engineering Works as design engin-

eer and administrator the company
has produced 13.5 million horse-

power of hydraulic turbines. He re-

ferred also to the valuable experi-

mental work done by Mr. Van Patter

on turbine pumps and cavitation.

Dr. Heartz then presented the cer-

tificate of Fellowship to Mr. Van
Patter, making reference to the many

satisfactory transactions he had had

with Mr. Van Patter and his com-

pany.

In response, Mr. Van Patter dis-

claimed the credit for the many
achievements which had been men-
tioned by the three speakers. He
gave credit for ali of these to the

company and to the many excellent

people who had been associated with

him throughout his almost forty years

of connection with the Dominion En-

gineering Works Limited.

In conclusion, the meeting ex-

pressed to Dr. Heartz its appreciation

of his thoughtfulness in bringing the

group together to mark this interest-

ing occasion.

The Royai Canadian Engineer Museum
at Camp Chilliwack, B.C.

An abstract of an article by
Capt. J. S. McGivern, S.J., M.B.E., CD.
R.C.A.Ch.C.(R.C.)

When the Royai Canadian Engin-

eer Museum placed a military exhibit,

or museum in miniatvue, in the Pa-

cific National Exhibition last year,

many people wondered about the

parent Museum. This was not very

surprisiiig, for the history of this

museum goes no further back than

July, 1956. At that time, The Can-

adian Sapper headline read, "R.C.E.

Museum Becomes a ReaUty".

It had been a long-felt want and
many proposals and plans had in the

past been made. But it was not until

July 1956 that more strenuous efforts

could be exerted. Under the encour-

agement of Colonel R. J. Carson,

C.D., now commandant of the School

of Military Engineering, and the en-

thusiastic cooperation of many other

officers, plans for the Museum pro-

gressed rapidly. At that time a Mu-
seum Board was established, consist-

msr wesTiRH zone

TBCHNICAL COHHRlHa

Offers these features for your interest and enjoyment:

TECHNICAL PROGRAM: — A series of technical papers, many

of wliicli will deal with economic and engineering aspects of western

Canadian Developments.

— A fórum on irrigation and drainage.

A PROGRAM FOR THE LADIES.

A PROFESSIONAL DEVELOPMENT SEMINAR.

BmIT, Alberta, Ociober 2, 3, /9S9
Arranged by the Calgary and Saskatchewan Branches, E.i.C, with ali Zone "A" Branches participating.
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ing ot Col. Carson, Major Burgoin,

Capt. Blake, and R.S.M. Sininger.

The first place set aside for the

start of the Musctim was the former

Roman Catliolic ('liapel. The Arniy

had huilt a new chapei for Catholic

persomiel and oii August 15, 1956,

tile ncw building was taken over and
the first service held there. This left

the old chapei available for the

R.C.E. Museum.
One of the first projects of the

Museiun was to try to illustrate the

niotto of the Royai Canadian Engin-
eers: obique' quo fas et
GLORIA DUCUNT. As the word
'FAS' normally in its original latin

means 'divine right', it was considered

appropriate to combine the old R.C.

Chapei and the first Protestant altar

used in Camp Chilliwack, as the

shrine on which to place the Books
of Memory containing the names of

those Engineers who died during
World Wars I and II. The altar was
flanked with the Corps Flag, the

Union Jack, the Canadian Ensign,
and the last flag flown over the Royai
Canadian Engineers' shíps. In the

centre, above the altar, the picture of

Her Majesty Queen Elizabeth was
placed.

Soon after this, exhibits began to

come in. The Museum was finally

set up in January 1957 in the old

chapei and was opened to the Corps
of the Royai Canadian Engineers by
the Honorary Colonel Commandant
of the Corps, Brigadier J. L. Mel-
ville, C.B.E., M.C., E.D., in May of

that year. On August 8, 1958, Sir

Ouvry L. Roberts, G.C.B., K.B.E.,

D.S.O., former Quartermaster Gen-
eral of the British Army and an Hon-
orary Colonel, Commandant of the

British Royai Engineers, opened the

Museum to the public. Present on
that occasion were a number of de-

scendants of the British Royai Engin-
eers who pioneered in British Colum-
bia a hundred years before. The
Museum is now open to the public

every Wednesday evening, from seven
to nine o'clock, and on the first and
third Sundays of each month from
three to four-thirty. The number of

visitors is steady but by no means
extraordinary as yet.

The biggest problem is that of

continued growth. Unless it continues

to have new and interesting exhibits

and a place to show them, the R.C.E.

Museum could become a stagnant

and dormant thing. However, it is

still continuing to receive new and
interesting material from both the

First and Second World Wars, though
the influx is not as great as in the

The R.C.E. Museum was formally
opened by General Sir Ouvry Roberts,
left, with Major A. S. Millen aud Col.
M. Turner ( at back).

earlier days.

However, we know there must be
a great deal more material kicking

around in attics or buried in trunks.

We are particularly looking for

badges, regimental flashes, medals
and uniforms. The writer would like

James A. Vance, m.e.i.c, was one

of the delegates from Canada to the

Atlantic Congress, which was held in

London, England in June. Mr. Vance
was a member of the Committee on
Resources and Underdeveloped Areas

in the Atlantic Countries.

to urge ever\body to continue to

help US expand. If you find things

that might interest us, please do not

hesitate to contact the Museum staff.

One of the best helpers in the

Museum is Mrs. Bateson, who has

a special project at the moment — a

Sergeant s Exhibit. It consists of uni-

forms and hats or caps of sergeants

during the past sixty or sixty-five

years.

Recently the Museum was pre-

sented with a complete set of Bruce

Bairnsfather s "Fragments of France".

There are also two original drawings

of this \\'orld ^^'ar I artist.

Brigadier J. B. Bishop, O.B.E..

C.D., has commented "A militar\-

museum, over and above the intan-

gible values of preserving the history

and tiaditions of the Army, provides

an educational value to ali military

personnel in the maintenance and
display of equipment, material, and
related items which have pla\ed a

part in the histor\- of the Canadian
soldier. They give evidence of tech-

nical development. traditions, and an

esprit de coips. of an army that has

captured the admiration and respect

of ali nations".

The discussions were attended b\

650 politicai and business representa-

tives from the member nations of

\orth Atlantic Treat>' Organization.

Chairman and head of the Can-

adian delegation was Henry Frank

Jones. LL.B., M.P.

Consulting Engineers Anniial Meeting
The annual general meeting of the

Association of Consulting Engineers

of Canada took place at the Royai

York Hotel, Toronto, on June 9, 1959,

the chairman being C. C. Parker,

P.Eng., of Hamilton, Ont. Members
from ali parts of Canada were present

and the Consulting Engineers Council

of the United States was represented

by its president, Ralph M. Westcott,

of Los Angeles.

In his report for 1958, Immediate
Past-President John G. Frost stated

that the Canadian Association of Con-
sulting Engineers has been admitted

into the membership of FIDIC, the

Federation Internationales des Ingen-

ieurs Conseils.

Among the reports presented was
that of the Committee on Tariff of

Consulting Fees. Its chairman, Edgar
A. Cross, of Toronto, referred to a

study being made of fee structures in

the various provinces and he expressed

the intention to shortK' submit pro-

posed re\isions which will be de-

signed to more adequately nieet the

changing conditions in the various

fields of Consulting practice.

The meeting was followed by the

annual dinner of the Association

which was attended by members and

their wives. Among the guests were

Immediate Past President K. F. Tup-

per and Mrs. Tupper, and President-

Elect J. J. Hanna and Mrs. Hanna.

Engineering Institute of Canada:

Ralph M. Westcott, Los Angeles:

Maurice Paxette, president. Ro\ol

Architectural Institute of Canada;

J. E. Harrington, President. Canadian

Construction Association, and Mrs.

Harrington; A. W. F. McQueen,
President, Ontário Association of Pro-

fessional Engineers, and Mrs. Mc-
Queen; R. A. Frigon. Department of

Trade and Connnerce of Canada:

and D. O. Turnbull, President, Cana-

dian Council of Professional Engi-

neers.

M.E.I.C. at Atlantic Congress
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OBITUARIES
The sympathy of the Institute is extended to the relatives

of those whose passing is recorded here.

John William Porter, m.e.i.c. díed earlv

ín 1958 in Winnipeg, Manítoba.

Mr. Porter was bom in Aberdeen,

Scotland on October 15, 1877 and was
educated at Gordon's College, Aberdeen.

He served a five year piipilage with

P. M. Barnett, chief engineer with the

Great North of Scotland Railway.

Mr. Porter carne to Canada in 1902
and joined the C.P.R. in Montreal.

In 1905 he became resident engineer

with the C.P.R. in Toronto and in 1915

became chief engineer with the Hudson
Bay Railway. In later years he was a

Consulting engineer, with W. C. Arnott

& Co., in Winnipeg.

C. D. McAllister, m.e.i.c. of Saint John,

N.B., died on March 20, 1959.

Mr. McAllister was with the Federal

Department of Public Works where he
was assistant chief engineer of the New
Brunswick division.

He represented Canada as secretary

on the Canadian contingent to the joint

U.S. A., Canada committee on the Passe-

maquoddy hydro power project and was
also a warden for the Engineering iron

ring ceremony.

Until the time of his death he was
active with several community organiza-

tions.

Mr. McAllister was a graduate of

University of New Bnmswick, class of

1918.

W. E. Warburton, m.e.i.c. retired city

engineer of Penticton, B.C., died on
March 28, 1959.

Bom on March 1, 1893 in Charlotte-

town, P.E.I., he received his engineer-
ing education at Kings College, N.S.,

and at McGill University.

After serving in World War I, from
1914 to 1918, he joined Green Bros.

& Burden, B.C. as instmment man. In

1921 he became assistant engineer with
Nelson Sewer Construction and from
1925 until 1941 served on various con-
stmction projects.

Mr. Warburton opened his own con-
struction company in 1946 and in 1947
became city engineer with the City of

Penticton, B.C. where he was until his

retirement.

A. R. Holmes, m.e.i.c, died on Fební-
ary 24, 1959, at Windsor, Ont.

Bom at Hantsport, N.S. on July 18,

1872, he graduated from King's College,

N.S., in 1895, with a bachelor of engi-

neering degree.

After graduating he worked as drafts-

man and stmctural engineer with various

constmction and railway projects.

He was secretary-treasurer for seven
years with MacKinnon, Holmes & Com-
pany Limited, Sherbrooke, Que. and
later, president of Archibald & Holmes
Limited, Toronto. He continued to work
in engineering in Toronto, latterly witii

Allward Gouinlock, Architects, and with
the Bell Telephone Company. He went
to Windsor in 1958.

T. Frederick Francis, m.e.i.c, of Tor-

onto, Ont., died May 8, 1959.

Born in Moncton, N.B., he started his

career with the C.P.R. in 1907. He later

returned to university and graduated

from McGill in 1915 as a civil engineer.

After serving in World War I as a

member of the Railway Corps, he re-

turned to Canada and rejoined the

C.P.R. where he supervised constmction

in western Canada.
He was responsible for constmction

work on the Rogers Pass and Connaught
tunnel near Revelstoke.

Mr. Francis retired two years ago as

construction engineer with the Ontário

Department of Highways. Since his re-

tirement he had been consultant on
Trans Canada Highway work near Revel-

stoke.

Victor S. Chestnut, m.e.i.c. died on April

27, 1959, at St. John, N.B.

Born in Toronto, he received his de-

gree in engineering at Toronto University

in 1912. He was employed for five years

in constmction of the Welland Canal.

From 1919 until 1924 he was on the

staff of Saint John Dry Dock Company
Limited. He went to Ontário then to

work on elevator construction at Mid-
land, and later on the designing staff of

the Welland Canal.

In 1930 he returned to Saint John as

port engineer. He retired in 1953.

J. N. Stinson, m.e.i.c, died on April 3,

1959, in Ottawa.

Born at Toledo, Ont., he graduated

from Queen's University in 1914 with

the degree of bachelor of science in

civil engineering.

Upon graduation he joined the

National Parks Branch of the former

Department of Interior. In 1949 he re-

tired from the civil service where he

was supervising engineer of the Engi-

neering Division of the Department of

Mines and Natural Resources.

George Percival Wilbur, m.e.i.c. died

suddenly on May 5th, 1959.

Born at Victoria Harbor, he received

his education in Toronto and in 1909

began his career with Polson Iron Works
in Toronto.

In 1913 he joined Dominion Bridge

Company Limited where he became suc-

cessively chief draftsman, contracting

engineer and sales manager and in 1951

he was elected vice-president and gen-

eral manager for the company.
He retired from the company in 1956.

Ewart Greig, m.e.i.c. chairman of the

board of Union Carbide Canada Limited,

died May 18, 1959 in Toronto.

Born and educated in Toronto, Mr.

Greig joined the National Carbon Div-

ision of Union Carbide in 1919 where
he was appointed vice-president and

general manager in 1942. Upon forma-

tion of Union Carbide Canada Limited

in 1954, M. Greig was made first presi-

dent of the company and was elected

board chaimian in 1956.

He was active in the management of

CKNC in Toronto, one of Canada's first

radio stations established by National

Carbon in the early 1920's and then

taken over bv the Canadian Radio Com-

Arthur John Gayfer, m.e.i.c. died on
March 6, 1959, at Kelowna, B.C. He
was bom on January 25, 1877 at Vx-
bridge, England. He came to Canada
in 1898.

Mr. Gayfer served in Belgium and

France during the first world war as a

major and as chief engineer of the

Twelfth Battalion Light Railway Troops.

After forty-two \ears of service with

the Canadian National Railway Com-
pany, he retired in Calgary, before going

to Kelowna. His work had been mostly

on location and constmction of eastern

and western lines.

E.I.C Annual General Meeting, 1960

Royai Alexandra Hotel, Winnipeg, Man., May 25-26-27.
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A. E. Cameron, m.e.i.c. (B.Sc, mining,

1913, M..Sc.. McGill, 1914, D.Sc, M.I.T.

1926) was awarded the honorary degree

of Doctor of Enginecring recently at

the Nova Scotia Technical College. Dr.

Cameron is the former president of

X.S.T.C.

J. H. Mowbray Jones, m.e.i.c. (B.A.Sc.,

mech., Toronto, 1927) received an hon-
orary Doctor of Engineering degree at

the recent Nova Scotia Technical Col-

lege convocation. Mr. Mowbray Jones is

vice president of Mersey Paper Com-
pany, Liverpool, N.S.

Jack Moitís, m.e.i.c. plant manager of

Courtauids (Canada) Limited, Cornwall,

Ont., has been elected to the board of

directors of the company.

J. W. Macdonald, m.e.i.c. (B.Sc, elec,

Nova Scotia, 1931) formerly assistant

chief engineer, has been appointed chief

engineer of the Nova Scotia Light and
Power Company Limited, Halifa.x, and
its subsidiaries.

J. W. MacDonald,
M.E.I.C.

Jack Morris,

M.E.I.C.

Albert G. Ley, m.e.i.c. (B.Sc, elec,

xNova Scotia, 1930) has been made super-

intendent of the thermal division with

the Nova Scotia Light and Power Com-
pany Limited, Halifax, N.S.

W. G. Macdonald, m.e.i.c. formerly

chief engineer, has been appointed e.x-

ecutive engineer with the Nova Scotia

Light and Power Company, Limited,

Halifax.

Dominion Bridge Company Limited re-

organization has resulted in a ntimber

of sénior management appointments,

including these:

W. Herbison, m.e.i.c. has been appointed

works manager in the Montreal Branch.

P. G. A. Brault, m.e.i.c. (B.Sc, McGill,

1921) has been named chief engineer,

structural division (Montreal).

C. J. Pímenoff, m.e.i.c. (B.Sc, M.Eng.,

McGill, 1931, 1932) is assistant chief

engineer, structural division (Montreal).

H. J. Leitch, m.e.i.c. (B.Sc, McGill,

1926) has been named sales manager,

structural division (Montreal).

A. M. Bain, m.e.i.c. (B.Sc, civil, Mani-

toba, 1928, M.Sc, McGill, 1929) has

been appointed chief engineer, platework

division (Montreal).

W. G. Peacock, jr.e.i.c. (B.Eng., civil,

McGill, 1949) is appointed sales man-
ager of the platework division (Montreal).

D. J. Lewis, M.E.I.C. (B.Sc, civil,

Queen's, 1924) is manager of contracts,

platework division (Montreal).

H. L. Ferguson, m.e.i.c has been ap-

pointed chief engineer of the mechanical

division.

F. Block, M.E.I.C. (mech. engineer,

Vienna, 1921) is chief engineer of the

boiler division.

J. M. Dyke, m.e.i.c. (B.A.Sc., mech., Tor-

onto, 1943) is manager of contracts,

boiler division.

J. R. MacKay, jr.e.i.c. (B.Eng., mech..

McGill, 1951) is in charge of sales of

water tube boilers and steam storage

schemes in the Boiler Division.

R. M. Robertson, m.e.i.c. (B.Sc, civil,

McGill, 1920) manager of operations at

Lachine, Que. has retired after many
years with the company.

D. E. Perriton, m.e.i.c. (B.Sc, mech.,

McGill, 1922) has been appointed man-
ager of contracts, for the mechanical

division.

Albert G. Ley,
m.e.i.c.

W. G. Macdonald,
M.E.I.C.

Herbert F. Schmelz, m.e.i.c. (Polytech-

nique Institute of Vienna, Áustria, 1936)

fonnerly of Montreal, has been ap-

pointed director of engineering for In-

dustrias Metálicas and its allicd plants

in South America.

George L. Houghton Ernest F. Wikon.
m.e.i.c. m.e.i.c.

George L. Houghton, m.e.i.c. (Higher

Nat. Cert., Mech., 1946) has been elected

second vice president of Racey, Mac-
Cullum and Associates Limited, Toronto.

Ernest F. Wilson, m.e.i.c. (B.A.Sc,

Aeronautical, Toronto, 1949) has been
made a representative of Linde Co.

division of Union Carbide Canada Ltd.,

for Toronto and Eastern Ontário.

H. W. H. Casperd, m.e.i.c. (B.Sc, civil,

London, 1928) has been appointed chief

field engineer with the Foundation of

Canada Engineering Corporation Limi-

ted, Toronto.

H. G. Ambrose, m.e.i.c. (B..\.Sc., mining,

Toronto, 1942) has been appointed as-

sistant general manager of \'. D'Am-
brósio and Company Limited, Toronto.

H. G. Ambrose,
m.e.i.c.

H. W. H. Casperd.
m.e.i.c.

Earl Dokken, m.e.i.c. (B.Sc, mech.,

Saskatcliewan, 1944) is general manager

of Rcdi-Mix Ltd. Moose Jaw. Sask., and

also president and general manager of

Inland Construction Ltd., Moose Jaw.

Kenneth C. Cox, m.e.i.c. (M.Sc, civil.

Lehigh, 1939) was recenth- elected vice-

president of Dravo of Canada Limited.

Toronto.

Earl Dokken.
m.e.i.c.

Kenneth C. Cox,
m.e.i.c.

A. K. Piercy, m.e.i.c. (B.Sc, mech.,

Saskatchewan, 1942) has been appointed

chief engineer of .\lpha Manufacturing

Company Limited. \\"innipeg.

William L. Fraser, m.e.i.c. (B..\. Dal-

housie, 1915, B.Sc, McGill. 1917) has

been appointed Ontário H\dro's director

of the St. Lawrence Power Project.
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POMINION BRIDGE

iba Bridge crews erect and place ínto position 60", 48",
30" and 24" pipe for the cooling water.

Brandon generating station switchyard showing galvanized steei structure;

At Brandon Generating Station

Manitoba Hydro Electric Board's Brandon generating statioi

has a structural steeI frame. The station has increased th»

system's capacity by 132 M.W. and comprises four 33 M.W
hydrogen cooled steam turbo-alternator sets.

For this project, Dominion Bridge fabricated and erecte<

the structural steeI for the principal build]ngs and Manitob(

Bridge supplied a considerable amourtt of the steelwori

used throughout the plant.

Contracts included 2100 tons for the powerhouse, adminis

tration building and fuel bunkers: approximately 1 300 ton

of miscellaneous steeI structures for use within the buildings

a 500 H.P. packaged unit scotch dry back heating boiler

extensive steeI pipework for the cooling water, and th<

galvanized steeI structures in the switchyard.
ork for the ma!n building. Ali three buildings contain a

(1 total of 2100 tons of structural steel.

k/IANITOBA BRI D GE



# PERSONALS

D. B. Aiuian, m.e.i.c. (B.Sc-., Qiicen.s,

1940) is a.s.sistaiit director of military

sales at the Dc Havilland Aircraft of

Canada Ltd, Downsview, Ont.

Kenneth R. Biillock, m.e.i.c. (B.Eng.,

olec. McCill, 1952) formtMly of Ontário
has joiíu-d the Anaconda Wirc & Cablc
Conipain-, Ilastings-on-Hiidson, N.Y.

Jolin Greenaway, m.e.i.c. i.s now applica-

tion engineer with the Alpha Manu-
facturing Company Limited, Winnipeg.

G. H. Wood, M.E.I.C. (B.A.Sc., civil, Tor-

onto, 1917) lias recently retired as dis-

trict engineer with the Department of

Northern Affairs and National Resources,

Ottawa.

A. C. Ridger, m.e.i.c, has been named
special assistant, engineering division of

Comineo Engineering, Trail, B.C.

N. D. Heash'p, jR-e.i.c. (B.A.Sc., chem.,

British Cohmíbia, 1951) has been made
supervisor of the high e.xplosives depart-

ment, of Canadian Industries Limited at

McMasterville, Que.

R. Keith Jamieson, m.e.i.c. (B.A.Sc.,

.\I.Sc., civil, British Columbia, Manitoba,

1952, 1957) has been appointed engineer-

Missionary under appointment to An-
gola, Africa with The Board of Over-

seas Missions, the United Church of

Canada.

R. A. Phillips, J. A. Dubuc,
M.E.I.C. JR.E.I.C.

R. A. Phillips, M.E.I.C (B.A.Sc., British

Columbia, 1939) of Canadian General
Electric Company Limited, Montreal is

the chainnan of the Montreal Braneh
of the Institute.

J. A. Dubuc, jR E.i.c. of James H. Wil-
son Limited, Montreal has been elected

chairman of the Montreal Braneh of the

Institute.

D. G. McKay, jb.e.i.c. (B.Sc, mech.,

Manitoba, 1949) fonnerly with Emco
Limited, Calgary, Alberta is now self

employed as a manufacturers agent in

Nanaimo, B.C.

H. W. R. Gibney, jRe.i.c (B.A.Sc,

mining, British Columbia, 1950) has

been appointed method study technician,

mines division of The Consolidated

Mining and Smelting Company at Kim-
berly, B.C.

William Fredenburg, jr.e.i.c. (B.A.Sc.,

mining and geology, Toronto, 1949) field

engineer with The General Engineering
Company Limited, Toronto, has lately

been located at Vibumum, Missouri.

Edger D'Souza, jr.e.i.c (B.Eng., elec,

Syracuse, 1950) has joined Quebec-
Telephone in Rimouski, Que., to work in

the plant e.xtension group of the engi-

neering department.

Raoul Verret, jRe.i.c. (B.A.Sc, civil,

Polytechnique, 1952) was recently ap-

pointed director for European operations

for Werner Associates Inc., management
consultants, New York.

R. H. Nutt, jr.e.i.c (B.A.Sc, mech.,
Toronto. 1952) is working with the

Pioneer Saw Limited, Peterborough. Ont.

as a project engineer.

Kui Yuen Kwong, jr.e.i.c. (B.Eng., civil,

McGill, 1957) has been made structural

engineer with Pak C. Kwong, M.Arch.,

in Hong Kong.

Maurice Maio, jr.e.i.c (B.Eng., mech.,

McGill, 1950) is now combustion and
development engineer wdtli Volcano Ltd.,

St. Hyacinthe, Que.

R. J. Kavanagh, jr.e.i.c. (B.Sc, elec,

New Brunswick, 1953) lecturer at the

Universit\- of Toronto has been awarded
a National Research Council postdoctor-

ate overseas fellowship at Imperial Col-

lege, London.

WEATHERPROOF SHUTTERS are specially suitable for

Transpoit Depots, Factories, Warehouses, Stores, Loading

Ways etc. Booth specíalize in electrically operated shutters

for large and unusual openings. These can be fitted with

an electro sensiti\'e bottoni rail which will stop the

shutter and leverse it to the obstruction on its downiward

travei.

A shutter 15 ft. high can be operated or closed in less

than 20 seconds.

BOOTH
STEEL ROLLING SHUTTERS
JOHN BOOTH éc SOXS (BOLTOX) LTD.

HULTON STEELWORKS. BOLTON. EXGLAXD

Cables: Iron\ , Bolton.

Represented in Canada hij:—

DAMD McCILL & SONS LTD., 16 St. John's Road, Pointe Claire, MONTREAL. 33, Que.

JOHN THOMPSON-LEONARD LTD., P.O. Bo.x 429, LON DON, ONT., and 62 Water Street, ST. JOHN. N.B.

HALLS ASSOCIATES (WESTERN) LTD., 1045 Erin Street, WINNIPEG, 10, Man.

NORTHERN ASBESTOS & BUILDING SUPPLIES LTD., 9310,125th Avenue, EDMONTON, Alta.

NORTHERN ASBESTOS & BUILDING SUPPLIES (B.C.) LTD., 3455 Bainbridge .\venue, North Burn.diy. B.C. (Vanoouvor)
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Handlíng

problems in

The problem was . . . how to discharge the mam-
moth grain cargoes of the Upper Laker fleets, now
they had access — through the Seaway — to
Montreal . . .

Facilities had to be expanded to discharge cargoes
eight times greater than anything previously
handled!

Harbour Authorities handed the problem to
Simon . . .

The solution . . . An orthodox discharging unit —
the marine-leg dip — combined with a built-in

pneumatic 'sucker' system.

Twin installations — the first of six planned for
Montreal — were built and tested . . .

The two systems — mechanical and pneumatic —
operated simultaneously . The marine-leg shouldered
the load until grain depth dropped below operating
levei and then moved into the next hold while
the 'sucker' stayed to finish the fírst.

Resulta . . . An unloading rate was recorded that
showed an increase of 47% over previous methods!
Man-hours were reduced from the 389 needed by
older methods to an economical 171 hours!

Simon are Materials Handling specialists. Why not
contact them ? Montreal Harbour authorities did !

THE ENGINEERING JOURNAL—JULY, 1959 113



• PERSONALS

Edward W. Thorne, jr.e.i.c. (mcch. eng.,

I.M.E., 1954) is an cngineer with Spade
Contiactors, Loiídon, Ont.

R. M. Dunton, jr.e.i.c., (B.Eng., mech.
Mc<íill, 1949) of Dominion Engineering

Company Limited, Monh'eal, has been
appointcd chief engineer of the press,

miniiig and rubber dcpartments.

K. L. Pinder, tr e ic. (McGill, 1951,

1952, Ph.D., Birmingliam, 1954) is in

the research department of Dow Chemi-
cal of Canada Ltd., Sarnia, Ont.

R. M. Dunton, John M. Epplett,

JR.E.I.C. S.E.I.C.

G. D. McKenzie, jr.e.i.c. (B.Sc, mech.,

Manitoba, 1957) has become research

and development engineer of Alpha
Manufacturing Company Limited, Win-
nipeg.

Reginald S. Wallace, jr.e.i.c. (B.A.Sc.,

civil, 1956) is a field engineer with the

Department of Transport, Air Services

Branch, Toronto.

Paul Imbeau, jr.e.i.c. (B.Sc, mech.,

Lavai, 1957) is an industrial engineer

with Vincent Casson, P.Eng., industrial

engineer and management consultant.

John M. Epplett, s.e.i.c. (B.Sc, civil,

Queen's, 1958) is on the sales engineer-

ing stafiF of the bailey bridge d^art-
ment of Contractors Service Limited,

Toronto.

Alex Grecoíl, s.e.i.c. (B.Eng., civil,

N.S.T.S. 1958) is a field engineer with

the Pentagon Construction Company,
Montreal.

Corrections

Names appearing under these two pic-

tures in the Personals section, May
issue, pages 133 and 137 were reversed

in error. The pictures are repeated here,

correctly captioned:

Max Deitch, C. K. LocW-ood,
JB.E.I.C. M.E.I.C.

Mistakes were made also in tiie setting

of names under these pictures in tlie

section "Newly elected officers of the

Institute", May issue, pages 127 to 128.

The pictures are correctly identified, as

follows

:

A. S. Mitchell, P. W. Gooch.
M.E.I.C. M.E.I.C.

T. N. Davidson, W. A. Mitchell,

M.E.I.C. M.E.I.C.

NEW DREDGING EGONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

À

3 Generations of Experience in 19 Couiitries.

One of a large group of dredging companies
spread over three continents.

Resources include 41 dredges and 112

supporting vessels of every type and size.

Beaver Dredging w/7/ be pleased io provide

informafion and preíiminary estimafes.

COMPANY LIMITED
Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cob/e Address "Filling"
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NEWS OF THE BRANCHES

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

CENTRAL B.C.

Report of the Western Field Secretary,

A. C. M. Davy, m.e.i.c.

In Penticton on May Ist títere was a

joint dinner meeting of the Central B.C.

branches of the Institute and the Associa-

tion of Professional Engineers of B.C.

About 30 people were present, some from
as far away as Revelstoke and Kainloops.

Some thought has been given to the

possibility of holding one or more joint

meetings with nearby branches. They
have concluded that joint meetings with

Vancouver or Vancouver Island branches
are not practical, but that a joint meeting
with the Kootenay Branch niight be
worked out. Further study is to be given

to this project.

An extremely interesting fíeld trip was
being arranged to the Rogers Pass section

of the Trans Canada highway in later

June. This is described immediately be-

low.

A. F. Jopbn, M.E.I.C, Correspondent

A FIELD EsrsPECTiON of the Rogers Pass
Route of the Trans Canada Highway in

Glacier National Park was planned for

June 26.

The party was to go on the Friday
morning to Glacier, B.C., have lunch
at the Federal Department of Public

Works Camp, and then inspect the

works and construction in the area.

Retuming to Revelstoke, they were
to take part in the dedication of a

plaque. This is a joint project of the

Central B.C. branches of the E.I.C. and
the Association of Professional Engineers
of B.C. It commemorates the pioneer
engineers and especially Major A. B.

Rogers, who was in charge of construc-

tion of the Canadian Pacific through
the mountains, 1880-1885.

Two speakers were scheduled for the

dinner meeting, later the same day.

They are: P. Schaerer of the National
Research Council, on "Avalanche Con-
trol", and R. K. Coates, P.Eng., engi-

neer in charge of construction of the

T.C.H. through Glacier and Revelstoke
National Parks, whose subject is "Loca-
tion through Rogers Pass".

CORNWALL
H. S. Johnson, jr.e.i.c, Correspondent

John T. Geoghegan, finishes division

manager, DuPont of Canada Limited,

Toronto, spoke at the meeting of June
2, on the subject, "The Hues You Choose
and Use".

Colours and qualities of paints were
discussed by Mr. Geoghegan. The thin

finish on a car is expected to, and
usually does, stand up to ali extremes of

temperature and weather conditions and
usage. For best results, the speaker sug-

gested that a reputable brand of paint

be used according to the manufacturer's

recommendations.
Colour, he said, has a definite psy-

chological effect. The most preferred

colours are blue, red and green. Colour
can change the character of a room, for

instance. Colour is an important factor

for purposes of advertising and traffic

and safety signs. The visibility and at-

tention values of colours for these pur-

poses is well known.

EASTERN TOWNSHIPS
Jean Bourassa, jR. e.i.c., Correspondent

The annual meeting and Ladies' Night
took the form of a buffet supper on
May 30 at the Club Sociale de Sher-

brooke. The meeting was followed by a

dance.

The newly elected officers of the

branch are: chairman, J. C. Davidson;

vice-chairman, J. P. Champagne; coun-

cillors, W. K. Baldwin, Michel Norman-
din and R. V. Planck. The new secre-

tary is A. H. MacLean of Moulton Hill

Rd., Lennoxville.

FREDERICTON
John Burrows, m.e.i.c., Correspondent

An informal gathering was held on
May 11, 1959 at which the Branch enter-

tained members of the graduating class

of the University of New Brunswick.

HAMILTON
C. A. McCurdy, jr.e.i.c., Correspondent

Firestone Tire and Rubber Company,
Hamilton, was host to a group of branch
members on May 14, for a guided tour

of the tire plant.

An afternoon coffee break was pro-

vided in the company cafeteria before

the tour commenced. The tour then

covered tlie manufacture of tires from the

storage and curing of the raw rubber to

the final inspection of the finished

product.

Hamilton. J. L. Harbell, R. H. Steven-

son, E. W. Hill, C. A. McCurdy, during

an inspection visit to Firestone Tire and
Rubber Company.

Hamilton officers, R. H. Stevenson, P.

J. McNalIy, and R. C. Mitchell.

An executive meeting was held on
April 9, 1959. R. H. Stevenson, vice

president was appointed chairman to fill

the unexipired tenii of H. E. Seely who
had been transferred to Toronto. P. J.

McNally was appointed vice-chairman
and J. M. Skinner was appointed an
executive committee member. At the

same meeting three members were ap-

pointed to the national committee of the

Professional development program:
W. A. H. Filer, K. R. Crean, and J. A.
Walsworth.

LAKEHEAD
G. O. Hansen, jr.e.i.c, Correspondent

Leopold Nadeau, general secretar>' of

the Canadian Council of Professional

Engineers spoke at the meeting of May

THE ENGINEERING JOURNAL—JULY, 19S9 115



FOR QUALITY

PRODUCTS AT

REDUCED COSTS USE

POPULAR-PRICED

NÒRÀNDAU.F.G.

BRASS STRIP

Careful quality control on ali Noranda Copper and

Brass Strip is maintained throughout—from initial

casting right on through delivery.

Noranda *UItra-Fine-Grain Brass Strip

offers these three features—an
absolute minimum of polishing, ability

to take a fine plated finish and most

important, low price— a combination of

advantages that adds up to better

,
quality at lower cost.

Noranda Ultra-Fine-Grain Strip is

fabricated to meet your forming needs

exactly. It is readily formed, stamped
and shallow-pressed; and its fine grain

structure presents a surface so smooth
and even that most finishes require

only a color buff

.

To get the complete story, See the
Man From Noranda. Our Technical

Service Representatives will be pleased

to assist you in the selection of correct

grain size and temper to suit your
individual needs.



Plated U.F.G. heauly is apparent in

thesefine prodncts. Case of the West-

clox Pocket Ben by Western Clock

Company, Ltd., and fishing lures

by Lucky Strike Bait Works Ltd.

are outstanding examples of low-

cost fine finishes obtained with
U.F.G. Brass Strip.

Noranda makes an extensive range

of copper and brass strip and sheet

to meet a wide variety of drawing,

spinning, stamping and engineering

applications. Because so many dif-

ferent characteristics can be "built

into" copper alloys you can meet

almost any product or production

requirement with ease. Regardless

of the material you are now using,

it will pay you to discuss your strip

and sheet needs with the Man From
Noranda . . . chances are he can show
you new ways to use copper alloys

to better advantage.

Noranda CopperandBrass Limited
SALES OFFICES: MONTREAL • TORONTO • LONDON • EDMONTON • VANCOUVER

Noranda
UIUS.S

oppoTlunilies In meiak



• BRANCH NEWS

25 on pn)gress of Confederation. Mr.

Naileaii !ía\ t' a hriof history of engineer-

ing organi/ations iii Canada. Mr. Nadoau
saitl that witli ekncn professional .socie-

tics .sproad acro.s.s Canada, vvith their

particular problenis and viov\ipoint.s, it is

difficult to arrive at a con.stitntion agree-

ablo to ali. Unaninious agreenient is

neci>ssar>- hefore confttlcration can be
aoconiplished. However, Mr. Nadeau said

dffinite progress is being made and in

the coiirse of time there will be con-

federation.

Now you can obtain essential soils and
geologic data for the pre-boring stages

of engineering projects with dependable

Canadian Aero photo interpretation

studies.

Canadian Aero's staff of engineers and
geologists develop basic engineering

data from detailed air photos. For

example, soils are mapped according

to their engineering properties: texture,

plasticity, bearing capacity, and internai

and externai drainage. Generalized pro-

file is indicated.

Área geology is mapped also, according

to engineering properties. Our reports

include: estimates of difjiculty of excava-

NIAGARA península
E. C. Little, M.E.i.c, Correspondent

The ladies auxiliary of the Niagara
Branch met for the first time at a tea

on April 30 at the Niagara Falis Club.
Some 6.5 ladies responded to the invita-

tions that had been sent out.

Mrs. Lilian Robertson, Secretary of the

Toronto office of the E.I.C. was guest of

honour, and spoke on the aims of similar

groups that had been formed in other

districts.

An executive dinner was held on May
7 and the counting of the ballots resulted

in the following members being elected

tion, susceptibility to slides, dip of bedded

rock, and rock type. Where hydraulics

are involved, faults and joints are

mapped, áreas of solution channels in-

dicated, and estimates of porosity made.

In addition, we report on location of

construction materiais, location of

trouble áreas, and determination of

depth to bedrock.

For more information on how Canadian

Aero photo interpretation can provide

data at substantial savings in time and

cost, write us today. Ask for our new
folder "Air Photo Interpretation of

Soils & Geology for Engineering
Projects."

for 1959-60; chairman D. O. D. Rams-
dale; vice-chairman, E. D. Denham; past-

chairman, D. A. Bamum; executive,

R. T. Bailey; W. D. Tanner; H. S.

Lmidy; H. Jones; W. J. 0'ReiUy; W. J.

Smith; A. Zahavich.

The Annual Meeting and Ladies Night
was held on May 21.

OfRcers of the Women's Auxiliary are:

president, Mrs. D. A. Bamum, vice-

president, Mrs. E. C. Little, program
convenor, Mrs. P. E. Buss, secretary,

Mrs. D. O. D. Ramsdale, treasurer, Mrs.

W. J. 0'Reilly.

The 6th annual Professional engi-
neers' BALL wiU be held at Prudhommes
Garden Centre on the Queen Elizabeth

Way at Vineland, on Friday, September
25, 19.59.

Mart Kenney and his orchestra will

provide the music. There will be a floor

show consisting of two novelty acts. The
plan is for the reception and cocktails

at 6.00 p.m., dinner at 7.00 p.m., and
dancing at 9.00 p.m.

R. T. Bailey is chairman of the dance
committee; J. H. Travers (41 Rivercrest

Drive, St. Catharines, Ont.) is publicity

director.

OTTAWA
D. R. Crimes, jr.e.i.c, Correspondent

The muskeg problem in Canada was
the topic of a paper by I. C. MacFarlane
of National Research Council at the

luncheon meeting of May 7, 1959. Mr.

MacFarlane is in the Soils Section of the

Division of Building Research. There
were about 60 members present.

Mr. MacFarlane defined muskeg as

terrain made of hWng vegetation under-

lain by peat. Muskeg creates many en-

gineering and economic problems. The
petroleum industry has already spent

$100 miUion dollars more than nonnal
expenses for exploration in muskeg
country.

Considerable research is being under-

taken on tliis problem especialb' on the

interpretation of muskeg from aerial

photographs. The problem of transporta-

tion across muskeg is being attacked

by tlie development of vehicles and hy
research into new and improved road

construction metliods.

E. B. Eddy Compakv played ho.st to

the Otta\\'a Branch on May 14 wheii

about 60 engineers toured the paper mill

at Hull, Quebec. Three paper machines

were in operation incliiding the modem
"Yankee" paper imchine. This machine
produces paper for ser\iettes and towel-

ling in a continuous sheet 149 inches

wide at a rate of 2,000 ft. per minute.

The paper mill produces enough paper

to encircle the globe, e\er>- two days.

it is said.

.\iR Vice M.\rsh.\l C. L. Annis. O.B.E..

CD., addressed a joint meeting of tlie

E.l.C. and the Canadian Aeronautical

Institute on May 21 with more than 100

engineers present. The topic he discus.<ed

was "Some Aspects of Canadian Aero-

canadian aero service
CALGARY • TORONTO • OTTAWA • LONDON, ENGLAND Itd.

ProspecHng for construction materiais. Interpretation rapidly uncovers ali available sources.

Potential quarry sites, and sources of borrow and granular materiais are mapped . . . evaluated

for quality, quantity, overburden and accessibility.

Get basic soils and geologic data
from Aero photo interpretation
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BRANCH NEWS

nautical Development over a Half-Cen-

tury".

Air Vice Marshal Annis emphasized

the important role played by Mrs. Alex-

ander Graham Bell in organizing and
financing the Aeríal Experiment Associa-

tion in 1907. This association composed
of Canadians and Americans added
greatly to the interest taken in design

and construction of aircraft in Canada
and the U.S.

After some good years of initiative in

design of aircraft adapted to Canada's

geographical and climatic conditions, by
1923 the situation had changed. The
producing aircraft industries in Canada
now belonged to foreign parent firms.

As a result, any research and develop-

ment took place either in England or

the United States. The Canadian indus-

try was left to modify or make do with

whatever aircraft the parent fírms pro-

duced. During the second war, however,

the financing of the design and develop-

ment of aircraft shifted from private

enterprise to government. The number
of industries shrank and the develop-

ment of original Canadian products be-

gan. Air Vice Marshal Annis concluded

that great advances have been made in

the original design and development of a

particular aircraft by one Canadian fimi.

He said, however, that Canada's main
efFort has been the production and not

the development of aircraft.

PETERBOROUGH
J. L. Olsen, jr.e.i.c, Correspondent

CoL. Serge Stuken, m.e.i.c. Director,

Engineering Services, spoke at a meet-

ing on May 4, 1959 on the subject of

"Canadian Arsenais".

He developed the progress of the

Crown Company, now known as Cana-
dian Arsenais Limited from the time in

1945 when a number of World War II

munitions plants were grouped together.

The Company acts to supplement
Canadian industrial capacity, but it is

an association of six major Divisions. It

has ten plants in Ontário and Quebec,

and is capable of producing the am-
munition, small arms, optical Instruments

and military radar which are required

by the Canadian armed forces.

Colonel Stuken described the extent

of the Company 's operations, the pre-

cautions in handling high explosives; the

mechanization of various operations con-

cemed with the filling of projectiles and
the assembling of ammunition. He also

talked about the manufacture of the

7.68 mm. automatic rifle.

E.I.C. Annual Meeting

May 25-27, 1960,

WINNIPEG, MAN.

M/f/í)

See your local SCSÍF Distributor for

bearing replacements. He carrles a

substantial stock of SCSÍF Bearings

in standard types and sizes and

when you need speclal bearings, he will

get them for you promptiy.

CANADIAN COMPANY
LIMITED

HEAD OFFICE AND MANUFACTURING DIVISION:

2201 ECLINTON AVE. EAST, SCARBORO, ONTÁRIO.
DISTRICT OFFICES AND DISTRIBUTORS COAST TO COAST
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PAVIESHIP ca.li. biiild stxiy size slia^pe c

Pictured above is a small section of a hemispher- produced by the versatile engineering division of

ICAL NEUCLEAR REACTOR HALL SHELL (120 feet iii the Davie Shipyards — experts in the field of

diameter) built by davieship for índia. This is specialized steel fabrication techniques. Advice is

only one example of the wide variety of custom- yours for the asking. Cali us any time we can

designed and specially-constructed industrial items be of service to you.

DAVIE SHIPBTJILDINO LIMITED, LATJZON, QUE.
SHIP BUILDING • SHIP REPAIRING • PRESSURE VESSELS • PENSTOCKS

GATES • STEEL STRUCTURES • INDUSTRIAL MACHINERY & EQTJIPMENT
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PORT HOPE
D. A. Runciman, jr.e.i.c, Correspondem

J. W. McMiLLAN, director of personnel

development. Canada Packers Limited,

Toronto, spoke on March 18 on the

application of psychology to management
placement. Mr. McMillan divides psy-

chology to academic, social and industrial

divisions. He iUustrated the use and ap-

plication of the industrial psychology

with examples from his personnel ex-

perience. He discussed the use of E.I.M.F.

(early identification of the management
function) and the group appraisal system.

SAINT JOHN
Harley K. Larsen, jr.e.i.c, Correspondent

TuESDAY, May 19, a large group of

members and ladies attended a dinner

meeting at the Riverside Golf and Coun-
try Club. The meeting was arranged by
the Professional Development Commit-
tee.

Harley K. Larsen, was the speaker. He
showed two sound and technicolor movie
films which were supplied by the Foun-
dation Company of Canada. The film

"Arctic Adventure" iUustrated life in the

Arctic and construction of the DEVV
Line. "Partners in Progress" showed the

various large construction projects and
Services that the Company engineers

have been recently associated with in

Canada. Mr. Larsen also showed col-

oured slides illustrating his own exper-

iences in the Arctic and in the Azores.

Souvenirs of his traveis were exhibited,

such as mounted polar bear hides, Es-

kimo carvings and sealskin work.

ST. MAURICE VALLEY
Eric A. Love, jr.e.i.c, Correspondent

The patent system in general and in

particular Canada's system were de-

scribed by Gordon Asher of the Canadian
Patent Office at a meeting on March 25
in Three Rivers.

The rules and regulations of patent

application can be obtained for a nominal
sum from Ottawa, the speaker said. His

remarks on employer-employee relation-

ship as regards inventions were of inter-

est to ali present. One of the most inter-

esting statements was that "patents can-

not be suppressed. If they are not worked
compulsory licenses are given". There
was a lively question period.

Industrial relations was the subject

of a paper given on April 23 by J. J.

Gagnon, director of personnel relations

Aluminum Company of Canada.
For best results, Mr. Gagnon recom-

mends that people be treated as indi-

viduais in their place of work. Skill and
talent are required in industrial rela-

tions, beyond just comnion sense. People

specify ;

moRRison
BRASS VALVES

No matter how big or small your requirements, there is a
Morrison Brass Valve to meet your need. Quality-made to the
highest specifications, Morrison V'alves are backed by a repu-
tation for dependabílity that has been establíshed for over 93
years. You can be sure of efficíent, económica] performance
when you specify Morrison Brass Valves.

MORRISON'S policy is to give the ultimate in customer service.
To accomplish this, jobbers are carrying adequate inventories of
our various products in ali large centres throughout the Dominion.
To support our jobbers we have stocks of finished parts and com-
pleted items in our main warehouse and factory at 276 King Street
West, Toronto. ALL MORRISON products are packaged for easy
identification.

ANGLE VALVE features include
screwed-union bonnets and extra
heavy hexagon ends.

CHECK VALVE features renewoble
composition discs and high qualtty
bronze costings.

BRASS GATE features include solid
branze tapered gate (or wedge) and
extra heavy bronze spíndie with
acme threads.

GLOBE VALVE features special alioy
non-heoting handwheels fitted with
self-aligning glands in the stuffing box.

Distríbutors across Canada

"QUALITY VALVES SINCE 1864"

moRRison brass rr.
276 KING ST. W., TORONTO, ONT.
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TO SAVE ON FASTENERS

sligbtiy redesigned as a Co/c/ Headed ''Standard"

Resulf - 80% Savings

!

Stelco's modern bolt-making facilities, plus the services of Specialty

Fastener Representatives, offer you three ways to save on "special"

fasteners —
FIRST — Many types of contoured parts can be produced by cold

heading more economically than by niachining. Not ali savings

are as impressive as the one illustrated above, but cost rcductions

in lhe rcgion of 40% are not uncommon and are often acconipanied

by minor redesigning which adds to the strength of the part.

Secondary operations, such as thread rolling or cutting, knurling,

extruding, flattening, piercing, drilling, broaching. and bending

are also provided for in Stelco's facilities.

SECOND — Stelco will carry as stock items your long-run repeti-

tive "specials" — giving you a ready source of supply and the

benefit of large-quantity prices.

THIRD —- Your "special" requirement might already be in stock

as a Stelco "Standard" — or possibly an existing "special" could

meet your needs. In either case you vould realise a saving.

Why not ask Stelco's Engineers to examine your "specials"? If

they are adaptable to production by the cold heading process your

cost reductions will be substantial. Any Stelco Sales Office is at

your service.

HE STEEL COMPANY OF CANADA, LIMITED
Execufive Offices: Hamilfon and Monfreal

es Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor, Winnipeg,

Edmonton, Vancouver. J. C. Pratt & Co. Limited, St. John's, Newfoundland.

Machined "Special" . . .

I

The simple Fiat Head Shoulder •

Rivet shown on the left above
|

(enlarged), was slightly aniended as
|

seen on the right, to permit pro- •

duction by cold heading instead of I

by machining. The elimination of |

scrap loss, combined with increased
|

speed of production, brought a
j

saving of SO"^*^ to the purchaser.
Pictured bclow are several other •

"specials" slandardized by Stelco
[

with considerable cost reductión. '

57121.B
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• BRANCH NEWS

want to know where they are going, and

this is accomplished by good communi-
cation and information.

Personnel interest should be the busi-

ness of top executives and interest should

be stimulated in subordinates. Mr.

Gagnon touched briefly on union prob-

lems including the internai problems

facing some unions today.

TORONTO
D. R. Abbey, m.e.i.c, Correspondent

Dr. L. E. Jones, of the University of

Toronto was the speaker on April 9.

His subject was "The Supercharger". He
started with the simplest of pumping
devices used in early times and traced

the development through the years. View-
ing a pump as a device for transforming

energy from a convenient source to a

flíuid, Dr. Jones showed how each type

of pump was capable of transmitting

energy of specific characteristics such as

high pressure, high velocity, or high flow

volume.

In addition, he had a wide range of

displays and demonstrations by which he
illustrated both ancient and modem
pumping devices.

Dr. Jones is an associate professor in

the Department of Mechanical Engineer-

ing.

Professor D. A. MacRae, Professor of

Astronomy, University of Toronto and
David Dunlap Observatory, was the

speaker on April 23.

Dr. MacRae outlined how radio astron-

omy developed from recent research

performed on shortwave. In investigations

of static interference, it was found that

some interference was coming from outer

space.

Classic optical methods of astronomy
are Umited by the transiparency of space

which is limited in certain directions.

Radio astronomy is unlimited in range but

does have problems of resolution and
signal collection the same as optical

astronomy.

The speaker described the construction

and operation of the 85 foot antenna at

Leydon, Holland, and the 250 foot an-

tenna in Manchester, England, and he
explained some of the specific contribu-

tions made by this new branch of astron-

omy.

A PLANT visiT to Hinde and Dauch
Paper Co. of Canada Ltd., attracted 150

members on May 7.

This plant, located in Toronto, pro-

duces boxboard for use in manufacture
of containers, and has one of the fastest

board machines on the continent. Dur-
ing the tour, the members were able

to follow the process from the pulping
of scrap paper to the finished board, as

well as the testing facilities for both the

board and the finished containers.
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizationò.

CANADIAN COUNCIL
D. O. Tumbull Elected President of

-National Body

Donald Orton Tumbull, P.Eng., a native

of Rothesay, N.B., has been elected

president of tlie Canadian Council of

Professional Engineers.

Since 1944, he has headed his own
company, Turnbull and Scott Limited,

in Saint John, N.B. which specializes

in the design of marine structures and
industrial buildings.

Donald Orton Turnbull, p.eng.

Don Turnbull received his education
at Rothesay Collegiate; Bishop Ridley
School, St. Catharines, and Royai Mili-

tary College from which he graduated
in 1929 with an engineering degree.

In his early career he worked for Cana-
dian Industries Ltd., and the Depart-
ment of Marine, Hydrographic Service.

Then he joined the Foundation Company
of Canada as a job engineer on the

reconstruction of the King Edward Pier

in Montreal harbour. Later, he super-
vised construction of the breakwater at

Liverpool, N.S., and the Alexandra Pier

at Montreal harbour.

In 1939 he joined the Royai Canadian
Air Force and became a navigator and
na\igation instructor. He was appointed
the first chief ground instructor upon ílie

formation of the RCAF's Central Naviga-
tion School, and later headed a technical

development group at Air Force head-
quarters, He retired in 1944 with the

rank of squadron leader, and formed his

own Consulting practice in Saint John.
He has served as chairman of the

Saint John branch of the Engineering
Institute of Canada and as councillor of

the Institute, and he is also a member
of the Consulting Engineers of Canada.
He served as mayor of his hometown,
Rothesay, and represented it on tlie

Co(inty Council.

He is a director of Eastwood Industries

Ltd., member of the advisory com-
mittee of Eastern Trust Company, and
president of Turnbull Real Estate Com-
pany.

BRITISH COLUMBIA
The Continuing Obligations of the
Engineering Graduate

Editorial reprinted from The B.C.

Professional Engineer, April 1959.

In the next month, the Engineering

Profession will welcome into its ranks

more than 200 graduates in engineering

from the University of British Columbia.

Many of this group will leave the prov-

ince, at least initially, to take up their

first positions in engineering. Some will

proceed with post-graduate education,

either at the University of British Colum-
bia or at other universities outside the

province and the country. We hope that

the great majority of these will return.

The profession owes a certain obliga-

tion to these young graduates. They have
now completed the basic part of their

academic training and for most of them,

at least, there remains only to learn

how to apply these principies, they have
learned in theory, to actual practice.

It is up to the sénior members of the

profession to assist them when assistance

is needed, and to give them guidance.

This assistance may take the form of

constructive criticism but should always

be available. Each júnior engineer should

be made to feel that there is some more
sénior engineer to whom he may turn

for advice and guidance when necessary,

and it is a responsibility that sénior

engineers in companies employing new
graduates must accept.

Not only, however, is there an obliga-

tion upon the profession, but the

graduate himself must accept certain re-

sponsibilities. His obligation is threefold.

First of ali, to himself; secondly, to the

profession; and finally, to tlie community.
These are not necessarily in order of

importance.

The Graduate's Interests

It is incumbent upon a graduate in

his own interests to ensure that the e\-

perience which he gains is such that his

talents will be developed completely. He
must realize at the outset that the ex-

periènce that he gains in the first ten

years after university will have a very

important bearing upon his success in

the approximately thirty years of Pro-

fessional life after that. He should weigh,

then, any position he accepts in the light

of the experience that he is going to

gain in that position, .should not allow

any .slight monetary gain to persuade

him from accepting the position which
will be most rewarding in experience.

If he finds that, in the position which
he accepts, he is not getting the ex-

perience which he expected to get, or,

which is best suited to him, he would
be doing himself and his employer a

favour if he sought other emplo>Tnent

which would give him the experience he

wishes. He should look carefuUy at this,

however, before changing positions and

seek the guidance of a more sénior en-

gineer. He may find, for example, and

it is usual in younger engineers, that

he is developing but that he set his sights

a little high. This is a good thing, and
is to be encouraged, but he should not

expect his employTiient to be just a train-

ing ground for him. It is important, too,

that the graduate de\ elop and maintain

an interest in his work. He must always

be learning and if he finds that he no
longer needs to study to keep up with

his work, then he had best take a good
long look at himself and at liis job. be-

cause he is not developing at the rate

that he should.

Duties Towards Profession and Public

The graduate has an obligation. as

well, to the profession. L^pon graduation,

he has spent approximately se\'enteen

years in academic pursuits. He must

now assure his elders that he is com-

petent to practise, and he must do this

by first of ali learning by experience to

put the principies he learned in univer-

sity into actual practice, and then b\

presenting his credentials to his elders.

so that he ma>' be accepted hy them
into the profession. Regardless of whether

he be in British Columbia or in an>

province in Canada, he should, as soon

as possible after graduation, obtain regis-

tration as a professional engineer.

He should study the Code of Ethics

of the profession and uphold that code.

for therein are contained the rules of

conduct by which he must lixe his pro-

fessional life. He should be proud of his

profession, and should serve as a good

example to the public of the members
of his profession.

Finally, the engineer has an obligation

to the commimit>'. This obligation is last

only chronologicalK". and not in hiipor-

tance. The graduate engineer must, in his

early years after graduation. expend his

major effort in getting himself estab-

lished and in de\eloping liis owii pro-

fessional life. Once he has be?n estab-

lished, howe\ er, he must lend his talents

to the community at large and take an

active interest in communit>- affairs. such

as education, ci\ic affairs and welfare

acti\ ities. He has reoei\ ed the benefit of

the higher educational s\stem in our

country, and he must be prepared to

pay back some of the di\ idends.
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News of Other Societies

Steel Fabricators Meet

The largest meetíng of the Canadian
Institute of Steel Construction in the

history of C.I.S.C. was held on May 22
and 23, 1959, at the Seigniory Club,

Montebello, Que., with over 230 people

attending. Mills were well represented,

both Canadian and American, in ad-

dition to ali Canadian steel fabricators.

These officers were elected at the

meeting: president, W. A. Hepburn,
vice-president, John T. Hepburn Ltd.,

Toronto; vice presidents, G. E. Ellsworth,

president, Toronto Iron Works Limited,

Toronto; E. A. Ford, vice-president, mar-

keting division, Dominion Bridge Co.

Ltd., Montreal; R. Raitblat, president.

Standard Iron and Steel Company of

Canada Ltd., Montreal; honorary treas-

urer, F. R. Murray, manager, Truscon
Steel Company of Canada Ltd., Mont-
real.

General manager of C.LS.C. is D. C.

The Chemical Institute of Canada
held the 42nd annual conference at Hali-

fa,x, N.S., May 25-27, 1959.

In the technical program speakers re-

ported on recent advances in chemistry

and chemical engineering. Some of the

topics were: manufacture of basic petro-

chemicals; advances in câncer research

and diagnosis of vírus diseases with the

aid of new techniques of tissue culture;

"science fairs" as a means of encour-

aging the work of high school students

in science; methods of codfish preserva-

tion; the program of outdoor testing

sites to study weathering of building

materiais; the uses and handling of

fluorine; storage of strontium-90; new
work on metabolism using radioactiva

carbohydrates; dietary supplements which
prevent formation of kidney stones in

cattle; use of low grade Canadian ores

to replace imported ores to make ferro

alloys for steel manufacture; advances in

câncer research due to new techniques

of tissue culture; crude oil as raw ma-
terial for petrochemicals.

The C.I.C. annual awards to members
of the chemical industry were announced
and presented ( where possible ) at the

annual meeting.

Fellowship in the C.I.C: awarded to

twenty nine chemists and chemical engi-

neers, from twelve cities. They were:

S. D. Cavers, G.G.S. Dutton, R. Stewart,

H. G. Khorana, Vancouver; S. A. Brown,
E. J. Wiggins, Saskatoon; S. G. Davis,

Edmonton; M. Cohen, W. H. Cook,
R. J. Cvetanovic, O. E. Edwards, D. S.

Beam, m.e.i.c. There are three regional

engineers.

Committees of the C.I.S.C. reported

to the annual meeting. President W. A.

Hepburn reviewed the past year. Its 49
fabricator-members employ 18,000 Can-

adians and have total assets in excess of

$350 million. He expects the Institute's

activity in the next 12 months to surpass

that of the last year. This, viewed with

the brighter business forecast, reflects

the vitahty of the industry as a whole.

Some of the subjects dealt with in

papers on the program were: PubLc
Relations for the Steel Industry, by Wal-
lace Harper, Assistant Executive Vice

President, American Institute of Steel

Construction, Inc., and

Competing materiais — a Challenge to

Management, by Robert E. Willmot,

Sales Manager, Structural Shapes, Beth-

lehem Steel Co.

Montgomery, Ottawa; R. M. Butler,

C. T. Steele, J. L. Tiedje, G. A. Olah,

W. H. Arison, Walkerville; W. E.

Gnnnmitt, Chalk River; S. E. Jack,

J. K. N. Jones, Kingston; R. H. Pearce,

London; A. L. Tosoni, Toronto; H.

Favre, D. A. I. Goring, A. Sehon, A.

Taurins, Montreal; A. Cholette, I. Cam-
eron, Quebec.

C.I.C. Medal: awarded annually for out-

standing contributions to chemistry, this

year to Richard H. Manske, director of

research, Research Laboratories, Dom-
inion Rubber Co. Limited, Guelph, Ont.

Ogilvie Fellowship: — first award made
to Robert R. Matsuo of Winnipeg, for

research in cereal chemistry.

Montreal Medal: — presented in recog-

nition of significant leadership to Thor-

bergur Thorvaldson of Saskatoon, fomier

dean of the College of Graduate Studies,

University of Saskatchewan.

Officers Elected

E. Gordon Young, Director, Atlantic

Regional Laboratory, National Research

Council, Halifax, N.S., was elected presi-

dent of the Chemical Institute for 1959-

1960. William N. Hall, president, Dom-
inion Tar and Chemical Co., Limited,

Montreal was elected vice-president.

Newly elected councillors taking office

at this meeting, to complete the slate

of 36 councillors, were: A. C. Cuth-
bertson, Sackville; B. A. Fairbairn,

Dmmmondville; W. M. Campbell, Chalk

River; B. A. B. Clark, Toronto; C.

Sivertz, London; H. V. Kidd, Brandon;

B. H. Levelton, Vancouver; M. R. Feely,

Toronto; Paul E. Gishler, Edmonton;
K. J. McCallum, Saskatoon; C. E. Coke,

Montreal.

Calendar

Institute of Power Engineers. 1959 Can-

ada Power Show, October 1-3, Toronto,

Ont.

Mexican Society of Soil Mechanics. First

Panamerican Conference on Soil Mech-
anics and Foundation Engineering, Uni-

versity of México, México City, Septem-

ber 7-12, 1959.

Soeiete Francaise de Metallurgie (25, rue

de Clichy, Paris {9e)). Journées Métal-

lurgiques d'Automne, Paris, October 19-

24, 1959. Gas in Metals is the theme.

British Interplanetary Society. Tenth
congress of the International Astronau-

tical Federation, Church House, West-
minster, London, August 31 to Septem-

ber 5, 1959.

International Council of Societies of In-

dustrial Designs. Congress, Stockholm,

September 16-18, 1959.

Associate Committee on Soil and Snow
Mechanics of the National Research

Council, Canada. Thirteenth Canadian
Soil Mechanics Conference, at Nova
Scotia Technical College, September 10-

11, 1959. Information from E. Penner,

Division of Building Research, N.R.C.,

Ottawa 2, Ont.

Canadian Good Roads Association. An-
nual Convention, September 22-26,

1959, Vancouver, B.C.

Massachusetts Institute of Technology.

Two-week summer program on "The
Shear Strength of Soils"; August 31 to

September 11, 1959.

Community Planning Association of Can-
ada. National Planning Conference, Sep-
tember 13-16, 1959, Sheraton Mount
Royai Hotel, Montreal, Que.

American Meteorological Societ>'. Con-
ference on Stratospheric Meteorology,
Minneapolis, Minn., August 31, Septem-
ber 3, 1959; Conference on Weather
Modification bv Artificial Means, August
27-29, 1959, Denver. Colorado.

McGill University. Seminar on .\rctic

and Stratospheric, Meteorolog>', July 27
to August 7. 1959, Stanstead College,

Stanstead, Que., Enquiries to Prof. F.

K. Hare, McGill Uni\ersity, Montreal.

Chemical Institute Conference
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«COLD SURFACE" CRITERION WASTES MONEY!

How J-M engineers determine
economic insulation thickness

to give you more for your insulation dollar

OvER-ALL cost of thc opcration should

always be the determining factor in se-

lecting insulation tiiickness. Yet, millions

of dollars have been wasted because of

rigid adherence to the cold surface tem-

perature method. When Johns-Manville

insulation is applied, J-M engineers care-

fully determine which thickness will pro-

vide the greatest operational savings.

And this "economic thickness" is usually

more for less) than the cold surface

method indicates.

Here's how it works. The annual cost

of the heat loss through the insulation is

plotted for various thicknesses. Also

plotted is the annual cost of insulation.

A third curve is then drawn as the sum of

heat loss and insulation cost. The eco-

nomical thickness is found where this

third curve reaches its lowest point.

To arrive at the above figures in a

given instance requires the following; 1.

Cost of heat production per million Btu;

2. Rate of heat loss through insulation in

Btu per unit área per hr; 3. Ann
hours of operation; 4. Applied cost

insulation per unit area; 5. Rate

amortizai ion and required return on

the insulation investment cost. Items 2

and 4 are available from the insulation

manufacturer; others are normally sup-

plied by the plant engineer.

For more complete information. call

or write Dept. IA, Canadian Johns-

Manville Co. Ltd., Port Credit, On-

tário. Ask for reprint of technical

article "Select Economic Insulation

Thickness."

1-4034

JOHHS-MANVUie

Johns-Manville
PR.ODUCTÍ
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LIBRARY NOTES

ADDITIONS TO THE INSTITUTE LIBRARY* REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prepared by the Library, The Engineering Instítute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Library in New
York.

"expansion machine for low
tempebature processes

Following a brief history of the devel-

opment of engines for refrigerative pur-

poses, there is a discussion on low teni-

perature refrigeration systenis; engines

and turbines for gas liquefaction, and
expansion engines in low temperature

systems. These systems are considered in

relation to their application to many low
temperature processes. (S. C. Collins and
R. L. Cannaday. Toronto, Oxford, 1958.

112p., $2.00.)

•the CONTEMPORARY CURTAIN WALL: ITS

DESIGN FABRICATION, AND ERECTION

A manual covering various aspects of

curtain wall systems. It analyzes and
evaluates the walls, their functions and
malfunctions, component parts, materiais

and installations. Tables and lists give

known data on insulating efficiency, fire

resistance, dimensional stability, and
similar factors. Pitfalls are pointed out,

known solutions outlined, and accepted
good practice specified. Many drawings
are given to show construction details,

and photographs are included to illus-

trate contemporary examples of the cur-

tain wall. (W. D. Hunt. New York,

Dodge, 1958. 462p., $12.75.)

'construction accounting .and

financial management

Proper accounting and management
procedures are related to the basic oper-

atíonal patterns of the construction fimi.

Topics discussed are prejob procedures,

purchasing policies, change orders,

vouchering, control of receipts and dis-

bursements, classification of accounts,

financial statenients and reports, audit-

ing, insurance, and business machines as

well as other aspects. Practical reasons

are given to indicate why procedures

that are standard in other businesses are

either not used or are sharply modified.

(W. E. Coombs. New York, Dodge,
1958. 490p., $12.85.)

'the analysis of grid fra.meworks and
RELATED STRUCTURES

Presents a practical method of cal-

culating the distribution of bending mo-
ments, deflections, etc, in a variety of

structures such as bridge decks, inter-

connected beams, cantilevers, and
arches. The first part deals with com-

monly occurring structures which can
be analyzed by means of plotted coeffi-

cients, while the second is an analytical

section containing the derivation of

these coefficients and the application of

the method to more complicated prob-
lems which cannot be solved in general

terms. A concluding section describes

experimental work on model and large

scale structures which provide confirni-

ation of the accuracy of the methods
described. (A. W. Hendry and L. G.
Jaeger. London, Chatto and Windus,
1958. 308p., 50/-.)

"dynamics and nonlinear MECHANICS

The first part of the book surveys

modern analytical progress in the treat-

ment of problems relating to the dyna-
mics of rigid bodies and celestial

mechanics. The second part outlines the

current knowledge of the analysis of

non-linear oscillating systems, and dis-

cusses general methods, methods of ap-
proximations, oscillations in nearly

linear systems, and relaxation oscilla-

tions. Volume II in "Surveys in Applied
Mathematics". (E. Leimanis and N. Mi-
norsky. New York, Wiley, 1958. 206p.,

$7.75.)

"maTHEMATICAL ASPECTS OF SUBSONIC
AND TRANSONIC GAS DYNAMICS

The author is concerned with a lim-

ited part of the theory of compressible

fluid flow: two-dimensional steady po-
tential flows. Mathematical methods are

emphasized rather than the physical

problems themselves, and the "applica-

tions" of fluid dynamics as a souTce of

mathematical concepts are stressed. Par-

ticular attention is paid to existence and
uniqueness questions for subsonic and
transonic flow problems. Volume III in

"Surveys in Applied Mathematics". (L.

Bers. New York, Wiley, 1958. 164p.,

$7.75.)

"some ASPECTS OF ANALYSIS AND
PROBABILITY

Presents four aspects of the subject.

The first is functional analysis and in-

cludes topological linear spaces, Banach
álgebras and group representations.

This is followed by a survey of com-
binational analysis which deals with
methods of enumeration, theorems on
choice, and the existence and construc-

tion of designs. The concluding sec-

tions cover abstract hannonic analysis

and recent advances in probability the-

ory, including sums of independent ran-

dom variables, general random elements

and functionals of random functions.

Volume IV in "Surveys in Applied Ma-
thematics". (I. Kaplansky and others.

New York, Wiley, 1958. 243p., $9.00.)

"numerical analysis and partial
differential equations

The first portion of the book deals

with recent developments in numerical

analysis, which is viewed by the author

as a means of devising and evaluating

numerical techniques for computers.

Emphasis is placed on Russian contri-

butions to this field. The second part

studies the work which has been done
in linear partial differential equations

since 1953. Methods are given which
are applicable to wide classes of equa-

tions, and in most cases results are

stated in the form of definite theorems
for the sake of easy reference. Volume
V in "Surveys in Applied Mathema-
tics". (G. E. Forsythe and P. C. Rosen-

bloom. New York, Wiley, 1958. 204p.,

$7.50.)

LE BRUIT DE FOND

The first of a series of electronics

books to be issued by this publisher, this

volume deals with background and ran-

dom noises. The authors commence with

basic experiments in the field, the work
of Schottky and Nyquist, and basic laws.

Other topics covered include sound
transmission in passive and active net-

vi'orks; noise index; photoelectric cells,

and amplification by secondary emission,

semi-conductor noise; mathematical rep-

resentation; Information theory and the

calculation of probabilities. References

for additional reading add to the value

of this \ery useful volume. (P. Gri\'et

and A. Blaquiere. Paris, Masson, 1958.

495p., 6,500 fr.)

CALCULATEURS ANALOGIQUES REPETITIFS

Concerned with the problems of

repetiti\c differential analysis, the first

part of the book discusses tlieorj-, the

principies of sohing matliematical prob-

lems with differential equations by the

analog method. The second section is

concerned with the elements of the

calculation, and complete installations.

Particular attention is paid to non-
linear equations. The last section dis-

cusses applications of this type of com-
puter in the solution of ordinary

differential equations and integral equa-
tions, and high-speed computing tech-

niques. There is a useful bibliography.

(Rajko Tomovic. Paris, Masson, 1958.

186p., 3,000 fr.)
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• LIBRAHY NOTES

PHOBLEMS DE GEOLOGIE SOUS-MAHINE

As tlio author points oiit, knowlcdge
of thc floor of the ocean is important

for huinsi of cables and pipe-lines, de-

\elopment of harbours, disposal of

radio-active wastcs, etc. Thc first sec-

tion of the book considers the geology

of the "Prócontinent", tlie área of the

Continental Shelf, its geology, its boun-
daries, and sedimentary deposits. The
second section covers the area more
imniediate to the shore, cliffs, coast-

lines, estuaries, and sandy beaches.

(lacques Bourcart. Paris, Masson, 1958.

Í23p., 980 fr.)

°ETUDE d'uNE plaque RECTANGULAIRE
RAIDIE PAR DEUX POUTRES DE RIVE

A theoretical and experimental study

of the resistance to stress of thin rec-

tangular plates reinforced by paiallel

supporting beams. The problem is first

studied niatheniatically and a formula

for determining the deflection and
bending of plates under vertical loads

is obtained. The second part describes

an experimental study on the basis of

this formula, utilizing a steel model.

The results of the tlieoretical and ex-

perimental studies are then compareci.

\umber 7 in the series Cahiers de la Re-

cherche Théorique et Expérimentale sur

les Matériaux et les Structures. (Z.

Hashin. Paris, Eyrolles, 1958. 141p.,

(2,795 fr.)

ROCKET PHOPELLANTS

The author is manager of the Special

Projects Section of the Southwest Re-
search Institute's Department of Chem-
istry, and in this volume he presents

the history of rocket fuel development,
and basic information of today's rocket

propellants. It includes information on
the composition, manufacturing mediods,
and performance details of solid- and
liquid-propellants used in rockets, and
on propellant burning, ignition and
igniters, and the rockets using each
kind of fuel. There are also chapters

on safety in manufacturing, quality

control, and the future of propellants.

Bibliographies are included in each
chapter. (F. A. Warren. New York,

Reinhold, 1958. 218p., $6.50.)

CHEMICAL ENGINEERING PRACTICE,

VOLUMES 5 AND 6

These two volumes continue the dis-

cussion of chemical engineering opera-

tions and processes involving fluid sys-

tenis begun in volume 4.

Each chapter is written by an expert.

Volume 5 deals with the transportation

of gases and liquids; high pressure ves-

sels; vacuum production; liquid-liquid

systems; and distillation. Volume 6

covers liquid-gas systems; fluidization

and fluidized beds; multicomponent gas

systems; líquid-solid systems, leaching,

colloids, filtration, centrifuging; solid-

vapour systems, sublimation and va-

cuum freeze drying.

The series will be completed in

twelve \'olumes. (Ed. by H. W. Cremer.
Toronto, Butterworth, 1958. v.5, 695p.
V.6, 600p. ea. $17.50.)

TEN STEPS INTO SPACE

A series of semi-teclmical lectures on
astronauHcs sponsored by the Franklin
Institute in 1958. The lectures covered
the history of space tra\'el; the prin-

cipies of rockets and rocket fuels; satel-

lite instrumentation; satellite orbits; tlie

Explorer; the atmospheres of \'enus and
Mars; space medicine; space travei. The
authors are ali experts in their respec-

ti\e fields. (Philadelphia, Franklin In-

stitute, 1958. 202p., S4.00.)

THE DETERMINATIOX OF XITROGEX
IN STEEL

Another of the special reports issued

by the Iron and Steel Institute, this re-

port is concerned with the two metliods

in use for determining the nitrogen

content of steel. The first section deals

^\•ith chemical detemiination, and de-

scribes the methods emplo>ed. results

obtained on the steels examined, a di?-

cussion of the results, and a proposeJ.

standard method.

The vacuum-fusion method is con-

sidered in part two, the factors affect-

ing tlie accurac>' of the method. and a

depend on

DART

f Two
Bronze Seats

Ground to a
True Ball Joint

lART UNION COMPANY OF CANAD

rr

CINCH
ANCHORS

STRONGER THAN THE BOLT

ir

íf

i
The completely relíable expansion Anchor

Manufacturei) in Canada solely by

CANADIAN CINCH ANCHORING SYSTEMS
LIMITED

2095 Madison Avenue, Montreal

Dato book — stress tobles on request
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Goodyear announces

n3
multi-V belts

GOODYEAR IS FIRST to solve the biggest problem

in belting multiple drives—mis-matching is now

a thing of the past ! goodyear hy-t v-belts

bearing the green seal provide new dimensional

stability . . . now for the first time 7natched belts

stay matched.

GOODYEAR HY-T V-BELTS are sinewed with Triple

Tempered (3-T) Cords made by Goodyear's ex-

clusive process that brings synthetic cord to its

peak of greatest strength and stability, to pro-

vide 40% higher h.p. ratings than ordinary belts.

Goodyear s 30years ofexperience is available to you through

the Goodyear Technical Serviceman. Cotitact him at—
Aíoncton, Saint John, Quebec City, Montreal, Toronto,

London, Windsor, Winnipeg, Regina, Saskatoon, Calgary,

Edmonton, Vancouver, or Head Office, Neu' Toronto.

OIMENSIONALLY STABLE V-BELTS with the GREEN SEAL by

good/Vear
THE GREATEST NAME IN RUBBER



Our Company was privileged to

supply

DRI-FLO ORIFICE METERS
and

RELIÁNCE REGULATORS
to measure Natural Gos and

Control Gas Pressure at the

BRANDON GENERATING
STATION

For prompt assistance in your
measurement, regulator and

control problems, consult

your CANADIAN METER
representative.

• LIBRARY NOTES

discussion ot the resiilts, and the two
nietliods are compared. There is a

special section dealing with the chem-
ical determination of nitrogen in ferro-

cliromiiim. Many of the results of the

tests are piesented in tabular form.

(London, Iron and Steel Institute, 1958.

146p., 37/6.)

"piles, culees et cintres des ponts

This study of the piers, abutments,

and arches of bridges begins with a

short essay on the aesthetics of bridges.

It then discusses piers and abutments
and their resistance to various kinds of

stress. A section on their erosion fol-

lows based on studies of the ruins of

bridges. The main types of arches are

then decribed and the book concludes
with a study of the materiais used in

bridge construction including wood,
concrete, and metais. (J. R. Robinson.
Paris, Dunod, 1958. 316p., 3,600 fr.)

SURVEY OF MINES, 1959

This 408-page basic reference book
reports that Canadian mining is pre-

paring for greater mineral demands of

expanding industry throughout the

world.

It provides details on ali active min-
ing companies in Canada as well as

thousands of others, and includes 22
pages of up-to-date maps of important
mineral áreas, an eight-year price range
of stocks, mineral production tables go-
ing back to 1858.

Beside data on Canadian mines, the

book also includes stock commission
rates, lists of milling plants and metal
prices. (Financial Post, Toronto, 1959.

368p., $4.00.)

ELASTICITY AND PLASTICITY

A study of the mathematical theories

of elasticity and plasticity, stressing

modem trends in analysis. Emphasis is

placed on the contributions made by
Russian authors to this field, and exten-

sive bibliographies are given. Volume I

in "Surveys and Applied Mathematics".

(f. N. Goodier and P. G. Hodge, Tr.

New York, Wiley, 1958. 152p., $6.25.)

ENGINEERING LAVV, 5tH ED.

Many textual re\'isions ha\c been
made in this edition, and citations of

recent judgements added. The chapter
on "Professional Engineering" has been
iiioved to the beginning of the book,
ind chapters have been added on legal

problems in mines, oil and gas wells,

and pipe lines, public utilities and pub-
lic health. The aim of the book is to

prcsent a simple treatment of tlie legal

aspects of engineering undertakings and
responsibilities. Most of the judgements
cited are based on common law, and
only occasional reference is made to

the Quebec Civil Code. (R. E. Laidlaw,

C. R. Young and A. R. Dick. Toronto.

University Press, 1958. 461p., $6.95.)

KEMPE S ENGINEERS YEAR BOOK

This sixty-fourth edition has, as

usual, been thoroughly revised, and the

sections on flow metering and mech-
anical testing, refrigeration, and paints

rewritten. Additional material has been
added to many of the se\'enty-nine chap-

ters, including that on Mechanics which
now includes the fundamental formidae

dealing with motion of missiles and satel-

lites, and escape \elocity. Practically

every branch of engineering is co\'ered.

(Ed. by C. E. Prockter. London, Morgan
Bros., 1959. 2 vols. 85/-.)

BETOX PRECONTRAINT. T.2 CONSTRUC-

TIONS HYPERSTATIQUES

The first volume of Guyons well-

known work on prestressed concrete

was concemed primarily with general

problems. This second and final \-ol-

ume deals primaril>' with beams and

beam assembly, and certain tj^pes of

slabs.

In the first part of the book the ap-

plicable elastic metliods of design are

discussed in relation to the calculation

of beams, ares, etc. The second part is

a criticai examination of these elastic

methods, and their results compared
witli those obtained by other metliods.

The final chapter presents a method of

calculation of breaking point. (Y. Gu\ or,.

Paris, Eyrolles, 1958. 818p.. 9684 fr.

VXIVERSITY MATHEMATICS, 2nD ED.

Intended for a first->"ear course

pure mathematics, this \olume cove

ali branches with the exception of pn
jective geometry. The material is take

from the sjllabus of the London Uu
\ersit>' science degree. Many worke
exaniples are included, as are the

swers to the problems found at the en

of each chapter. (Joseph Blakey. Loa
don, Blackie. 1958. 582p., 35/-'.)

"nomography

Discusses tlie methods of construc

ing nomograms along with a thoroug

presentation of the imderhing theor

Except for two chapters, only a knov

edge of anaK tical geometr>- is requirei

Topics co\ered include detenninant

projectixe transforniations, matrix mu
tiplication, more than three \ariable

ompirical nomograph>\ Kellogg s med
od, and nonprojecti\e transformation

(L. I. Epstein. New York. Interscieno

1958. 134p., $4.50.)

THE WORLD .ALMANAC, 1959

The amount of infonnation in

Almanac is, as usual, amazing.

e\ents of 1958, both U.S. and worli

wide, are reported. The usual info:

tion is included on Sporting c\eni
^

chronology, population and geograpliio-

al statistics, etc. No librar>- should be

without it. (Ed. bv H. Hansen. Now
York. \\'orld-Telegram, 1959. 89(^r

.

$1.50.)

"field inspection of bvildixc

constrvction

Following a discussion of the job

the inspector, se\eral chapters 0(i\ rHead Office :
LIMITED Western Diviíton

:

Milfon, Ontário Edmonton, Alberta

Sale» Office» olio a! Colgory, Montreol, Regina ond Voncouver
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\ .irious phases of construction: the pre-

liminary, foundation, structural fram-

iitj, intermediate, and finishing stages.

Hocause of the complex problems of in-

-pecting concrete work, a special chap-

ter is devoted to these materiais. Re-

-ponsibilities are defined and explained

for such matters as quality of materiais,

nuality of workmanship, coordination of

work by different trades, schedules,

^torage of materiais, provision of Util-

ities and services, safeguarding of work
111 place, and safety precautions. (T. H.

McKaig. New York, Dodge, 1958. 352p.,

1.35.)

HYDROLOGY FOR ENGINEERS

Emphasizes practical, well-tested

Mifthods for the application of hydrol-

i'4y in engineering. Techniques are

^tressed which utilize correlation meth-

íls and eliminate judgment to the max-
11num possible extent. Topics covered

lie weather, precipitation, streamflow,

I \ aporation and transpiration, ground-
\\ ater, runoff, streamflow routing, fre-

luency and duration studies, sedimen-

tation, and application of hydrologic

techniques. (R. K. Linsley, Jr. and
otliers. Toronto, McGraw-HilK 1958.

340p. $9.20.)

"nuclear engineering handbook

A comprehensive survey of nuclear

theory and of nuclear engineering prin-

cipies and techniques. Aspects covered
include nuclear data, nuclear physics.

1 \perimental techniques, reactor phys-

ics, radiation and radiológica! protec-

tion, control of reactors, fluid and heat

flow, reactor materiais, chemistr>' and
chemical engineering, nuclear power
plant selection, mechanical design and
' iperation of reactors, and isotopes. The
naterial is presented on a practical

ii \ el for engineers interested in the in-

ilustrial uses of nuclear energy. (Ed. bv
H. Etherington. Toronto, McGraw-Hill,
1958. Various paging. $25.00.)

MAN THE MAKER

A history of technology and engineer-

ing in which power resources, transpor-

tation, communication, metallurg)-, tex-

tiles, glass, chemical technology and
some aspects of civil engineering are

covered. The inventions of prehistory,

of the Ancient East, the Greeks and
Romans, the Arabs, the Middle Ages,

the sixteenth and seventeenth centuries,

the Industrial Revolution, and the

modem era are also discussed, as are

the relationships of the inventors to each
period. (R. J. Forbes. New York, Abe-
lard-Schuman, 1958. 36.5p., S5.00.)

"electhomechanical energy
conversion

The fundamentais of analytical dyna-
mics are used to establish a base for

understanding the interactions in an

electro-mechanical system. The first

part of the book stresses dynamics, in-

terconnected systems, and feedback

control theory, while the second part

gives detailed and .specialized treat-

ments of transducers, commutator ma-
chines, induction machines, and syn-

chronous machines. To illustrate the

unity that exists in the analysis of ma-
chines, a two-phase model of an
electric machine is developed and its

equation of motion derived and used
in ali the machine analyses of later

chapters. (D. C. White and H. H.
Woodson. New York, Wiley, 1959.

646p., $12.50.)

°THE POTENTIAL THEORY OF UNSTEADY
SUPERSONIC FLOW

A systematic survey of aerodynamic
forces which result from unsteady mo-
tion of the structural components of

high speed aircraft. Beginning with a

discussion of the basic equations of po-

tential flow in their exact and approxi-

niate forms, the author develops the

available methods of solution, and ap-

plies them to typical supersonic wing,

slender body, and wing-body combina-
tions. Illustrative calculations are given

for harmonic motions such as occur in

dynamic stability and flutter problems,

and also for transient motions as in

gust entry. (J. W. Miles. Toronto, Mac-
millan, 1959. 220p. $7.65.)

"analyses of INDUSTRIAL OPERATIONS

Case studies that show the actual ap-

plication of quantitativa methods to the

analysis of industrial operating prob-

lems. The studies included are arranged

according to method of analysis, and
sections are given dealing with applica-

tions of linear programming, other pro-

gramming applications, waiting line ap-

plications, total cost and value models,

and applications of incremental anal-

ysis. The studies selected are intended

to illustrate the simplifications, as-

sumptions, method modifications, data

needed, action, and results associated

with operations analyses. (Ed. by E. H.
Bowman and R. B. Fetter. Homewood,
111., Irwin, 1959. 485p., $9.55.)

"SEMICONDUCTOH ABSTRACTS VOLUME
IV 1956 ISSUE

This volume covering the literature

of 1956 and some of 1955, has been
expanded by the inclusion of abstracts

of unpublished papers presented at

meetings of the American Physical So-

ciety and the Electrochemical Society.

Abstracts are arranged by subject area

and cover germanium; silicon; carbon,

selenium, and other elemental semicon-

ductors; intermetallics; sulfides, sele-

nides, and tellurides; oxides; halides;

organics; theory. An author and sub-

ject Índex is pro\ided. (Compiled by
Battelle Memorial Institute. New York,

Wiley, 1959. 456p., $12.00.)

(conlinued on Page 153)

MADE IN CANADA
. . . to serve

Canada's dynamic
construction industry

1 Buy Canadian 1

REINFORCING STEEL BARS f?
-—"^^

SPIRALS FOR COLUMN REINFORCEMENT
j

BURLINGTON STEEL CO., LTD.

r
HAMILTON, CANADA
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Employment

Bulletin

No. 59-7

EMPLOYMENT
SERVICE

SITUATIONS WANTED
MECHANICAL ENGINEER, Jr.E.I.C, B.E.,
1951. age 37, married, veteran. Seeks
position requiring inltiative, organiza-
tional ability, dependability, and with op-
portunity for advancement. Experience
includes planning, design, layout, esti-
mating, development, production super-
vision. Presently employed In pulp and
paper industry but will consider other.
Located Atlantic Province. File No.
{025-W.

PROFESSIONAL MANAGER, M.E.I.C.,
P.Eng. (Ont.). B.A.Sc. iMechanical),
M.B.A., Canadian born, age 38. Presently
employed sénior management levei. Dé-
siré general management or sénior indus-
trial sales position. Presently located
Central Canada but willing to locate
anywhere. Your confidence respected and
fuU resume supplied. File No, 5549-W.

MECHANICAL ENGINEER, M.E.I.C., age
34, married. Varied experience including
prcject, maintenance and mechanical
design engineering in several fields. Seeks
change to interesting position where past
experience could be best utilized. Would
prefer to locate in or near Montreal or
Vancouver, or in Ontário, but other loca-
tions considered. A detailed resume of
experience and technical qualifications
etc, is available upon request. Located
Prairie Province. File No. 4659-W.

CIVIL ENGINEER, N.S.T.C., 1951,
Jr.E.I.C, P.Eng. Que., married, 37 years,
bilingual. Three years' experience in gen-
eral contracting, one year in smelter
construction, four years marine and in-
dustrial design and construction and
eight years' pre-graduate experience in
hydro-electric and heavy industrial con-
struction. Desires responsible position
with Consulting engineering firm or gen-
eral contractor as resident or project
engineer. Available upon reasonable no-
tice to present employer. Presently
located. Central Canada. File No, 5035-W.

PROJECT ENGINEER, Jr.E.I.C, P.Eng.,
(Ont.), B.A.Sc., (Mech.Eng.), U.B.C., 1951,
age 37, married, two children, Canadian.
Presently employed, Latin America, re-
turning Canada August, 1959. Eight years
petroleum refinery, petrochemical plant
experience, including equipment inspec-
tion; piping, vessel, structural design
involving programming of selected prob-
lems for a high speed digital computer;
development of major refinery expansion
projects. Seeks position with responsibil-

ity, good prospects for advancement.
Located Scotland. File No. 5126-W.

MECHANICAL ENGINEER, P.Eng., Jr.-
E.I.C, Grad.I.Mech.E., age 28. Experience
includes five years comprehensive train-
ing rubber industry. Special purpose ma-
chine design, plant layout, two years gas
turbine, fuel equipment. Also project and
field engineer on diversified hydraulic
schemes, construction and research. Pres-
ently design, estimate engineer, plumbing,
heating. ventilating systems. Seeks per-
manent position in small or médium
development organization. Presently lo-

cated Central Canada. File No. 5456-W.

EXECUTIVE CIVIL ENGINEER, M.E.I.C
,

A.M.I.C.E., M.A. Cambridge, English born.
Canadian cítlzen, 36, married, one child.
15 years' heavy construction, engineering
experience in Canada, U.K., Africa,
United States, Middle East. Presently in
top construction management position.
Particular experience in water, hydro
dams, road work. Desires association with
company engaged or contemplating con-
struction or engineering, West Indies,
Caribbean, Central, South America, for
assignment on long term basis. Ambitious
energetic, seeks position with executive
ability requirement, corresponding com-
pensation. Resume, references on request.
Located Central Canada. File No. 5521-W.

MECHANICAL AND MARINE ENGINEER.
P.Eng., M.E.I.C, M.I.E.S., M.I.Mar.E.,
experience: organization, administration,
University Courses both subjects. Many
years Naval, Merchant ships experience,
including Salvage operations. Certified
First Class Foreign-Going, Steam. Diesel.
Good knowledge contractual work, su-
pervision tests, trials, repairs, new con-
struction, workshops. Actual technical ex-
perience most types boilers, turbines,
turbo-electric, diesel, diesel-electric, diesel
hydraulic. Resume of experience and
education sent on request. Located Cen-
tral Canada. File No. 5534-'W.

ENGINEERING PHYSICIST, Jr.E.I.C,
P.Eng., (Alta.), U. of T. 1956 Geophysics.
Aged 26, single, present location Prairie
Province. Three years' experience in
seismic exploration business. Also some
experience in other geophysical methods.
Mathematically inclined and desires chal-
lenging position in research or the field
of applied mathematics. File No. 5552-W.

B.Sc. IN MECHANICAL AND AGRICUL-
TURAL Engineering, Jr.E.I.C, P.Eng.
(Ont.), age 33, married. Experience in
agricultural implement design: process air
systems including compressor design,
ducting, and instrumentation; equipment

selection, plant layout, optical alignment.
and engineering speclfications; supervi-
sion of draughting, manufacturing, and
installation. Desires position in mechani-
cal design, industrial engineering, or Con-
sulting. Locate anywhere, Toronto area
preferred. Present location Central Can-
ada. Available on short notice. File No.
5554-W.

CIVIL ENGINEER, Jr.E.I.C, B.A., B.A.Sc.
(Lavall, Prof. Eng. Que., 1955, bilingual,
married, varied engineering and some
administrative experience, seeks employ-
ment with industry or consulting firm.
Present location: Eastern Quebec. Willing
to relocate anywhere in Quebec. File No.
5572-W.

MECHANICAL ENGINEER, Jr.E.I.CJ
P.Eng. (Ont.l, McGill, 1951, age 34, vetl
eran, single. Experience with large elec8
trical manufacturer. Four years as manu-
facturing engineer. At present in design
field. Business Administration studies.
Seeking challenging position. Location
preference Toronto or Montreal. File No.
5576-W.

GRADUATE CIVIL ENGINEER, S.E.I.C .

B.Eng., age 27. E.xperience: 1 year lectur-
ing — demonstrating, civil engineering
courses. 1 year structural Steel design
and reinforced concrete design. 1 year
structural steel and reinforced concrete
construction. Located — Central Canada.
File No. 5577-W.

CHEMICAL ENGINEER, Jr.E.I.C. P.Eng.
lOnt.i, B.Sc, Queens 1955, age 27. Three
years' supervisory experience in nuclear
reactor operations. Desires development
work. Returning to Canada at the end of
August, after a year in the U.K. Detailed
resume on request. File No. 5581-W.

GRADUATE MECHANICAL ENGINEER,
Jr.E.I.C, age 35. Specialized in ship power
plants, speaks French and Italian fluent-
ly, good knowledge of English and Ger-
man. Seeks permanent position in Can-
ada. Presently working as sénior design
engineer in a leading Swiss manufacturer
of boilers and industrial, domestic íur-
naces. File No. 5583-W.

ELECTRICAL ENGINEER, Jr.E.I.C.
P.Eng., N.S.T.C. 1951. Single, age 39
Applicable experience (5) years" servíce
and maintenance on power apparatus.
electronic controls. Post graduate auto-
matic control studies at McGill Univer-
sit.v. Naval artificer during war. Would
desire appropriate position, temporary or
permanent in Canada. Present location
Central Canada. File No. 5587-W.

ELECTRICAL ENGINEER, P.Eng. (Que
bec) with sound background in commun.
cations. automatic instrumentation anc
data processing seeks to join consulting
firm engaged in industrial, power devel-
opment," electrical or Communications
work. Particulars and references on re-
quest. File No. 5589-W.

MECHANICAL ENGINEER, S E I C , grad-
uate University of Saskatchewan 1957.

age 24, married, one child. Experience
consists of 2 years with the armed forces
as a construction engineering officer.
Work includes supervisioii of ali engineer-
ing maintenance, operation, new construc-
tion, alteration of buildings, facilitie?

and services. Desires position in heatn-.

c

and ventilation field or administrati\
field where an engineering backgroun.
would be an asset. Present location Mari-
time Province. File No. 5590-W.

CHEMICAL ENGINEER, Jr.E.I.C. P.Eng.
(Ont ), McGill 19.'i5, age 26, married. Can-
adian. Presently employed in Latin Am-
erica, returning to Canada August 1959.

THE ENGINEERING INSTITUTE OF CANADA
This Service is operafed for the benefit of members of the Engineering
Institute of Canada and for organizotions employing engineers.

SITUATIONS WANTED
Advertisements ore inserted free of chorge for members of ali classes.
Maximum length is 60 words, and repeat inscrtions must be separatcly
requested in writing for each desired appeorance.

SITUATIONS VACANT
Rate: Síx dollars per column-half-inch per insertion.

Replics to odvertisements should be addressed to the file number, Employ-
ment Service, 2050 Mansfield Street. Montreal. Interviews with the Em-
ployment Service may bc arranged by calling VI 2-5078 at the above
address.
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CANADIAN DEVELOPMENTS (Continucd fwm page 100)

Refrigerants in Construction

The use of refrigerants to freeze a

subsurface area and thus avoid danger

of subsidence was adopted in a Cana-

dian National Railway project in

Montreal. The job consisted in re-

moval of a 140 ft. length of centre

supporting wall and two roof arches

inside the central station end of the

Mount Royai rail tunnel, erection of a

single reinforced concrete arch in

their place, and rearrangement of

some 1,800 feet of track.

To avoid danger to foundations of

adjacent large buildings, soil stabiliza-

tion by mechanical refrigeration of-

fered technical advantages. In an area

measuring 80 ft by 50 ft., comprising

some 80,000 cu. ft. of unstable soil

below Street levei, the Foundation

Company of Canada, acting as con-

tractor to the C.N.R. installed an in-

tricate system of inter-connected

pipes. The system carried ten tons of

refrigerated methanol solution, freez-

ing the ground to a depth of 18 to

20 feet. Before excavation and during

vvork on the tunnel, the methanol
flowing through the pipes was cooled

by Freon 12 fluorinated hydro-car-

bons to a temperature of 10 degrees

below zero F.

Moncton Classification Yard

Canadian National Railways has

called for tenders for constmction of

a diesel shop at the Moncton hump
yard. Measuring 263 feet by 340 feet,

the diesel repair and service installa-

tion will be patterned on similar shops

in Montreal and Edmonton.
The $15 million electronic classifi-

cation shop yard in Moncton will be
the eastern installation in the C.N.R.

chain of new freight marshalling yards.

Steel Pile Celi Dock

Uncommon use of steel sheet pile

cell dock construction in the Great

Lakes has succeeded, it is reported.

An L-shaped dock constructed by
Dravo of Canada Limited, Toronto,

at Millhaven, Ont., for Liquefuels

Limited, has three 35-foot diameter

mooring cells, connected by struc-

tural Steel walkways. A 450-foot

berm allows access from the shore.

The walkway and berm carry a 10

inch fuel pipeline to unload tankers.

The Millhaven tank farm, which
has a capacity of 500,000 barreis,

has a direct line leading to the ad-

joining Terylene plant of Canadian
Industries Limited.

Westinghouse Scatter System

Canadian Westinghouse dcNeloped"

the long-range communication sys-

tem — super-high frequency "scatter"

communication equipment which is

being supplied to the U.S. Air Force
for use in the Bomarc project. This is

part of $10 million contract awarded
the Westinghouse Electric Corpora-

tion in the U.S.

Canadian Westinghouse is also

supplying to the U.S. Air Force scat-

ter commmunications equipment
which will go into service in a tac-

tical system.

Correction!!

A mistake was made on page 90
of the May issue of The Engineering
Journal. The sentence reading, "Hud-
son Bay Mining & Smelting closed

early in 1958, but it is expected to

re-open early in 1959." should have
read: "Britannia Mining and Smelting

closed early etc, etc."

CORRECTION from February issue of The Engineering /oi/rnaZ concerning K. D. Sheldrick. (see authors page).

In 1942 he joined the Canadian Army, serving in R.C.E.M.E. in the regular army until 1946, and in the

reserve from 1950 to 1958. In 1958 he retired as Commanding Officer of the 3rd Technical Regiment R.C.E.M.E.,

CA. (Militia) with the rank of lieutenant colonel.

In 1946 he retumed to the Bailey Meter Company.
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íBANKI
FACf

CUENT:
Brown Boveri (Canada) Limited

LOCATION:
St, Johns, Quebec

CONSULTING ENGINEERS:
T. Pringle & Son Limited

NUMBER OF FRANKI CAISSONS:
441 Displacement Caissons

DESIGN LOADS:
90 tons

DEPTH OF CAISSONS:
Averoge Driven Length — 41'

Average Concreted Length — 28'

TYPICAL BORING LOG

SOIL DESCRIPTION

SURFACE

BROWN SANDY LOAM

BROWN SANDY CLAY

SOFT BLUE CLAY

DEPTH

O'

SOFT, SILTY BLUE CLAY,

SOME ROCK PEBBLES

I

SILTY CLAY

MIXED WITH GRAVEL

30'

literature-This series of job highlights, as well

as othet descripâve literature, will be sent

to you upon request to Franki of Canada Ltd,,

Franhi Caissons Overcome
High Water Tahle Prohletn

Problem

With the water table found at only 18' beiow the surfa

it was essential to find a foundation which would redi

the cost of a fairly deep excavation. It was also necess

to transfer heavy column loads to a suitable stratum

order to avoid differential settlement.

Solution

The decision was made to use 441 Franki displacem

caissons of a design load of 90 tons each; ali resting v

their expanded base on rock. Uniform bearing was achie'

under each caisson, thereby eliminating the possibility

differential settlement. High cost of excavations w

connpletely avoided.

OF= O/XIMADA LIIVIITED
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KENT
ORIFICE PLATES

FOR
FLOW MEASUREMENT

OF
STEAM - GASES - LIQUIDS

VISCOUS FLUIDS

Individual plates or complete

carriers custom desígned and

made to suit your fiow requirements.

GEORGE KENT (Canada) LTD.
Heod Office and Manufacturing Plant

389 Horner Avenue, TORONTO 14, Rh. CLifford 9-1177 kentH
tONTREAL: 1176 Sherbrooke St. W , VI. 2-4339
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ANNUAL GENERAL MEETING
(Contiiuied from Page 103)

inij, Past-President Ira Macnab liad

desfiibed tlie mo\'e to confederation

as tlie biggest inteipretation oí what
engineeiing is and what it stands

for. And Professor Long's appeal had
been anticipated b\' tliat alert octo-

genarian, Dr. Lillian Gilbreth, Hon.
M.E.I.C., addressing student dele-

ga tes tlie day before. Aware that the

intensive development of engineer-

ing knowledge and techniques im-

poses a need for earlier and more
thoroiigh specialization, Dr. Gilbreth

stressed the importance of finding the

right girl to marry and delegating to

her some of the responsibilities in

the human relations field. Rather

more seriously, she concluded that

there is really just one answer: life-

long learning.

On the eve of the ballot on con-

federation the profession was un-

doubtedly taking stock of itself. The
societies that speak for the engineer

contemplate the prospect of their

fusion with an evident awareness that

this union is for adults only. And the

attainment of majority, for the group

as for the individual, implies much
more than mere self-administration.

With maturity comes social respon-

sibilitv.

E.I.C. CERTIFICATE OF ADVERTISING MERIT

A jnry consisting of fifty readers of

the Journal, voted the Imperial Oil

Gompany four-colour insert the best

in the April issue from the viewpoints

of ACGURAGY - INFORMATION -

ATTRACTION. It appeared on pages

33 and 34 of the issue.

The readers who served on the jury

were selected so that ali provinces

would be represented.

Each month the Journal mailing

lists are used for the selection of

names of jurors — five names are

selected, at random, from each provin-

cial listing. The selectees forward their

votes to E.I.G. Headquarters by mail.

The number of completed retiu"ns

by the jurors has been consistently

large since the award of certificates

was commenced at the beginning of

this year The latest returns bring the

average monthly number to fort>'-two.

It is the belief of the Institute that

this method of judging advertisements

in the Journal will be of value to the

readers as it will give the advertisers

a clear indication as to the type of

advertisement most useful and attrac-

tive to Ganadian engineers. The Insti-

tute is grateful for the co-operation of

ali readers who have served as jury-

men.

WINNING IMPERIAL OIL ADVERTISEMENT
The Imperial Oil four-colour, two-page advertisement was judged the best in the

April issue from the viewpoint of ACCURACY-INFORMATION-ATTRACTION.
A certificate to that effect has been awarded to the Company. The advertisement
was prepared and placed by the Toronto office of Cockfield Brown and Company.

fíOM SItfll IO (INISH

KifPAUfftO WIIH IKPERIW

CNE cm SOES II íll

f f J

E.I.C. ELECTIONS

AND TRANSFERS
A number of applications were pre-

senteei for consideration and on the rec-
ommendation of the Admissions Com-
mittee, the following elections and trans-
fers were effected at a meeting of council
on May 15, 1959.

Member: J. L. Ballantyne, Montreal; F. A.
G. Dreville, Montreal; G. G. Hatch, Tor-
onto; C. S. Kindersley, Calgar>-: D. C.
McMiUan, Moose Jaw; W. A. Orr, St.
Catharines; A. V. Prlce, New York; J. A.
Smith, Montreal; D. C. Stephens, Tor-
onto; J. G. Trimble. Montreal; K. R.
Warren, Jamaica; G. E. Waters, Montreal;
G. L. White, Montreal; L. M. Yarberry,
Montreal.

Júnior: D. M. Buchanan, Montreal; C. J.

Chang, Montreal; G. Lahaise, Montreal;
E. V. Leon, Montreal.

Affiliale: W. A. Young.

Júnior lo Member: A. E. Benn. Montreal;
L. R. Boutilier, Sydney; J. R. Burton,
Cornwall; W. M. Campbell, Kingston; C.
H. Murdoch, Montreal; W. Naumko, Tor-
onto; W. W. Popiel, Winnipeg; W. J.

Smith, Welland.

Student to Júnior: W. Larson. Montreal.

STUDENTS AD^DTTED

University of New Brunswick: W. M.
Sherrard.

University of Alberta: R. D. Cameron,
J. D. Mathews, S. B. Mellsen.

St. Francis Xavier University: D. J. G.
Heroux, J. M. Tremblay.

Daihousie University: D. A. Athanasso-
poulos, H. M. Leonard.

University of Toronto: F. E. Collins.
McGill University: G. B. Allan.

University of Manitoba: C. E. Lamont.

St. Mary's University: L. H. Mcintyre.
Nova Scotia Technical CoUege: J. C.

Martin.

University of Western Ontário: J. H.
Shortreed.

University of Sherbrooke: A. Giguere.

Imperial CoUege, London, Eng.: D. G. T.

Rees.

Student of C.P.E. Quebec: P. Lukas.

Applications through .\ssociations

By virtue of the co-operative agree-
ments between the Institute and the
Associations the following elections and
transfers have become effective: ,

ALBERTA
Member: A. Van Raalte; Júnior to Mem-
ber: D. M. Norum.

SASKATCHEWAN
Members: R. E. Bradfield, W. A. Burges>
C. J. Cameron, T. L. Cai-ey. R. A. Purv:>
W. A. Seedorf. P. M. Tyman; Júnior to

Member: B. H. Hamilton. R. S. Lane.
A. Masuk. A. I. Reed. K. H. \Vu; Student
to Júnior: G. C. Burns. D G. Delparit

G. Goos. K. C. Lukawitsky. V. E. Wor>
bev. J. E. Zuk; Students: M. Kotsakis. >

B. "Lotochinski, D. R. Unroe.

NOVA SCOTIA

Member: R. W. Archibald

MANITOBA
Member: V. W. Chorley.
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• LIBRARY NOTES
(Continued from page 135)

*DIE HEBEZEUGE. VOLUME I:

GRUNDLAGEN UND BAUTEILE, 5tH ED.

First of a three-volume set, this book
deals with the basic components of

craHes, hoists, etc, with the fundamen-
tal analysis and design of crane frames,

and with the electrical equipment for

hoisting machinery. Components cov-

ered are cables, chains, hooks and
shngs, shafts and bearings, brakes and
couphngs, gears and drives. Subsequent

volumes will cover cranes and other

types of hoisting machinery in greater

detail. (Braunschweig, Friedr. Viewig
and Sohn. 360p., 48.80 DM.)

*CIVIL ENGINEEHING CONSTRUCTION

Primarily concerned with construe-

tion problems rather than design. The
section on plant covers such equipment
as excavation and earth-moving, deep-

drilling, tunnel work, blasting, hoisting

and conveying, pumping and dewater-

ing, pile driving, diving and air-lock

equipment, and concreting. This is fol-

lowed by a section on construction

methods that deals with open excava-

tions, shafts and tunnels, foundations,

coffer-dams and caissons, timber and
concrete construction, steel structures,

bridges, roads, and river works. The
concluding section deals with planning

and organization of the project. (J. A.

Antill and P. W. S. Ryan. Toronto,

Ryerson, 1957. 626p., $15.00.)

*THE DESIGN OF PRISMATIC STRUCTURES

Based on articles published in "Con-
crete and Constructional Engineering",

this volume contains additional matter

to make the analysis of pitched-slab

prismatic structures more complete. As-

pects discussed include prismatic struc-

tures of one span, multiple-bay struc-

tures, continuous prismatic structures,

prismatic structures with sloping ends,

and slabs with small angular change. In

addition to the theoretical considera-

tions applicable only to such structures,

use is made of methods of calculation

developed for other branches of struc-

tural engineering. Some of these meth-
ods include solution by relaxation,

column analogy, moment-balance, and a

method of combining bending and di-

rect thrust. (A. J. Ashdown. London,
Concrete Publications, 1958. 85p.,

$2.10.)

'acoustics, noise and buildings

A guidebook to the technical problems
of acoustics from the standpoint of both
the engineer and the architect. It dis-

cusses the behavior of sound in rooms;
the design of rooms for speech and
for music; the design of radio and TV
studios; the design of high quality

speech-reinforcement systems; sound in-

sulation and noise control, including

criteria and practice; sound measure-

ment and calculation. (P. H. Parkin and
H. R. Humphreys. Toronto, B.B.S., 1958.

3.31p., $14.00.)

"mechanics—PART II : DYNAMICS, 2nd ed.

Among those a.spects of the subject

covered are kinematics; kinetics; force,

mass, and acceleration; impulse and mo-
mentum; and periodic motion. Appen-
dices deal with vector methods and mo-
ments of inertia. In the present edition

of this work various changes have been
made to make the book more useful.

Greater distinction is made between ab-

solute and relative motion analysis in

the chapter on kinematics, and greater

emphasis is placed on the formulation

of problems in particle kinetics by
means of the differential equation of

motion. In the treatment of work and
energy a new section on virtual work
is included which not only helps in

solving certain types of problems but
provides a stepping stone to advanced
theory. (J. L. Meriam. New York, Wi-
ley, 1959. 420p., $5.00.)

"noise in ELECTRON DEVICES

The papers contained in this collec-

tion are the result of a course on "Noise

in Electron Devices" which was held

at the Massachusetts Institute of Tech-
nology. They cover the general prob-

lem of noise due to thermionic emission,

the general circuit aspect of noise in

microwave tubes, some of the detailed

engineering solutions to the problems
encountered in the design of low-noise

traveling-wave tubes and space-charge

control tubes, semiconductor noise,

noise behavior of semi-conductor diodes
and transistors, and the principies of

low-noise transistor circuit design. In

general stress is placed on basic phys-

ical phenomena and mathematical theory

rather than on detailed design tech-

niques. (L. D. Smullin and H. A. Haus,
eds. New York, Wiley, 1959. 413p.,

$12.00.)

"SEMICONDUCTORS

A thorough survey of the physical

chemistry and fundamental physics of

senii-conductors, with emphasis through-
out on basic principies and phenomena.
Following a general discussion of the

subject, the authors deal with the phys-
ical chemistry of semiconductor systems,

the relationship between the chemistry
and the electrical and optical properties

of a number of semiconductors, and the

properties associated with semiconductor
surfaces. Heavy emphasis has been
placed on germanium and silicon, pri-

marily because they are much better

understood than other semiconductors.

(N. B. Hannay, ed. New York, Rein-

hold, 1959. 767p., $15.00. American
Chemical Society Monograph Series

Number 140.)

"quality control and industrial

STATiSTics, Rev. ed.

The basic principies and procedures
of statistical quality control are pre-

sented. Beginning with a section on the

fundamentais which covers probability,

frequency distributions, and sampling,

the author continues with sampling in-

spection and control charts. The con-

cluding part discusses statistical theory

pertinent to industrial research and in-

cludes the estimation of lot and process

characteristics, the theory of compari-

sons, analysis of components of vari-

ance, regression, analysis of covariance,

and design of experiments. In this edi-

tion practically ali of the material has

been revised and expanded. (A. J. Dun-
can. Homewood, Irwin, 1959. 946p.,

$10.80.)

"the radio amateur's handbook

A new edition of a well-known refer-

ence work which contains practical in-

formation on various phases of radio

Communications, including receivers and
transmitters of various power leveis.

Special methods of communication such

as single sideband and radioteletype are

also treated. The theory and practice of

mobile radio equipment is thoroughly

covered, and includes the fundamentais

of transistor power supplies. A special

feature is the section on vacuum tube

characteristics which provides one of the

most complete listings of characteristics

and tubebase diagrams available. (West

Hartford, American Radio Relay

League, 1959. 584p., $3.50.)

"mechanical design and analysis

The major part of the book consists

of wide and recent selection of indus-

trial case studies in machine design. The
author's intent is to relate the text to

specific design situations where the

problem precedes the theory, and may'
be solved in a variety of ways. An
analysis pertinent to each problem is

given, providing a clear and coordinated

background. Review material for the

most part has been omitted, but certain

topics which may not have been in-

cluded in more elementary texts have
been covered. These are limit dimen-
sioning, materiais to match job require-

ments, and repeated stress effects. (R.

R. Slaymaker. New York, Wiley, 1959.

418p., $9.50.)

"jET PROPULSION ENGINES

Presents the principies and problems
encountered in combining components to

form a complete engine. Following a

discussion of the basic concepts common
to most types of engines, the turbojet,

turboprop, ramjet, the intermittent jets,

and the solid propellant rocket en-

gines are then considered in turn. The
various sections on these engines ex-

amine those problems peculiar to each
involving performance, control, testing,

installation, and matching the various

components. Similar analyses are pre-

sented for two of the hybrid types, the

rani rocket and the jet rotor. Finally

the use of atomic energy in jet propul-

sion and other future prospects are con-

sidered. (High Speed Aerodynamics and
Jet Propulsion, Volume XII. O. E. Lan-
caster, ed. Toronto, Saunders, 1959.

799p., $23.00.)
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• LIBRARY NOTES

"design OF PHVSICS RESEARCH
LABORATORIES

Papeis dealinu witli \iirious aspects

of tU'sign, iiu-liulinsi prohlciiis in the

planiiinu of resoarch laboratories, trcnds

in tlio ilcsiiíii of American industrial re-

search fat-ilitics, services and facilities

froni the uscr's point of view, biiildings

and sor\ices froni the viewpoint of hib-

oratory maintcnance, and research on
tlie design of laboratórios. Numeroiis
íUustrations are inchidcd. The papers
were gi\'en at a syniposium held in

Enuland in 1957. (Tlie Institute of

Plnsics. New York, Reinhold, 1959.
lOSp., $4.50.)

°GUIDED MISSILE ENGINEERING

The basic principies and engineering
techniqnes of various scientific fields are

reviewed with particular emphasis on
their application to guided missile de-
sign. Various sections of the book cover
such fields as guidance theory, aero-

dynamics, electronics, airframe perform-
ance, computer systems, radio and
radar, and flight simulators. Systems
engineering aspects are stressed through-
out the book which attempts to place
in perspective the relationships between
specialized fields and overall missile

design. (Ed. by A. E. Puckett and S.

Ramo. Toronto, McGraw-Hill, 1959.

497p., $11.50.)

"hEATING, VENTILATING, and AIR
CONDITIONING CUIDE, 1959

A revised edition of a standard hand-
book which covers environment, com-
fort, and physiological principies; heat-
ing and cooling loads; room heating and
cooling methods and equipment; air sys-

tems and equipment; steam and water
systems and equipment; heat generating
methods and equipment; refrigeration,

spray apparatus, and sorbents; controls,

instruments and motors; and industrial
systems. Eive new chapters have been
added on high temperature water sys-

tems, the heat pump, evaporative ap-
paratus for heat rejection, evaporative
air cooling and humidification, and
snow melting. In addition extensive
changes have been made throughout the
volume. A feature of the guide is the
extensive references provided with each
chapter and a separately paged buyer's
guide of over four hundred pages. (New
York, American Society of Heating and
Air-Conditioning Engineers, 1959. 768p.,
•$12.00.)

"ROCKETRY AND SPACE E.XPLORATION

Following a brief, non-technical ex-

planation of the operation of rockets, a

complete history of their development
is given. The book begins with the
origins of rocketry in the 1930's and
continues with the Axis war rockets of

World War II, and such post-war de-
velopments as the Atlas, Titan, Thor,
Nike, X-15, Sputniks, Vanguard and

Explorers. Concluding chapters deal

with the efforts made towards interna-

tional cooperation in astronautics, and

with the work of such societies as the

American Rocket Society and the Brit-

ish Interi^lanetary Society. (A. G. Haley.

Toronto, Van Nostrand, 1958. 334p.,

$8.00.)

*SYMMETRICAL COMPONENTS
Presentation of the theoretical and

practical aspects of symmetrical compo-
nents as a means of determining the

performance of eléctrica! apparatus

under unbalanced loads. The methods
for calculating short circuits in com-
puting currents and voltages in poly-

phase systems during fault conditions

are explained in detail while other ap-

plications of symmetrical components
are examined, including regulation,

stability, and relaying problems of elec-

tric power networks. Stress is placed

throughout the book on the use of ma-
thematics and the corresponding phys-

ical interpretation as a means of achiev-

ing mastery of the subject. (G. O. Cala-

brese. New York, Ronald, 1959. 464p..

$12.00.)

* MATERIALS FOR ROCKETS AND MISSILES

Presents typical engineering data on
lightweight, high temperature materiais.

Existing metal and ceramic materiais

are surveyed and those materiais which
are expected to become available dur-

ing the next few years are indicated.

Materials are compared according to

their chemistries and selected physical

properties such as density, coefficients

of thermal expansion and conductivity,

elastic moduli, and impact strength. New
material fabrication processes, including

high temperature brasing, chipless pro-

duction, and unconventional macliining

techniques are also covered. Sheet,

wrought, and cast alloys with iron,

nickel, and cobalt bases are covered, as

are wrought and cast alloys of alumi-

num and magnesium, titanium alloys,

cermets, molybdenum alloys, and cera-

mics. (R. G. Frank and W. F. Zimmer-
man. Galt, Brett-Macmillan, 1959.

124p., $4.50.)

"the DESIGN OF LAND DRAINAGE WORKS
Papers on a variety of aspects of

flood protection and alleviation, ground-

water levei control, water conservation,

irrigation, and protection of low-lying

land against the sea. They are intended

to provide a concise reference for every-

day use by design engineers, and include

such topics as flood hydrographs, hy-

draulic calculations for channel improve-

ment schemes, flow in alluvial channels,

fhmiing for land drainage works, tidal

outfalls, automatic radial sluice gates,

land drainage pumping stations, and
earthen flood banks. Each paper is ac-

companied by explanatory notes that

serve both as an introduction to the

paper and as a means of supplementing

the Information contained in it. (R. B.

Thorn. Toronto, Butterworth, 1959.

235p., $7.00.)

"rELIABLE ELECTRICAL CONNECTIONS.
PROCEEDINGS OF THE THIRD EIA
CONFERENCE, 1958

The latest developments in the design

and application of electrical connectioiís

are discussed. The results of investiga-

tions are given in thirty-two papers deal-

ing with fixed connections, disconnect

connections, soldered connections, pres-

sure connections, wire-wTap coimections,

welded and ultrasonic connections. Sev-

eral papers cover aspects of connections

in relation to printed circuits. (New
York, Interscience, 1958. 286p., $7.75.)

"fILLER METALS FOR JOINING

A presentation of the factors in-

fluencing the choice of a filler metal

for any given metal joining situation.

AU of the recognized ferrous and non-

ferrous joining metais for welding, braz-

ing, and soldering are discussed. Avail-

able materiais are discussed in temis of

applicability, mechanical properties. and

degree of availabihty. The major portion

of the book is devoted to are welding

electrodes, while tlie remainder deals

with such topics as automatic welding

of niild and low alloy steels, the new
iron powder electrodes, recent develop-

ments in nonferrous metais, surfacing,

and tungsten electrodes. (O. T. Bamett.

New York, Reinhold, 1959. 244p., $7.00.)

"WEEDING OF PLASTICS

The physical and chemical properties

of individual plastics presenth^ used for

welded construction are discussed in re-

lation to their use in chemical and allied

processing. The \arious techniques of

welding used are also discussed, and

detailed procedures are given acconi-

panied by suitable illustrations. Features

of the \olume include complete cor-

rosion resistance tables and a concise

guide to the choice of an appropriate

plastic construction material. Two com-

plete chapters are de\'oted to design con-

siderations as they affect welded con-

struction, and to testing and evaluation.

(J. A. Neumann and F. J. Bockhoff.

New York, Reinhold, 1959. 279p., $7.25.)

"fundamental ASPECTS OF REACTOR
SHIELDING

Stress is laid on the fundamentais of

the subject, specifically the factors af-

fecting the permissible radiation le\c'-

the sources and characteristics of

radiation to be shielded against, and liow

bulk shielding measurements are made.

The book concludes with a detailed

anal>sis of the calculations necessar>- to

determine, theoretically or empirically,

the attenuation of neutron and gamni.i

rays in shield materiais. Although cer-

tain related fields such as radiation

biology and nuclear physics are oon-

sidered, a backgroimd knowledge on

the part of the rcader is assumed. ^H.

Goldstein. Reading, Addison-Weslo\

.

1959. 416p.. S9.50.)

E.I.C. Annual General Meeting, 1960, Winnipeg, Man.. May 25-26-27
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W. H. Sanders, nianager, data Communications and control,

The Hydro-Electric Power Commission of Ontário ( Head-
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Kerr-Addison Gold Mines, Limited, re-

placed forged steei grinding balis with
Ni-Hard cast iron grinding balis in this

bali mill shown at right, resulting in a

saving of 20.1% in overall wear . . .

cutting costs 14.8%.

Ni-Hard grinding rings used in thiscoal pulver-

izer outlast white iron three to five times.

NI-HARD cast iron

cuts costs and
reduces wear in

abrasive applicatíons
Ni-Hard is a nickei-chromium white cast iron with high abra-

sion resistance. It has many money-saving, wear-saving uses

in mining, power, cement, ceramics, paint, dredging. coal-coke,

Steel, foundry and other industries—where abrasion is a problem.

*Trade Mark

Ni-Hard paddles and liner used in cement block
mixing machines give better than six to one
service life over previous abrasion resistant

material.

This cement slurry elbow of Ni-Hard cast iron replaced
original equipment which had failed after three months"
service. The Ni-Hard elbow is still giving excellent service

after five times the service life of previous material.
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HEADQUARTERS

COMPUTATION CENTRE

FOR THE H.E.P.C. OF ONTÁRIO

The Design of the Data Communication Network

THE ONTÁRIO HYDRO is a

public utility which produces

and distributes electric power
throughout the Province of Ontário.

There are two distinct phases of

operation; the first is the provision

and deHvery in wholesale quantities

of electric power to municipal Utili-

ties and large industrial customers,

the second is the distribution of

power to the ultimate customer. The
distribution of power in most munici-

palities is conducted by municipal

Utilities. In rural áreas and in a small

W. H. Sanders.

Manager, Data Communications and Control Dept.,

The Hydro-Electric Power Commission of Ontário.

number of municipalities, the On-
tário Hydro operates and administers

the distribution facilities.

For administrativo purposes, the

Province is divided into nine regions

and the regions are subdivided into

103 rural operating áreas. While the

administration of the system is de-

centralized, certain áreas of data pro-

Chart 1. Time required to convert 900 ft. of paper tape to magnetic tape (excluding
handling time).

2.5

Ratio:
Magnetic Tape Characters
Paper Tape Characters

cessing are handled on a centralized

basis.

In August of 1955, the Commis-
sion authorized the establishment of

a team to study Electronic Data Pro-

cessing. The report of this study

team recommended that the Com-
mission centralize and integrate its

data processing, enter the field of

electronic data processing using a

large-scale digital computer, capture

input data on five chaimel punched
paper tape at the initial recording

(where economically possible) and
transmit this information by wire to

the data processing centre. The re-

ports of the system were to be
printed on high speed printers in the

processing centre and mailed to the

Area and Region offices.

The original concepts concerning

the application of electronic com-
puting machinery to commercial data

processing followed two divergent

paths, the information machine and

the production machine. The study

team recommended that the latter

concept be used and that informa-

tion be ordered prior to processing.

The data would enter the s>'stem

mechanically as a by-product of ini-

tial recording in a form not requir-

ing further human intervention with-

out destroying administrative and
financial controls. Area offices would
require the facility to enter data

into the processing s\'stem and to

produce a legible record. These
offices would then transmit the in-

formation to their respective Region
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V

officos. IIk' hausinissiou ol intonna-

tion in tliese niiu" iietwoiks woukl bi'

onc-\\ a\

.

Due to the lurge imniber of Area

offices, compareci to the niimber of

Hetjion ofíices, and the fact that 90%
ot the original data is numeric, econ-

oin\' coiild be obtained by liniiting

the Area office to the entry of nu-

meric data and requiring the Region

office to enter ali alphabctic data.

This wovild be feasible providing the

scheduling problem created by re-

(juiring alphabetic data to be mailed

to Region offices could be overcome.

The Region offices woiild be

equipped with tape-reading type-

writers to print out data contained

in the tapes received from Area of-

fices. This arrangement would pro-

vide the Region staff with the facili-

ties to audit the accuracy of data

forwarded to Head Office by exercis-

ing qnalitx' control using a statistical

sampling basis, and to assure that

onl\ legitimate data is handled and
that ali data is processed. These of-

fices would then relay Information

to the data processing centre.

The final stage in the data com-

munication network would be the

conversion of information from the

médium of punched paper tape to

the médium of magnetic tape.

Design of the System

The design of our data communi-
cation network was influenced by
the need to maintain the concepts

of decentralized administration, the

capabilities of the basic input devices

and the paper tape to magnetic tape

converter, and the requirement for

the detection and correction of

errors.

One of the primary functions of

an Area office is to provide custoni-

ers with service. If this function was
not to be disturbed, data transmission

would be random rather than

stringently scheduled. Information

would have to be identified as to

particular process involved and

I Ali possible combinations of word lengtfis

1 20
2 200
3 600
4 1200

II Excluding those
1

2
3
4

sorted prior to processing. This sort

could be carried out on the Com-
puter or prior to entering the com-
puter. If it were sorted on the com-
puter, ali data would have to be
converted onto magnetic tape be-

fore any data could be processed.

If the sort occurred before the con-

\ ersion to magnetic tape, certain data

could be given preferential treat-

ment in the conversion to magnetic

tape and one class of data could

enter the processing system while

another class was undergoing conver-

sion. Data which was late in arriving

in the processing centre could by-pass

the normal conversion procedure and
enter the central computer in time

for processing. It would be possible

to use more than one scheme of con-

version to magnetic tape. This would
permit error detection on the paper

tape converter and thereby start cor-

recting procedure at an earlier point

in the processing cycle, and would
reduce the time required for con\'er-

sion and the time required to initialh

read the magnetic tape on the com-
puter. It was decided to allow the

Area offices to transmit data in a

random order and to sort the data

prior to conversion to magnetic tape.

The numeric input device in our

data processing system is a Monroe
duplex auto-punch. Numeric data can

usually be segregated into data which
identifies and data which quantifies.

To detect errors in the keying of data,

the identifying data carries along

with it a check digit. This check digit

has the property that the identifying

data, including the check digit, is

some multiple of seven. Ali identify-

ing data is accumulated in one regis-

ter of the machine and totalled at

the end of each section of a message.

Quantitive data is accumulated in

the second register and also totalled

at the end of each section of a mes-

sage.

Prior to the transmission of the

message, the totais of both registers

are checked, the identifxing data

6 12

28 56
48 96
72 144

totais are checked for divisibility by
seven, while the quantitive data

totais are checked by accounting

Controls, i.e., total cash reported as

collected from customers agrees with

the total cash deposited in the bank.

After these checks have been per-

formed, the message is transmitted.

If an error was detected, a correc-

tion message is prepared which, in

the computer processing, will delete

the item in error and insert the cor-

rect information. Since the paper tape

message was prepared as a b>-

product of the initial recording, ali

correction messages must not onh
adjust the computer processing, the\"

must also adjust the original hard

copy to complete the information on

file in this office and thereby facili-

tate the auditing of accounts.

Provision has also been made to

correct information within the mes-

sage if the error is detected either

before the motor bars of the auto-

punch have been depressed or after

the motor bar is depressed but be-

fore the message is terminated. In

the latter case, the procedure is

similar to that of a correction mes-

sage.

Errors in the transmission of data

from the originating office to the

data processing centre in which a

decimal character changes to another

decimal character are detected in the

initial computer run b\" comparing
the arithmetic sum of the data re-

ceived with the transmitted sum.

Identif\ ing data which is common to

a number of items of data, such as

the particular process involved. date

and originating office, is not entered

into the accumulating registers. The
ease with which ke\ing and trans-

mission errors can be detected is

dependent upon the redundanc>" of

the data. To protect that numeric

data in which errors are not easih"

detected, the redundancy is increased

b>" the insertion of the 9"s comple-

ment. In this \\'ay, the information is

duplicated without the use of the

same keying configmation.

To detect the loss or gain of char-

acters during the transfer of data to

the computer and to simplify the

control mechanisms on the input

machines, the format of messages is

stricth- controlled. To detect the loss

or gain of a character in the bod\' of

a message, it was decided to trans-

mit information in groups of 60 char-

acters, each gioup to fill one line of

printing on the page printers. This,

in turn, meant that the length of a

line of printing was previictable and

could be automaticalh- controlled.

During the time required for the

combinations vvhere anv word contains less than 3 cliaracters

16 ^ 4 8
128 15 30
384 24 48
768 30 60

Table 1. Format Control.

Total No. of acceptahk
No. of words Total No. of combinations of word lengths

in item of -possible combinations
information of word lengths Area X Region Network Region X H.O. Network
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caniage to autoinatically leturn one
or tvvo characters could be iecei\'ecl.

lí these characters are non-printing

characters, there is no loss of infor-

matioii on the printed copy. If the

characters are printiiig characters,

o\'er-printing will occur, a condition

easily detected by visual inspection.

The auto-punch was designed to

punch one function coda character

preceding the digits entered in the

keyboard and another function code
character follovving these digits. These
additional characters are used to

identify which motor bar was de-

pressed and to control the papar tape

to magnatic tape converters and the

monitor paga printers. The function

code characters, follovving the entry

of information in either register of

tha auto-punch, ara non-printing

characters.

Within tha body of a message, each
line of printing must contain an in-

tegral number of entries into tha

accumulating registers and each line

contains 60 characters. To reduce the
time requirad for transfer of informa-
tion to tha computar, tha auto-punch
is equipped with two switches which
determine tha number of digits to

be punched when information is

entarad into one of the two registers

of tha machina.

Format control places a restriction

on the number of possible combina-
tions that can be transmitted. (See
Table I). It providas a fast visual

check that the operator has correctly

set tha input machina and characters
have not been lost or gained in the

transmission of data. It is also pos-
sible by visual inspection to datact
the larga majority of errors where
decimal character changes to other
than a decimal character.

One of the problems encountered
in the transmission of information is

the recaipt of a blank character. Ali

monitor page printers will space on
a blank. If the blank is an additional

character, spacing will distort the
format and is easily detected, but the
substitution of a blank for another
character is not easily detectable by
a fast visual inspection. Ali receiving

points are aquipped with blank de-
tectors. When a blank is received, the
transmission of the message is stopped
and the message is retransmitted.

Data is not only sorted by the

particular process involved, it is also

sorted by whether it is numeric or

alpha-numeric, and use is made of

the paper tape to magnetic tape con-

xerter to datect illegal characters.

In a parity check, one half of the

total number of possible coding com-
binations is legal and the other half

CASH MESSAGE—

O

)KKK(:T
* 108938 1108
*032280000õ
*0000000990
*602.5381100

? 00207802 +00003.510 #00209202
*002.54303 +00003107 #00200606
#00201404 +00003100 #00201901
? 00202 104 +00003248 #00202.300
#00202902 +00003937 #00203602
#0020660.5 +00000648 #00208600
#00209405 +00004976 #00209601
? 00209902 +00002492 #00211603
#00211806 +00004315 #00211904
#00213206 +00000405 #0021.3801
^00214.501 +00000607 #0021.5005
#00236600 +00002533 #00237.503
#00239106 +00002006 #00239.505
#00243201 +00003343 #00244202
#00245301 +00001.548 #00245700
#00251006 +00003451 #002.52000
#00252406 +00003532 #00252903
#002.54205 +00003.505 #002.55101
#002.54401 +00004085 *602.5381100

0012341259
+0000176264:
*0000000990
*502.5.381100

#00200102
#002.54905
#00246701
#00238805
*.502.5381100

0002792832
+0000026949:
*0000000990
* 127338 1100
#00242900

0000242900
+0000003000:

+00002492
+0000098(i
+0000.3221
+00004706
+000010.53
+00004.571
+00001408
+00002285
+00004963
+00002857
+00005611
+00004936
+00002371
+00003383
+00003059
+00003275
+00003667
+00001057

#00251405
^00200802
00202006

#00202601
#00204001
#00208705
#00209804
tT 0021 1701

#00213101
#00214305
#00215103
#00238602
#00240604
#0024.5000
#00246106
#00252203
#002.54002
#00206003

+00002857
+00003221
+00003653
+00003707
+00002776
+00004747
+00004342
+00002681
+00002438
+000071.50
+00004085
+00002819
+00004382
+00004120
+00003248
+00002479
+00002795
+00004455

+00003084
+00001462
+00007389
+0000.5019

+0000.3000

#00251300
#00239701
#00205604
#00242900

+00001.545
+00001.564
+00004374
-0000.3000

# 00208404 +00000675
#00240.506 + 00002162
#00210301 +()()()( )2()()0

#00253603 +00000675

427.3381100

CASH MESSAGE—ONE CHARACTER LOST IN LINE 14

* 108938 1108
*0322800005
*0000000990
*6025381100
T 00207802 +00003510 #00209202 +00002492 #00251405
#002.54303 +00003167 #00200606 +00000986 #00200802
#00201404 +00003100 #00201901 +00003221 #00202006
#00202104 +00003248 #00202300 +00004706 #00202601
^00202902 +00003937 #00203602 +00001053 #00204001
-00206605 +00000648 #00208600 +00004571 #00208705
= 0(12()'.I405 +00004976 #00209601 +00001408 #00209804
= 00209902 +00002492 #00211603 +00002285 #00211701
#00211806 +00004315 #00211904 +00004963 #00213101
#0021.306 +00000405 #00213801 +00002857 #00214305
00214.501 +00000607 #00215005 +0000.5611 #00215103
00236600 +00002.533 #00237503 +00004936 #00238602
00239106 +00002006 #00239505 +00002371 #00240604
00243201 +00003343 #00244202 +00003383 #00245000
0024.5.301 +00001.548 =00245700 +00003059 #00246106
00251006 +00003451 =002.52000 +00003275 #002.52203
0025240() +00003532 =01)252903 +00003667 #00254002
00254205 +00003505 #00255101 +00001057 #00206003
00254401 +00004085 *6025381100

00123412.59
+000017()264:
*0000000990
*.502.5.381100

= 00200102
= 002.54905
#00246701
#00238805
*5025381100
0002792832
+000002()949:
*0000000990
*1273381100
i 00242900

0000242900
+0000003000:

+00002857
+00003221
+00003653
+00003707
+00002776
+00004747
+00004342
+00002681
+00002438

+000071.50 #
+00004085 #
+00002819*
+00004382 #
+00004120 #
+00003248 =
+00002479 #
+00002795 #
+00004455 =

+00003084
+00001462
+00007389
+00005019

#00251300
#00239701
#00205604
#00242900

+00001545 #00208404 +00000675
+00001564 #00240506 +00002162
+00004374 #00210301 +00002000
-00003000 # 00253603 +00000675

+00003000 *1273381100
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illi-g.il. lu tlio paper tape to magnetic

tapo cDiuortcr, this lestiiction does

Mot appl\'. Auy code conihinations can

Ih- doclaiod legal or illegal.

Duiing the con\eision of luimeric

inessages, those characteis which can

be pioduced on the auto-punch, to-

gether with three characters re-

(luiivd to iiidicate the end of data

oii a magnetic tape, are legal and
are con\eited. Ali other characters

are considered illcgal, and the con-

\ersion stops. The paper tape is

nuu ktd and the rcmaining paper tape

is processed through the converter

to detect errors in this section. The
paper tape is returned to the com-
nmnication operators for correction.

In the conversion of alpha-numeric

messages, 60 of the 64 possible code

combínations are considered as legal

and this form of detection cannot be
applied. Excluding the blank charac-

ters, two of the remaining 62 charac-

ters cannot be obtained on the alpha-

nnmeric input machine, and are con-

sidered illegal combínations. One of

these two characters is a function

code on the numeric input machine.

This arrangement prevents the by-

passing of the illegal character tests

when converting numeric messages.

Data is organized in the Univac

system in fixed word lengths. The
paper tape to magnetic tape con-

verter changes the organization of

data from the variable word format

on paper tape to fixed word format

on magnetic tape. The speed of

conversion is a function of the ratio

of the number of magnetic tape

characters to the number of paper

tape characters. (See Chart I). It is

obvious that the length of time re-

quired to convert a given message
and the length of magnetic tape pro-

METEK KEADING MESSAGE—BLANK SUBSTITUTED FOR
A CHARACTER IN LINE 8

*1188571107
* 123 1702.574
#0008400 + 1742 #0000014 +0840 #0058506 +3850 #0000014 + 1160
#00.59703 + 1043 #0000014 +0300 #0063504 +0460 #0000014 +0360
#0072205 + 1488 #0000014 +0500 #0088900 +0539 #0000014 +0240
#0091301 +0411 #0000014 +0520 #0100303 +0679 #0000014 +0200
#0102704 +0528 #0000014 +0320 #0104006 +2697 #0000014 +0860
#0106302 +32 8 #0000014 +0720 #0107401 + 1962 #0000014 +0940
#0120904 +0634 #0000014 +0940 #0171003 +0000 #0000014 +0000
#0171703 + 1184 #0000014 +0780 #0172305 +3240 #0000014 + 1000
#0173306 +2641 #0000014 + 1040 #0174006 +0851 #0000014 +0640
#017.5203 +5298 #0000014 + 1320 #0175504 + 1304 #0000014 +0440
#0176106 + 1047 #0000014 +0340 #0176204 +2079 #0000014 +0720
#0176400 +4166 #0000014 +0700 #0201901 +0820 #0000014 +0100
#0204106 +0827 #0000014 +0100 #0345604 +0336 #0000014 +0640
#0410802 +4183 #0000014 +0200 #0418404 +8490 ?r 0000014 +0140
#0419706 + 1881 #0000014 +0700 #0423500 + 1028 #0000014 +0400
#042.5201 +0198 #0000014 +0660 #0425306 +4120 #0000014 +0520
#0425901 +2784 #0000014 +0580 #0009401 +8957 #0000014 +0300
#0430003 + 1415 #0000014 +0620 #0431102 +0704 #0000014 +0760
#0007105 +0270 #0000014 +0700
0007404439
+0000098414:

METER READING MESSAGE—BLANK ADDED AS AN
ADDITIONAL CHARACTER IN LINE 8

*1188.571107
*1231 702574
#0008400 + 1742 #0000014 + 0840 #0058506 +3850 #0000014 + 1160
#0059703 + 1043 #0000014 +0300 #0063504 +0460 #0000014 +0360
#0072205 + 1488 #0000014 +0500 #0088900 +0.539 #0000014 +0240
#0091301 +0411 #0000014 +0.520 #0100303 +0679 #0000014 +0200
#0102704 +0528 #0000014 +0320 #0104006 +2697 #0000014 +0860
tf 0106302 +3258 #0000014 +072 #0107401 + 1962 #0000014 +0904
#0120904 +0634 #0000014 + 0940 #0171003 +0000 #0000014 +0000
#0171703 + 1184 #0000014 + 0780 #0172305 +3240 #0000014 + 1000
#017.3.306 +2641 #0000014 + 1040 #0174006 +0851 #0000014 +0604
#017.5203 +.5298 #0000014 + 1320 #0175.504 + 1304 #0000014 +0404
#0176106 + 1047 #0000014 + 0340 #0176204 +2079 #0000014 +0702
#0176400 +4166 #0000014 + 0700 #0201901 +0820 #0000014 +0100
#0204106 +0827 #0000014 + 0100 #0345604 +0336 #0000014 +0604
#0410802 +4183 #0000014 + 0200 #0418404 +8490 #0000014 +0104
#0419706 + 1881 #0000014 + 0700 #0423500 + 1028 #9999914 +0400
#042.5201 +0198 #0000014 + 0660 #0425306 +4120 #0000014 +0707
#042.5901 +2784 #0000014 + 0.580 #0009401 +8957 #0000014 +0306
#04.30003 + 1415 #0000014 + 0620 #0431102 +0704 #0000014 +0765
#0007105 +0270 #0000014 +0700
0007404439
+0000098414:

duced can be reduced by employing
more than one conversion scheme on
numeric messages. Messages are

therefore sorted by the system em-
ployed to convert messages to the

médium of magnetic tape.

The format of data on magnetic
tape can be controlled by a sequence
of one, two or three characters. On
the assumption that an error can
produce any of the 64 characters,

the more important functions of the

converter are controlled by two or

three characters in sequence. Two
characters are used to activate the

start convert function and three char-

acters are used to activate the stop

convert function.

In the initial computer runs, the

format of the information on mag-
netic tape is checked, totais are

checked against the detailed data

and the indicative data is checked
for divisibility by seven. The validity

of the information is also checked
when the computer performs a cal-

culation or posts the information to

its files. If an error has occurred, the

office that originated the data is

notified and takes the necessary

action required to coiTCct this con-

dition.

Description of Equipment
and its Operation

Each Área office is equipped with

a Monroe duplex auto-punch, a

se\ens calculator, and a tape trans-

mitter. Numeric messages are pre-

pared on the auto-punch, the totais

of each register are checked, and
the paper tape is inserted into the

gate of the transmitter. If an error

vvas detected by checking the totais,

the error is isolated and a correction

message prepared. The transmitter is

automatically started by the control

equipment in the Region office when
the gate is loaded and automatically

stopped when the message has been
transmitted. If a break occurs during

the transmission, tlie transmitter

stops, the tape must be repositioned

to the start of the message and the

transmitter reset. Messages are nuni-

bered sequentially through a 00 to 99
cycle and are filed. At any point in

time, the originating office has on
file the previous 90 messages. The
first message transmitted each moni-
ing indicates the message number of

the last message transmitted the pre-

vious da\'.

Each Region office is equipped
with an automatic sequencing device,

an on-line and an off-line Lorenz
page printing reperforator, and a

transmitter. The sequencing device

automaticallv interrogates the Area
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offices until it locates an office which

has loaded its transmitter, the trans-

mitter is started and the message is

received in the form of page printed

copy and paper tape. The message is

checked for number sequence and
format. If acceptable, the paper tape

is inserted into the transmitter for

transmission to the data processing

centre. After transmission, the paper

tape is destroyed. (The hard copy
received is then referred to the

i Region office staff to check that the

appropriate authorization has been

I
obtained and that the proper account-

I

ing distribution has been made.)

If a break occurs, an alarm is

sounded, the sequencing device steps

to the next Area, and the paper tape

received from the first Area is de-

stroyed. If an error occurs in the

format, the paper tape is destroyed

and the Area requested to retransmit

the message. If on retransmission the

identical error occurs, it is assumed
that the original tape is in error.

If the error is such that the message
can be converted to magnetic tape,

the message is transmitted, other-

wise the Area is requested to pre-

pare a new message. In the former
case, the data processing centre is

informed that the message trans-

mitted is in error. The off-Hne Lorenz
machine is used to prepare alpha-

numeric messages based on informa-

tion received from the Area office.

Region offices follow procedures
similar to those in effect in the Area
offices for the preparation of mes-
sages. Each morning the Region
operator prepares a message for trans-

mission to the processing centre based
on a sequence control card which
lists the number of messages from
each location sent to the processing

centre the previous day.

Information is received in the data
processing centre on page printers

and on typing reperforators. The for-

mat is checked in a similar manner

to that used in the Region office.

Since sequence checking of messages

is no longer practicable, the messages

are tabulated by the type of message
and the originating office. When
sufficient tape has accumulated on
the reperforators (150 ft. to 200 ft.),

it is removed and the tape is inserted

into one of two readers on the sorter.

The sorter reads the paper tape and
re-cognizes the double character start

code, the four decimal digit message
classification, and the triple character

end code. Under the control of a

switching panei, one of seven

punches is energized and the message
reperforated. One sorter can handle
the output of between six and seven

incoming lines due to its speed of

operation and the nature of the data

sorted. The sorter, which operates at

eight times the speed of the incom-
ing lines, was designed to initially

recognize 50 different classifications

of data.

If the total of the messages in each
classification is of equal length, then

a 49-way sort could be accomplished
by reading each message twice. The
effective speed of the sorter would
be equívalent to four incoming lines.

By means of the switching panei,

any number of message classifications

can be directed to any particular

punch. Use is made of the fact that,

in a given day, the total of the mes-
sages in each classification is not

equal in length, by operating the

sorter such that each punch is used
for the same length of time. This

reduces the volume of traffic requir-

ing a second sort and effectively in-

creases operating speed of the sorter.

If the four decimal digits after a

message start code are not a legal

combination, the message is directed

to an error punch which is associated

with a transmitter and page printer.

Prior to removing the paper tape

from a punch, a special message is

passed through the reader and

directed to the punch. This message

will identify the end of data on mag-
netic tape. A similar message is used

prior to punching the first data mes-

sage on a roll of tape to indicate the

start of data on magnetic tape.

One reel of paper tape is then

converted to one reel of magnetic

tape. An error on a reel of paper

tape requires the ísolation of the

error, its correction and a rerun of

the conversion process. A reel of

paper tape contains approximately

100,000 characters and each sorter

processes approximately 10 reels of

paper tape a day or 10^ characters.

An error frequency of 1 in IO*' in the

sorter will produce one error a day,

and therefore the correction and re-

conversion of a reel of paper tape.

The sorter is equipped with mes-

sage counters on each punch and on
the reader. At the end of the pro-

cessing day, the tabulation of in-

coming messages by message classi-

fication is agreed to the message

counters on the sorter, while the

tabulation of incoming messages by
originating office is agreed to the

control messages received from the

Region offices. The initial run on the

Computer totais the number of mes-

sages on each input reel of magnetic

tape and these totais are agreed to

the sorter counters.

The hard copy from the page print-

ers is used to post a manual control.

Controls have been built into the

Computer system based on informa-

tion received by the computer. The
manual control checks that ali Infor-

mation received over the communica-

tion network was processed and that

ali messages rejected from the sys-

tem due to error have re-entered the

processing system. In certain circuni-

stances, the manual control will in-

dicate those offices which have not

prepared messages required for a

particular process.

Communications Between Regional Offices and the

Head Office and the Tape Sorting Operation

THE DATA Communication Sys-

tem of the Hydro Electric Power
Commission of Ontário provides the

means of transmitting data from the

H.E.P.C, area offices throughout
Ontário via the nine regional offices

to the head office in Toronto, sorting

it into categories, converting it from

S. J. Crossman. Supervising Engineer, Teletype Switching,

The Bell Telephone Compam/ of Canada, Montreal, Quebec

paper tape to magnetic tape and pro-

cessing it by a Univac computor. The
system also provides for the trans-

mission of administrativo traffic from
the head office to a number of the

regional offices.

The portion of the transmission

system between the area offices and
the regional offices is provided by
the telegraph companies and is de-
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scribed in anothcr paper. The poi tion

i)f tlie transinission system between

the regional offices and the head

otfice and the sorting of the infoima-

tion in eategoiies is provided by the

Bell Telephone Company and this is

the portion of the system described

in this paper. The electronic circuitry

which performs the sorting operation

is descrilicd in detail in another

paper.

Transmission from Regional

Offices to Head Office

At eacli ot the nine regional offices,

the data is a\ailal)]e in the forni of

five levei perforated paper tape. A
No. 14 transmitter distributor accepts

the paper tape and transmits the data

in the forni of electrical pnlses over

telephone company telegraph facili-

ties to the head office in Toronto at

the rate of 75 words per minute. At
the head office, each circuit is ter-

minated in a No. 14 reeeiving only

typing reperforator and a No. 28 re-

eeiving only page printer.

The No. 14 typing reperforator

reproduces the five levei perforated

paper tape containing the data and
also types the data on the tape for

Identification pmposes. The typing

reperforators are monnted on dravver

type shelves, stacked three in a

cabinet. Each drawer also monnts
a power-driven tape winder to

wind the tape as it is perforated.

Each tape winder is equipped vvith

an individua] visual and a common
audible alarm to indicate wlien ap-

proximately 200 ft. of tape lias been
wound. This length was decided upoii

as being a convenient length for sort-

ing. The typing reperforators are also

equipped with individual visual "low

tape" alarms to indicate when the

supply roll of tape to the reperfora-

tor has been perfoiated.

The No. 28 page printer produces a

printed page copy of the data being

received. This page copy is scanned

b\ an operator to clieck for transmis-

sion errors and is later discarded. By
suppressing printing on several char-

acters, a format of blocks of typing

separated by blank spaces is obtained,

v\'hich lends itself to a quick visual

check. Each page printer is also

equipped to light an individual visual

alarm when a "blank" character is

received. The "blank" character is

not used in the transmission of data

and is the character usually intro-

duced by a "hit" or an "open" in

transmission path.

Data Sorting Operation

The five levei perforated paper

tape being produced by each typing

reperforator contains data from a

number of area offices and one re-

gional office. This data includes sev-

eral types of information, such as

meter readings, pay-roll, stock, etc.

For economic reasons, it is desirable

that the computor have one type of

data programed into it for a given

period and so it was decided that the

data would be sorted into general

categories before the programing

operation. The tape soiier was de-

signed to meet this requirenient. It

performs the sorting operation by ac-

cepting perforated paper tapes from

the typing reperforators, with each

tape containing several types of in-

formation, and producing several per-

forated paper tapes, each of which

contains only the type or types of

information selected by the operator.

These output tapes are later con-

verted into magnetic tapes for pro-

graming into the computor.

The tape sorter sorts the data at

a rate of 600 w.p.m. The teletype-

writer circuits from the regional of-

fices are transmitting data at a rate

of 75 w.p.m. so that a tape sorter

unit will sort the output of seven or

eiglit circuits without introducing an

accumulating delay. Two tape sorter

units were installed to handle the

traffic from the nine regional offices

and to provide for growth.

Each tape sorter is a self-contained

unit mounting a 600 w.p.m. double

gate tape reader with two associated

tape unwinders, nine 600 w.p.m. tape

reperforators or punches with asso-

ciated high speed tape winders, a

tenth 600 w.p.m. tape reperforator

with an associated No. 14 transmitter

distributor, the electronic control

equipment, a control panei of one

hundred selector switches and the re-

quired power supplies, ali in a slieet

metal cabinet 14 ft. long, 2^2 ft. wide

and 5 ft. high. The reperforators are

monnted on the top deck of the

cabinet and co\'ered with a common
hinged cover to reduce noise. The
tape winders are moimted on a lower

deck under their associated reper-

forators. The electronic control

equipment is mounted in the bottom

of the cabinet in a pull-out frame-

work. The tape reader and the con-

trol panei of switches are mounted at

one end at a suitable height (see Fig.

!)•

The input device of the tape sorter

is the 600 w.p.m. double gate tape

reader. The transmission through

the tape sorter is on a sL\

parallel path basis to accommodate
the five levei code plus a "control"

levei. Each path consists of several

stages of storage ternied "shift regis-

ters". As the information is stepped

through these "shift registers" in suc-

cession, it provides a means of elec-

tronically looking at a number of

consecutive characters in a message

at an\- given instant. A visual display

of the signal in each storage register

is provided as a check of operation.

The output de\ ices of the tape sorter

are teu 600 w.p.m. tape reperforators

or punches. The sorting is done by

automatically selecting the appro-

priate reperforator to terminate the

transmission path through the tape

sorter.

The tape sorter could be built to

recognize codes of any niuiiber of

digits. For this application, it was

built to recognize four digit codes

which have the first t\\o digits be-

tween 00 and 99 and the last two

digits assigned to \erif\- the first two.

At present, it is equipped to recog-

nize 50 such codes. The codes are

assigned by a simple strappin.g on a

terminal board. Space was provided

to allow the tape sorter to hc

equipped to recognize 100 codes.

The control panei consists of 100

nine position switches arranged in

ten rows of ten for eas\ locating

Each switch corresponds to an

Fig. 1. Tape sorter.
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assigned four cligit code and the

nine positions of each svvitch corres-

pond to first nine output lepeifora-

tors. The programing is done by

setting each of the "code" switches

to a selected reperforator position.

By this means, any one or more of

the fifty types of messages as identi-

tied by an assigned code, can be

directed to any one of the first nine

output reperforators. Any message

iiot identified by one of the assigned

codes is automatically directed to the

tenth or "error" reperforator.

The sorting operation is per-

tormed by taking a 200 ft. reel of

[lerforated paper tape from one of

the t\ping reperforators which ter-

ininate on incoming circuit from a

regional office and placing it in one
of the two centre unwind tape reels

located adjacent to the reader of the

t(i))e sorter. As the reader is equipped
with two input gates, the tape can

he loaded into the idle gate and it

\\ ill be read automatically when the

tape being read by the other gate

IS spent. The spent tape is stored in

a bin under the reader. Each mes-
sage in the tape begins with the

characters "Figures D", immediately
tollowed by the four digit code
which identifies the type of infor-

mation contained in the message.

Each message ends with at least

three "carriage return function"

characters. As the reader reads the

tape, it steps the Information through
the shift registers. When the elec-

tronic control circuitry recognizes

that the last two shift registers con-

tain the "Figures D" combination, it

knows that the four preceding shift

registers now contain the four digit

code identifying the message. It

reads the code and connects to the

transmission path the output reper-

forator programed by the control

switches to receive messages identi-

fied by that particular code. When
the electronic control circuitry recog-

nizes that the last three shift regis-

ters contain the three "carriage re-

turn function" characters indicating

the end of the message, it prepares

to disconnect this reperforator. Upon
receipt of the "Figures D" charac-

ters heading the next message, it dis-

connects this reperforator and con-

nects the appropriate reperforator in

accordance with the new code. The
reader and each output reperforator

is equipped with a Veeder Root type

counter to indicate the number of

messages that have passed through

that unit.

The output tape from each of the

first nine reperforators is wound on
an associated power driven tape

winder which can wind up to ap-

proximately 1,000 ft. of tape. Each
reperforator is equipped with an
audible and visual "low tape" alarm

to indicate when its 1,000 ft. supply

roll of paper tape has been perfor-

ated and rewound on the associated

tape winder. The rolls of perforated

tape are removed from the tape

winders by the operator and are

stored in suitably designated film

type cans until they are to be read

by the "paper tape to magnetic tape"

convertor. The messages they contain

will then be transferred to magnetic
tape which will be programed into

the Univac computor.

A power driven tape unwinder is

provided which will hold the 1,000

ft. rolls of output tape from the

sorter. This aliows the output rolls

of tape to be rerun through the in-

put reader of the tape sorter to facil-

itate a resorting operation.

The output tape of the tenth or

"error" reperforator is fed directly

into a No. 14 transmitter distributor

and the messages are transmitted

automatically at 75 w.p.m. to a No.

28 page printer located at the su-

pervisors desk for investigation. The
spent tape is stored in a bin under

the transmitter distributor.

Transmission of Admínistratíve Traffíc

Outward transmission of adminis-

trative traffic from the head office

to a number of the regional offices is

being provided by using full-duplex

teletypewriter facilities between these

points. Full duplex operation permits

the transmission of information in

two directions simultaneously over

the telegraph facility. In this case,

administrative traffic can be sent out

from the head office to the regional

office while data is being sent in

from the regional office to the head

office on the same facihty. At the

head office, one gate of a No. 1 mul-

tiple gate transmitter distributor is

assigned to the outgoing side of each

full duplex facility. A No. 1 multiple

gate transmitter distributor is a unit

equipped with three independent

transmitting gates on a common base

and driven by a common motor

which provides a more economical

arrangement than individual No. 14

transmitter distributors when a num-
ber of transmitting units are re-

quired. At the head office, the ad-

ministrative messages are prepared

in tape form and inserted in the

appropriate gate of a multiple gate

transmitter. At the regional office.

the receiving side of the full duplex

facility is terminated in a No. 28
page printer which produces page
copy of the message.

Miscellaneous

At the head office, one gate of a

multiple gate transmitter is used to

send into a room circuit terminated

by a No. 14 typing reperforator and
a No. 28 page printer. The arrange-

ment is used for tape checking pur-

poses. Additional items of teletype-

writer equipment are provided at

the sorting centre for maintenance
spares and ali items of line equip-

ment and facilities appear on a jack

panei to facilitate patching and inter-

change of units. A double-beam oscil-

loscope and a transistor test set are

the only pieces of special test equip-

ment required for maintenance in

addition to the usual test meters and
telet>pe\\ riter maintenance tools.

The Tape Message Sorte]

John Rywak
Northern Electric Research and Development Laboratories,

BelleviUe Branch; BellctiUe, Ontário

IN THE FEW years of semicon-

ductor history, development of

switching circuits largely has been
directed towards high speeds as de-

mandcd by the computer designers.

The relatively slow speeds of data

handling suitable for general indus-

trial uses have not attracted as much
attention. Perhaps the tendency is to

look for semiconductor applications

in fields where up to now large

quantities of vacuum tubes have been
used. Computers, of course, are in

this category.

The tape message sorter is an in-
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diistiial application of semiconductor

logic circviits. It was first developed

for the Bell Telephone Company of

Canada and installed at the Ontário

Hydro Electric Power Conimi.ssion's

coniputation centre in Toronto.

Coded data is received at the centre

froni the varions regional offices on

the normal 75 word per minute tele-

t\pe\\riter facilities. Because the

eomputer does not have provision for

sorting or categorizing of the data

prior to processing, a separate sort-

ing machine was required. Further-

inore, since there are several incom-

ing lines the sorting has to take place

at a considerably faster speed to

keep up with the traffic.

The tape is manually removed
from the receiving apparatus, of

which there are several, and fed into

a tape reader. The reader, operating

at 600 words per minute, inserts the

coded data intact into the sorter

where the messages are identified

and directed to one of several reper-

forators which make new tape. Each
reperforator, or punch, can be as-

signed to accept one or more cate-

gories of data. If there are more
varietíes of messages to be sorted

than there are punches available, any
punch can be assigned to accept the
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Fig. 1. Diode conversion matrix

LEVEL
NO 1

LEVEL
NO 2

LEVEL
NO 3

LEVEL
NO -

4

LEVEL

surplus and the new tape then can

be sorted. Since the message identi-

fication code is always reproduced

on the new tape, any number of re-

sorts is pennissible.

Some general problem considerations

Because the sLx character code by

which a message is identified has to

be reproduced by the selected reper-

forator, it is necessary to direct the

Fig. 2. Block diagram of route selection logic

SHIFT PULSE INPUT

TO THYRATRON
FIRING CIRCUIT

COMMON INPUT TO ALL OTHER
5 INPUT "AND" GATES

TO PUNCH SELECTOR SWITCH

DIRECTION OF TRAVEL
SAMPLE TAPE
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message through a form of delay for

a six character duration, so that the

appiopriate punch can be selected

during this delay period prior to

read-out.

Since the punches require 120 v.

for operation, it was necessary to

use relays for punch selection. But

because relays require an appreciable

portion of the character interval for

their operation, an auxiliary storage

of one character duration was neces-

sary, which comes into effect only

during message switching.

Although facilities for eight reper-

forators only were required, it was
necessaiy for the circuits to be flex-

ible enough for addition or deletion

of reperforators without affecting

the general operation of the sorter.

Keeping constant phase relation-

ship among punches is difficult.

Mechanical coupling could be pro-

vided, but the system would not per-

mit easy exchange of punches or

stopping of a given punch while
others were running. Therefore, it

was required that the readout cir-

cuits could be brought under conbol
of any punch, in any order, with any
phase relation between reader and
punches.

It was necessary that the read-out

and ali the selecting and switching

functions be performed while the tape

is being read-in at a constant speed.

That is, the tape should not stop

during route selection and switch-

ing. It was also desirable that the

facilities for circuit adjustments be
kept to a minimum.

The following sections of the paper
describe in some detail the more im-
portant circuits and the functions

they perform. Space does not permit

FLIP-FLOP

ON I50> >. 150 OFF

. 18 18
^

>4 7 4-7^

:3-9 3-9 5
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Dl GATE D3
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68 < T-25
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-20

7

-20

SHIFT PULSE
INPUT

Fig. 3. One state of shift register

a complete description of ali circuits,

but it is hoped that the coverage

given will be sufficient to give the

reader some appreciation of the oper-

ational philosophy of the tape mes-

sage sorter.

Route selection

The complete message identifica-

tion code consists of the symbols
"Figs" and "D" followed by two nu-

merais which are followed by the

99 complement of the two code nu-

merais, e.g. code number 13 would
be "Figs D 1386". Since there is a

finite probability of such a combina-
tion occurring within the body of

the message itself, a further stipula-

iton was made that only that code
combination would constitute a be-

Fig. 4. Shift register loader

READER CONTACT

DIODE SHIFTING
GATE

NOTE:

CAPACITORS SHOWN IN MICROFARADS SHIFT PULSE
INPUT

ginning of a new message that was
preceded by at least three carriage

return symbols. Furthermore, the

carriage return symbols need not be
immediately ahead of the Identifica-

tion code group.

Since ali information is in the form
of the five levei teletypewriter code,

some method of conversion into deci-

mal was necessary. A simple and
reliable form of conversion was
achieved with a diode matrLx shown
in Fig. 1. The five leveis of input

are provided by the five flip-flops

constituHng one stage of the shift

register. As may be observed in Fig.

1, the flip-flop of levei No. 1 is in

opposite State to the flip-flops of

the other four leveis. This is the tape
code representation of the numeral
"3". It may be observed in the ex-

ample that bus bars of ali the deci-

mal outputs are at -20 volts except
bus "3" which is at zero volts. A
similar diode matrix was constmcted
to recognize the symbols "Figs.",

"D", and "CR" (carriage return).

In Fig. 2 the flow of information
is from the tape reader on the left,

through the shift register to the thy-

ratron firing circuit on the right. As
may be observed, when a group of

three or more "CR" characters go
through the shift register, the out-

puts of the last three matrices will

energize the three-input and gate
"A" which will tiigger the 3-CR flip-

flop. This flip-flop will provide a
steady d-c. input to and gate "B".

Hence, when the next set of charac-
ters "Figs" and "D" are located ín

shift register positions six and five

respectively, the last two matrices
will provide the remaining two in-
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piits to (iiul síato "B ', tlu" output of

whicli \\ ill proN Íde one inpiit to ali

fi\e-input (tiul tíates "C ". A separate

gate (' "

is allotatod to each idoii-

titication code. In the example iii

Fig. 2 onl\- one gate "C" is shown
and it is wired into the decimal
niatiices to recognize numerais 1386.

Therefoie, when characteis "Figs.,

D, 1, 3, 8, 6" are loeated in positions

6, 5, 4. 3, 2, 1, respectively of the

shift register, aiuI gate "C" will pro-

duce an output which will triggei*

the sclected relay flip-flop causing

that specific tape reperforator (or

punch) to be connected to the Thy-
ratron Firing Circuit.

The end of any given message is

recognized by the location in posi-

tions 5 and 4 of the shift register,

the characters "Figs" and "D", re-

specti\el\- of the next succeeding

message. These two pulses, plus the

output of the 3-CR flip-flop provide

the necessary inputs to and gate

"D", which will then set the relay

tum-off flip-flop causing the system
to be brought to its initial state in

preparation for the new message fol-

low ing.

Shift register

As explained previously a delay or

temporary storage of sLx character

duration is required so that the com-
plete identification code may be rec-

ognized and the appropriate route

selected before the message (and the

code preceding it) may be read out.

A common type of shift register,

consisting of five parallel rows of

flip-flops, and each row containing

six stages, is used to produce the

delay. The five rows are requiied
to accommodate the five-level tele-

typewriter code. Actually, a sixth

levei is necessary to control the step-

+ 20 PUNCH
CONTACT

+ 120

.68 K

CONDITIONING
GRID -

,

68K lOOK
470K

4.7K

INPUT
FROM
SHIFT -20
REGISTER

FIRING
TRIGGER

PUNCH MAGNET -20
.61 K)

Fig. 5. Thyratron firing círcuit

ping of the tape, but this is satis-

factorily accomplished with n single

flip-flop (control flip-flop).

A two-stage shift register is shown
in Fig. 3. It consists of two flip-flops

interconnected by two diode shifting

gates. Transistors are driven into sat-

uration when on and are cut-off by
about two volts when off. Let it be

assumed that in Fig. 3 transistors

and are on and transistors

and Qg are off. Capacitor will

charge up through diode to -17.1

v. and C, will charge up to -10.9 v.

When the common junction of

and Co, which normally is at -20 v.,

receives a shift pulse of about 13 v.

amplitude will be cut-off by C„

acting through D^. Q,, of course, will

be turned on by the action of Q^.
Siiice with the application of the

shift pulse the junction of C^ and D3
will only risa to -4.1 v., the shift

pulse will not interfere with the oper-

ation of Q3. Flip-flop "B " now is in

Fig. 6. Thyratron operating wave forms

16.7

SHIFT PULSE

# 6 POS. OF
SHIFT REG.

THYRATRON ANODE
VOLTAGE WAVEFORM
APPLIED BY PUNCH
CONTACTS

FIRING PULSE

'M"

- I5.8r

r
I

15.9 ^
I

'1

"1^ U U U [T

THYRATRON
CURRENT

NOTE:
TIMES SHOWN IN MILLISECONDS

EMPTY REVOLUTION

the state that flip-flop "A" was be-

fore the application of the shift pulse.

The 68K resistors and R., provide

a discharge path, for the capacitors.

of a somewhat lower resistance than

the reverse resistance of diodes D,
and D^. Without R^ and R., the leak-

age currents, through D3 and
would charge C^ and C, to -|-2 v.

and O volts respectiveh", causing D,
and D, to be biased in reverse di-

rection and thus disabling the shift-

ing operation.

Shift register loader

The transfer of information from

the shift register loader into the first

stage of the shift register is identical

with the interstage transfer. In Fig.

4 a "O" is represented when Qj is on

and Q., is off. This is tlie ciixuits

normal standb>- state when the

reader contact is open. When the

reader contact is closed, representing

a "1", is cut-off and Q., tumed
on.

The shift pulse occurs about 4
milliseconds after the contact clo-

sure. This interval is necessar\" to

accommodate slight differences in

operating s\iichronism of the other

reader contacts, boimcing of con-

tacts, and the charging of the capaci-

tors in the shifting gate. The inte-

grating action of the capacitor in the

base of Qj serves further to suppress

the effects of reader contact boimce.

Thyratron firing circuit

The perforator magnets require

100 ma. at 120 v. for their opera-

tion. Since no transistors were \et

commercialh- axailable that would
handle such a load it was necessary

to use tlnratrons.

NormalK^ tlnratrons are fired b\

vacuum tubes or other th\ratrons
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w liere large signal-voltages are avail-

able. In transistor ciicuits the pulse

magnitudes are only about 15 to 20

\.. far froin sufficient to reliably

tiigger dual grid thyratrons by em-
[)loying conventional circuit methods.

l^^ig. 5 shows a circuit arrangement

w hereby a dual grid type 2D21 thy-

latron is satisfactorily operated for

anode potentials from 115 to 140 v.

The improved performance is ob-

tained by using a diode gate in the

control grid circuit.

Transistor receives its input

hom the last stage of the shift regis-

ter. When is saturated the collec-

tor potential is about +8 v. and
when it is cut-off the collector is at

about -19 V. The collector of Q, pro-

\ ides the conditioning voltage to grid

õ of the thyratron. It may be ob-

served that when this voltage is at

-19 the potential of grid 1 (the firing

4rid) is also at -19 v. because of the

location of diode Dj in the ciicuit.

Therefore, a firing pulse appearing

at the collector of will have no
effect on grid 1 because of the block-

iiig action of diode D,. However,
uhen the collector of Qj is at -|-8 v.,

diode Dj will be reverse biased, al-

lowing grid 1 to remain at about -15

V. Hence, when the firing pulse

arrives, Q, will be saturated, allow-

FROM FIRING PULSE
INHIBITOR
FLIP-FLOP

+ 20
FROM
SHIFT

, FIRING PULSE ^ ^
INHIBITOR

PUNCH
CONTACT

FROM TRAILING
-LOQ EDGE OF FIRING

I
PULSE

^

l50Kj> XiSOK, ^ /

PULSE
STRECHER

SHARING CCTS
I20K

NOTE:
CAPACITORS SHOWN IN

MICROFARADS-

-20

Fig. 7. Firing pulse delay

ing grid 1 to rise to about -|-3 v.

and causing the thyratron to be

ignited.

In the message sorter a set of 6

thyratrons is used, one for each of

the 5 character leveis, plus one for

the control or stepping magnet. A
firing pulse is simultaneously applied

to the number 1 grid of ali six thy-

ratrons, but only those thyratrons

will fire that have a conditioning

potential on grid 5. The conditioning

potentials are determined by the in-

formation in the last stage of the

shift register. The control thyratrou

receives a conditioning voltage every

Fig. 8. Relay turn-off flip-flop.

PUNCH CONTACT

+ 120

22K

2.2K

NOTE:
AND GATE(D)OF FIG.

4

<H>H' b" FROM S R. POS #4
|—D>H="FIGS" FROM SR POS #5

INPUT FROM 3CR
FLIP-FLOP

FJ RELAY FLIP-FLOP
TURN-OFF PULSE

-20

WAVEFORMS AT POINTS SHOWN IN CIRCUIT DIAGRAM

SHIFT PULSE

®
(D

®
(Ê)

^ LiJ LIJ

_k ki V

i i

1
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time the tape reader reads a chaiac-

ter, thus ponnitting the new tape to

be stepped along tlie saine nuniber

oí times as the tape that is being

read. The thviatiDiis are extinguished

b\ tlu' opeiiiiig of the piinch contacts

which are iii serias witli the thyra-

tron aiiodes.

S|)i'c'(l differciitial of

road-in and read-oiit

Altliougli tlie tape is read at con-

staiit speed by the tape reader, the

aetual message information to any
speeific punch comes in at irregular

intervals. Even if only one punch
were involved, there would still exist

the problem of precise synchroniza-

tion of the punch speed with the

reader speed.

The method used in the sorter to

overcome this difficulty was to

operate the punch at about 5^2%

higher speed than the reader and
arrange for the punch to interrogate

the output stage of the shift register

and whenever information would be
present, the thyrati-ons would fire and
the last stage of the shift register

reset to zero. Every eighteen revolu-

tions of the punch mechanism the

punch would catch up to the reader,

hence no new information would be
present for the punch to receive, so

the punch would make one empty
revolution to waste the accumulated
surplus of time.

To perform the control function
the time interval ("M" in Fig. 6) be-
tv/een punch contact closure and the
thyratron firing is made continuously
variable. That is, as the punch is

catching up to the reader this time
interval is íncreasing by about 0.1

millisecond per revolution until the
time the actual overtake occurs. At
that time the punch will make one
empty revolution, but the next im-
mediate firing will take place about
two milliseconds sooner than it

would have occurred if the punch
were still behind the reader. This
sudden shortening of the time inter-

val "M" ensures that the information
is extracted from the last stage of the
shift register sufficiently early so

that there will be no interference,

during overtake, between read-out
and read-in. The 2 millisecond short-

ening of the time interval between
the end of the empty revolution and
the next thyratron firing is the total

accumulated time during the eighteen
preceding operations. The timing
vvaveforms are shown in Fig. 6.

The sequence of events as shown
in Fig. 6 are as follows: The shift

pulse inserts information into No. 6

position of the shift register, which
in turn places a potential onto the

conditioning grid of the thyratron.

Punch contacts close, applying po-

tential onto the thyratron anode, and
after an interval of time "M" a firing

pulse occurs igniting the thyratron.

The trailing edge of the firing pulse

erases the sLxth position of the shift

register leaving it ready for the shift

pulse to insert new information. The
thyratrons are extinguished by the

opening of the punch contacts which

remove the anode potential.

It may be obsei-ved that when
firing pulse "A" occurs, new informa-

tion has still not arrived into shift

register position No. 6, hence the

thyiatrons will not fire and the punch
proceeds to make an empty revolu-

tion.

The delay interval "M" between
the rising edge of the anode voltage

and the firing pulse is produced by
a monostable flip-flop which is trig-

gered by the application of the vol-

tage to the anodes. This firing pulse

delay flip-flop is shown in Fig. 7.

During standby, ti-ansistors Qj and

Q3 are on and Q, is off. When a

rising pulse tunis off, it in tvu^n

causes to turn 011 which, through

capacitor Cj, causes Q3 to be cut

off until the charge on Cj leaks

away through resistor R^, allowing

Rj to turn Q3 on. The action of

Q3 then turns Q., off and on. It

can be seen that if of the Pulse

Stretcher is on resistor R, will have
small effect on the discharge time of

C^. However, if is off, as when
turned off by the leading edge of

the shift pulse, R., will essentially be
paralleling R^ causing a more rapid

discharge of capacitor C^. This means
that the time interval "M" in Fig. 6

will be minimum.

Since the Pulse Stietcher is flipped

in one direction by the leading edge
of the shift pulse and in the reverse

direction by the trailing edge of the

firing pulse, the time interval "M"
will be longer at each successive

cycle of operation because will

be spending less and less time in its

off State.

Auxiliary store switch-over

Due to the fiow of messages

through the sorter being continuous.

i.e. the beginning of a given message
immediately follows the last carriage

return of the preceding message.

precautions had to be taken during

switching from one punch to an-

other that no infonnation be lost. As
has alread\' been explained, only one

set of six thyratrons is used in the

sorter and the six magnets of each

punch are connected through rela>-

contacts to the thyratron cathodes.

one punch at a time. So when a new
message arrives, the relay of the

punch that was being used has to be
de-eriergized and the relay of the

new punch energized. Actually, a

tiun-off pulse is supplied to ali punch
relay flip-flops and the code of the

new message then selects and ener-

gizes the appropriate punch relay

flip-flop for the new message. This

same tum-off pulse also energizes the

error punch relay flip-flop so that

should the code of the succeeding

message be unrecognizable, it \\ ould

proceed to the error punch. But if

the new code is recognizable and
it causes one of the punch relays to

be selected, the same turn-on pulse

causes the error punch relay flip-

flop to be de-energized.

Because the operate time of re-

lays is a substantial percentage of

the time inten'al between the char-

acters of a message, one extra stage

of shift register is pro\'ided to act

as a temporaiy or airxiliary storage

into which the new message w ill go

during the switchover period. When
the switchover has been completed,

the new punch will extract the in-

formation from this auxiliar\" store.

and continue to do so. until the oc-

currence of the first coincidence be-

tween the shift pulse and firing

pulse. At the time of this coinci-

dence, there exists an accumulation

of two milliseconds of time which

normally would result in one empt>-

revolution of the punch (as has been

explained earlier), but instead. this

first coincidence is used to trigger

the switchover circuits back to their

normal operating position. That is.

the punch will begin to extract in-

formation out of the sixth position

of the shift register. The two milli-

seconds of accmnulated time provide

sufficient time for the switcho\er to

take place and circuits to stabilize

for the new or normal mode of oper-

ation.

Hela> flip-flop turn-off

The relay flip-flop turn-off pulse

is required at the conclusion of the

last character of the last message or.

stated another way, when the char-

acters "Figs." and "D" of a new

message are located in positions 5

and 4, respectiveh . of the shift reg-

ister. Of course, only that set of

"Figs.", "D" must be recognized

.that has been preceded b\' a mini-

mum of three caniage returns.
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In Fig. 8 Q2 and form a flip-

flop with one input being derived

from Qj and the other input from

the and gate on the right. This and
gate is designated as "D" in the

flow diagram of Fig. 4. It may be

observed that when the punch con-

tact is closed transistor Qj is cut-

off and capacitor Cj charges up to

20 V. When the contact opens,

waveform (A), resistor causes

j Qj to saturate causíng a positive

pulse, waveform (B), to be injected

i into the base of transistor Q^. This

,', train of positive pulses keeps the
i flip-flop turned on in one direction

I until it is set by the output of the

3-input and gate which will produce

;
a positive pulse only when the 3-CR

ij flip-flop has been set and "Figs." and
"D" are in shift register positions 5
and 4 respectively. Transistor Q3 will

i then be turned off and will be

I
turned on causing capacitor Cj to be
charged to 20 volts (waveform D).

! Therefore, when the next positive

pulse of waveform (B) resets the flip-

flop (Q2 to off and Q, to on) a dif-

ferentiated positive pulse will be pro-

duced at (E) as shown on the sche-

matic by the waveform (E). This is

the tum-off pulse that is applied to

ali relay flip-flops simultaneously,

causing the error relay to be ener-

gized and the other relays de-ener-

gized.

Inhibition circuits

Although ali punches operate at

synchronous speed, the phase rela-

tionships of the perforating mechan-
ism are random, and since the elec-

trical contacts on each punch are
part of the perforating mechanism,
the last character of a given message
is extracted on the command of the

then operating punch, while the first

character of the succeeding message
is extracted on the command of the

new punch. Because the message in-

formation is coming in at a constant
speed, it would be possible at times
to miss the first character of a new
message because a complete cycle

of operation was not available when
the new punch became connected to

the thyratron output.

The electrical contacts on each

punch are connected in series with

a set of contacts of the respective

relays. It is, therefore, impossible to

determine whether the first applica-

tion of the thyratron anode voltage

(immediately after switchover) is the

result of the closure of the punch
contacts or relay contacts.

To make certain that the firing

pulse delay circuit is triggered by
the closme of the punch contacts

only, an inhibit circuit is provided

to disable it for a period of time

slightly in excess of the time it takes

for the relay to become fuUy oper-

ated. The Firing Pulse Inhibitor Cir-

cuit is shown in Fig. 7. This circuit

receives its input from the Firing

Pulse Inhibitor Flip-Flop (not shown)
which is triggered into inhibition by
the relay flip-flop turn-off pulse and
restored by a monostable flip-flop,

whose time intei"val is about two mil-

liseconds longer than the energiza-

tion time of the relay. This restor-

ing monostable flip-flop is triggered

by the output of gate "B" shown in

Fig. 2.

A similar arrangement is provided

for inhibiting the turn-off pulses

from the sixth position of the shift

register during the time that a new
punch is extracting information out

of the auxiliary store. The restora-

tion of this circuit is initiated by the

coincidence of the firing pulse and
the shift pulse.

Conclusions

A disadvantage of tiansistors in

equipment where mechanical con-

tacts are used for current interrup-

tion is the accidental triggering of

flip-flops by transients. Precautions

have to be taken for ensuring good
ground connections and suitable iso-

lation of noise-producing circuits. In

tube circuits the operating voltages

are several times those in transistor

circuits, hence larger ti"ansients can

be tolerated. It was for this reason

that it was necessary to design a

monostable flip-flop with a positive

standby state similar to a bistable

flip-flop.

It may be observed that the man-

Tier in which the data was handled

is quite general. This means that al-

though the present circuitry is hand-

ling five-level teletypewriter data, it

can easily be expanded or com-

pressed to handle other forms of

binary coded data. The present

sorter recognizes six-character mes-

sage identification codes. This, too,

can very easily be changed. For ex-

ample, because the route selection is

performed without interruption in

the incoming messages, the sorter can

be directly applied to perform auto-

matic routing of digital data in a

switching centre.

The power consumption of the

electronic portion of the sorter is

quite modest. Except for the six thy-

ratrons, dissipating an average of 37

vv., the rest of the circuits, which

contain over 250 transistors and over

1000 diodes, dissipate 27 w.

Because of the low voltages re-

quired by the transistor cuxuits it

\\ as very practicable to use ali semi-

conductor power supplies and regu-

lators. Hence, no provision for circuit

adjustments was necessary and reli-

able operation was achieved for a-c.

line fluctuations between 105 and
125 V.
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Canadian National Telegraphs
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fices to their associated regional

offices, of which there are nine.

Each area office is equipped with

Communications Between HEPC of

Area Offices and Regional Offices

Using the Autoscan System

THE PRIMARY data gathering Network are provided by the Cana-
networks of the Ontário Hydro's dian National Telegraphs. These net-

Data Processing Communications works connect one hundred area of-
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a MoiU'l 14 Tl aiisiuittrr-Distributor

wliicli tiMiisniits õ iiiiit tapes at a

spood i)t 60 \\ .p.in. to the regional

oftices. In addition a Transmitter Con-
trol Unit is pio\ ided at each location

wliich is controlled b\' pulses tians-

niitted froni the regional office. Figs.

6 and 7 illustrate the equipment pro-

\ iilcil at área ottiee loeations.

rlie regional oBiees are eqnipped,
in general, with two teleprinter ma-
chines eaeh eqnipped with a trans-

mitter distribntor and a reperforator

attaehment. These machines can be
used for on-line or off-line operation.

\\'hen used on-line the reperforator

punches a tape and the teleprinter

nionitors the transmission and pre-

pares page copy.

To faeilitate the gathering of data
from a large number of offices auto-

matie area office selection by the

regional office was desirable. This
lead to the development of a selector

s\steni \\'hich provides considerable
flexibility of operation called Auto-
scan. In general each Regional Office
is eqnipped with an Autoscan selec-

tor.

Atitascan can be operated in two
main niodes; automatic sequential
scanning, and manual. The circuitry

of these modes of operation are es-

sentially independent and can be so
arranged. However, for ease in opera-
tion they are interconnected by con-
trol circuitry which enables Autoscan
to be preconditioned at any time to

change its mode of operation without
interfering with traffic being received.
This results in a saving of operator's
time since there is no need to hover
over the equipment waiting for the

MPGU
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OFFICE
LINES

MTSCU

o

MASTER
CONTROL
PANEL

MCU

|SBPU[ ATSCU

MSSU

LRU
A

I

A5RCU "|-

j

[=r;:jCRRu|
I

CPU
[-p|ccss|

Fig. 1. Block diagram of the Autoscan System.

correct time to operate a control.

When automatic sequential scan-

ning is employed a step switch steps

to positions to which lines of the

area offices are connected. When the

step switch steps to a line a start

pulse is transmitted to the area office

and, if tape has been placed in the

transmitter, transmission commences.
A traffic sensing unit upon detecting

idle line conditions causes the step

switch to step to the next line posi-

tion. There are various stepping rates

of the step switch which are described

later.

A very useful feature of Autoscan
is its automatic-manual operation.

Fíg. 2. Block diagram of the .\utoscan Concentrator.

PULSE
GEN

PULSE
GEN

CONTROL

HOMING
CONTROL

TO
iUTOSCAN

MAIN
CONTROL

TRAFFIC
SENSING

. .NE
PELAY

STEP
SWITCH

LOR
RELAYS

TO
STATIONS

The name of the operation appears

to be contiadictor}-, however this fea-

ture permits Autoscan to be manualh
conditioned at any time to select a

station out of tlie automatic sequence

and then automaticalh- re\ert to

automatic sequential scanning when
traffic from this station has ceased.

The desired station will not be
selected by Autoscan until traffic,

being received at the time the equip-

ment was conditioned to select the

desired station, ceases.

In the manual mode of operation,

stations are selected b\- the momen-
tary operation of a station button.

Príority ma\- be given to a station.

If the transmission of a particular

station is required without dela\- the

equipment is conditioned to select the

desired station and the stop button

is operated. This operation causes the

remote transmitter to be stopped.

Autoscan then immediateK' selects

the desired station and its transmis-

sion is received. This feature is ne-

cessary since some station transmis-

sions may be ver\- lengthx .

A special feature required by the

Ontário H\ dro was a blank character

detection circnit. Blank characters

are not normalh' inserted in tapes

prepared b\ the area offices and must
not be present in tapes transmitted

to the Computer centre. The tele-

printer is eqnipped to space on re-

ception of a blank character. This

feature is provided so that blank char-

acters can be detected in the monitor

copy. In addition the teleprinter is

equipped w ith a set of contacts which
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( lose when a blank character is re-

x"ived.

These contacts are wiied to the

\utoscan unit which transmits a stop

jKilse to the reniote transmitter when
they operate. The remote transmitter

ís then stopped and an indicator lamp
and audible alarm indicates the situa-

lion to the regional office operator

who then follows a prescribed pro-

cedure. In the meantime, however,

the Aiítoscan selects the next station.

Autoscan provides complete indica-

tion of the mode of operation and the

station being selected or transmitting.

Push buttons are employed exten-

sively which have internai illumina-

tion for indication purposes. Two
t\pes of lamp operation are em-
ployed, flashing and steady illumina-

tion. The flashing lamp indicates the

station which Autoscan has been
manually conditioned to select, while

traffic is being received from a se-

quentially selected station whose
lamp is steadily illuminated. Upon
completion of this traffic the lamp of

the station is extinguished and the

manually selected station lamp then

ceases flashing and is steadily illumi-

nated.

Due to the fact that the Area Of-

fices are well dispersed "party-line"

operation of stations is not practical.

This factor permitted the use of rela-

tively simple control equipment at

the area offices and necessitated the

development of the Autoscan concen-
trator.

In certain locations it was possible

to extend the lines of several area

offices to a central point which was
equipped with an Autoscan concen-

trator.

A full-duplex telegraph facility

connects the Autoscan concentrator

to the Autoscan in the regional office.

This results in considerable economy
of telegraph facilities for without the

Autoscan concentrator one telegraph

facility per area office would be re-

quired between these locations.

Autoscan

Twenty-four stations can be con-

nected to the Autoscan Selector

equipment either directly or by means
of Autoscan Concentrators. Provision

is made for operation to four Auto-
scan Concentrators.

Autoscan is composed of two main
assemblies. A sloping front control

panei is situated on top of a cabinet

assembly.

Control Panei

Push buttons having internai in-

dicating lamps are used extensively.

MODEL
14

DIST

STOP OR FAULT INDICATOR
PAN EL

MOTOR
CONTROL

LONG
OPEN
DETECT

START
PULSE
DETECT

LRU
LINE TO

] AUTOSCAN OR
CONCENTRATOR

Fig. 3. Block diagram of lhe Station Equipment.

The following control buttons are

provided:

Designatíon

automatíc

manual

send stop

alarm cut-off

area office

Indication

green

red

blue

white

Cabinet Assembly

The circuitry of the Autoscan is

housed in a cabinet below the con-

trol panei. This cabinet has doors on
the front and back for accessibilit\'

to ali parts. Fig. 4 shows the in-

terior of the cabinet as viewed from

the front.

For ease of maintenance and pro-

duction plug-in sub-assemblies are

employed extensively. Three shelves

in the cabinet mount 13 plug-in units.

A four shelf mounts components such

as the battery distribution panei,

capacitor bank and line resistor bank.

The following sub-assemblies are

employed:

1. Master control unit

2. Rela\- register unit

3. Master step switch

unit

4. Line relay unit

5. Automatic traffic

sensing & control

unit

6. Automatic pulse

generating unit

7. Automatic step rate

control unit

MCU
RRU
MSSU

LRU
ATSCU

APGU

ASRCU

Switches are also provided on the

control panei to apply a-c. to the

rectifiers and teleprinter motors, and
for teleprinter selection for on-line

use. When one of the two teleprinters

provided at the regional office is

selected for on-line operation the

other is terminated for off-line opera-

tion.

Operation

niomentary

1. momentary — automatic manual
2. lock-in — manual

momentary
1. niomentary-release audible alarm
2. Iock-ín-pre\ent audible alarm

momentary operation

8. Concentrator relay CRRU
resister unit

9. Concentrator control CCU
imit

10. Concentrator pulsing CPU
unit

11. Concentrator control CCSSU
step switch unit

12. Manual traffic sens- MTSCU
ing & control unit

13. Manual pulse gen- MPGU
erating unit

14. Signal battery puls- SBPU
ing imit

The following sub-assemblies are

identical: automatic and manual traf-

fice sensing & contiol units; auto-

matic and manual pulse generating

units; signal batter\- and concentra-

tor pulsing units.

Ali relays in Autoscan are plug-in

t\ pes. With the exception of the line

relays, which are standard t\pe 2.5.5A

relays, the rela>- windings ha\e a

resistance of 10,000 ohms and are

operated by a 7.5 ma current.

Trigger tubes, type 5823, are used
for timing circuits. The \oltage sup-

ply used for their igniter circuits is
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rt-gulatoil to ousuie stability of opera-

tion.

Three standard rectifiers supply

power to the Autoscan and tlie two
teleprinter niachines. One of these

rectifiers snpplies 120 v. for step

switch operation. The other rectifiers

suppK- ± 73 \'. to Autoscan and also

supp]\ power to the teleprinter.

Autoscan Operation

A detailed description of the opera-

tion of Atitoscdu circuitry would be
\ ery length\ . This paper w ill there-

fore provide a simphfied description

of the operation.

A block diagram of the circnitry

of the Autoscan selector is shown in

Fig. 1.

Sequential Scanning

After appKing power to the Auto-

scan and teleprinter selected for re-

ceiving transmissions from the area

offices, the momentary operation of

the automatic button on the control

panei conditions the Autoscan for

seqnential operation. The mode of

operation is indicated by the illumina-

tion of this button.

The master step switch (MSS) in

the Autoscan then commences to scan

the lines of the stations connected to

it under control of the automatic

traffic sensing & control imit

(ATSCU).

The lines of the stations are main-

tained closed when they are in the

idle condition. When the MSS steps

to a line of a station, the station's

push button on the control panei is

illuminated. The automatic pulse

Fig. 5. Rear view of area office equip-
ment showing interior assembly.

generator unit (APGU) sends a one
second start pulse to the remote sta-

tion by operating the LTR relay asso-

ciated with the line in the relay regis-

ter.

If tape has been placed in the

transmitter at the remote station its

transmitter control unit (TCU) is con-

ditioned to recognize the start pulse.

When it is detected the TCU ener-

gizes the motor and clutch magnet
of the transmitter and transmission

of the tape commences.
The line relay in the Autoscan

unit repeats the signals received from
the station to the teleprinter machine,

the ATSCU and also to the automatic

step rate control unit (ASRCU).

Master Step Switch Stepping Rates

There are four stepping rates of

the MSS.

Five Second Rate

The MSS s eps one step every five

seconds over closed lines provided
that it has not passeei its home
position twice without receiving

traffic.

When the MSS steps to a line a

one second start pulse is transmitted.

The ATSCU then causes the MSS
to step after four seconds of idle line

condition.

Two Second Rate

If the MSS steps to a position of

an open line the ATSCU steps the

MSS to the next line one second
after the one second start pulse is

transmitted.

Thirty Second Rate

If no traffic is received from sta-

tions connected to Autoscan for one
complete rotation of the MSS from
home position to home position the

ATSCU is conditioned by the auto-

matic step rate control unit (ASRCU)
to step the MSS at thirty second in-

tervais.

However once traffic is received

from a station Autoscan immediately

reverts to its 5 second stepping rate.

Fast Stepping Rate

The MSS steps over unassigned
positions at its natural rate under
control of its interrupter contacts.

Selection of Concentrated Offices

Autoscan is equipped for operation

to four concentrators. The selection

of a line to a particular concentiator

is accomplished by the concentrator

relay register under control of an
LTR rela\' of the relay register which
can be operated b>' either the MSS
when sequential scanning of stations

is used or by an RR relay of the

Fig. 4. Autoscan selector: interior assem-
bly.

relay register which is controlled b>'

the station push button when manual
station selection is employed.

The LTR Relay of the Relay Register

1. Operates a relay in the concen-

trator control step switch.

2. Marks the concentrator contiol

step switch.

3. Operates a relay in the concen-

trator relay register which con-

nects the full-duplex circuit to

the concentrator of the office

being selected to the transmitting

and receiving circuitry of Auto-

scan.

When the concentrator control

step switch arrives at its home posi-

tion a signal is transmitted to the

remote concentrator which causes its

step switch to be homed.
Pulses from the concentrator puls-

ing unit step the concentrator control

step switch to the position marked
by the LTR relay of the relay regis-

ter. These pulses are also transmitted

to the concentrator and the> dri\e

the concentrator step switch to the

same position as the concentrator con-

trol step sw itch of the Autoscan unit.

The lines of the stations connected

to the concentrator are connected to

the concentrator step switch. \\"hen

the concentrator step switch comes
to rest on a line the pulse generator

of the concentrator transmits a start

pulse to the station.

-After a period as described in

"Master Step Switch Stepping Rates"

the master .step switch steps to the

next position.

.\utoniatic-ManuaI Station Selection

^^ hen Atitoscan is in the automatic
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mode of operation provision is made
to condition Autoscan to select a de-

sired station out of sequence. This is

called automatic-manual selection.

To condition the equipment to

select a station out of automatic se-

quence the manual button is momen-
tarily operated. This operation causes

the master control unit to apply puls-

ing signal battery to the manual
button lamp, and extinguish the

automatic button lamp.

The desired station's button is then

momentarily operated. This causes the

RR relay associated with the station

button, in the relay register to

operate. This relay applies the puls-

ing signal battery to the lamp of the

station button.

When the ATSCU detects that

traffic, being received while the

above operations were performed,

has ceased, it causes the master con-

trol unit to transfer control to the

manual traffic sensing & control unit

and the manual pulse generator unit.

In the case of directly connected

station circuits the MGU also applies

battery to the LTR relay of the relay

register which transfers the station

line from the MSS to the manual line

relay via the manual pulse generator

unit. Contaots of the MPGU trans-

mit the one second start pulse to the

remote station.

If the station selected manually is

a concentrated station the LTR relay

performs the functions outlined in the

description "Selection of Concen-
trated Offices" however the receive

line of the full-duplex circuit to the

concentrator is transferred from the

MSS to the manual line relay by the

operation of a relay in the concen-
trator relay register.

The indicator lamp of the manually
selected station ceases flashing when
the station is selected and is steadily

illuminated.

When traffic from this station is

completed the MTSCU causes the
MCU to revert the system to sequen-
tial station selection commencing with
the station that would have been
selected if the sequential pattern had
not been interrupted. The manual
button lamp is extinguished and the

automatic button lamp is illuminated

indicating the change.

Manual Station Selection

When fully manual station selection

is desired the manual button is

pushed and locked in this state by
turning it. This prevents the MTSCU
from restoring the system to its auto-

matic mode of operation.

Upon completion of current traffic

the system will be conditioned for

manual selection of offices.

This mode of operation permits the

selection of a single station at one
time.

Stop Feature

Traffic received from individual of-

fices on a data circuit can be quite

lengthy. If an error is detected in the

transmission from a station which
would necessitate the tape to be cor-

rected and retransmitted the regional

office operator can stop the remote

transmitter by the operation of the

stop button. This can save consider-

able time. The Autoscan will then

select the next station in the se-

quence.

If an operator wishes to give im-

mediate priority to a station, the

station is manually selected and the

stop button is operated which causes

the remote transmitter to be stopped

and the transmission of the desired

station will commence without delay.

The operation of the stop button

causes either the manual or automatic

pulse generators to transmit a one
second stop pulse to the transmitting

station. Upon detection of this pulse

the transmitter control unit at the

station causes the motor of the trans-

mitter to be stopped and an indicator

lamp is illuminated.

The tape is then corrected, if ne-

cessary, and replaced in the trans-

mitter. The operation of the Reset

button reconditions the transmitter

control unit to detect a start pulse.

A waiting lamp indicates that the

TCU is thus conditioned.

Autoscan Concentrator

The Autoscan concentiator consists

essentially of eight control circuits as

are indicated in Fig. 2.

The step switch is always homed
prior to station selection to ensure

that it is in step with the concentrator

control step switch of the Autoscan

unit.

It is driven by the pulses generated

by the concentrator pulsing unit of

the Autoscan unit.

When it comes to rest on a line

position the pulse generator of the

concentrator transmits a start pulse

to remote station.

The traffic sensing unit of the

concentrator prevents the stepping of

the step switch during transmission

from a station.

If a stop pulse is received from the

control office the pulse generator of

the concentrator transmits a one
second stop pulse to the transmitting

station causing its transmitter to be
stopped. The step switch will not

step however since it is di.sabled by

the traffic sensing circuit.

If the circuit between the control

station and the concentrator is lost

during transmission the transmitting

station is stopped in the same man-
ner.

Station Equipment

Each station is equipped with

a model 14 transmitter-distributor

which is mounted on a table. On
shelves in this table are mounted a

line relay unit, a transmitter control

unit, and rectifiers. The equipment
arrangement is illustrated in Fig. 5.

Fig. 3 is a block diagram of the

circuitry.

In the idle state loop current is

maintained. Power is applied to the

transmitter control unit (TCU) when
tape is placed in the transmitter via

its tape sensing pin. The waiting lamp

on the table is then illuminated in-

dicating that the circuitry is con-

ditioned to detect a start pulse.

The TCU detects various open cL'-

cuit conditions. In the idle state a

pulse less than 0.75 seconds has no

effect, however, a pulse of 0.75 to

1.25 seconds causes the TCU to start

the motor of the transmitter and
after a slight delay operate its clutch

magnet. The tape is then transmitted

to the conhol station.

Prior to transmission, a pulse longer

than 1.25 seconds causes a fault lamp
to be operated. Transmission will not

take place if this occurs. A reset but-

ton is provided which when operated

restores the TCU to its waiting con-

dition. If the line is open the fault

lamp will again be illuminated. The
operator must then follow prescribed

procedures to have the condition

rectified.

During transmission the TCU will

detect an open circuit condition

which exceeds 0.75 seconds. When
this occurs the transmitter is stopped
and the fault lamp is illuminated.

If this condition is caused by the

reception of a stop pulse the opera-

tion of the reset button will restore

the TCU to its waiting condition

which is indicated by the waiting

lamp.

If the transmitter has been stopped
due to the reception of a stop pulse

it may be due to either the control

station detecting errors in the tape

or due to the control station giving

priori t\- to another station. Opera-
tional procedures are necessary to

clarif\- the situation.

Comments

The Autoscan system was designed

( Continued on page 65)
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A LARGE CAPACITY OXYGEN PLANT

FOR COPPER REFINING

J. T. Hugill, M.E.I.C., Mamger, Field operations

Engineering and Constniction Division

VAir Liquide, Montreal, Que.

This paper describes in detail the largest tonnage oxvgen plant in the British

Comnioiiwealth, a 330 ton per dav unit built for the INTERNATIONAL NICKEL
COMPANY OF CANADA, at Copper Cliff, Ontário. The reasons for erecHng a

unit of this size are considered briefly. Factors goveming the design of the equip-

nient and the choice of a cycle for the low temperature process are discussed at

length, also the importance of low power consuniption and long continuous opera-

tion. The process is discussed completely with respect to operating temperatures
and product analyses. An engineering flow sheet is included. Mention is made
of some of the design difficulties and the solutions adopted. Operating problems,
techniques and plant control are covered. The paper is illustrated with photo-

graphs of the unit and some of the pieces of equipment which comprise a tonnage
oxygen plant.

THE AUTOGENOUS flash smelt-

ing of .sulphide ore has been con-

sidered in much detail for the past

sixty years. As early as 1897 Bridge-

man proposed a reverberatory fur-

nace in which the sulphide ore would
be smelted using the heat generated

from the combustion of the ore it-

self^ It had been proposed by Nor-

man- and others that oxygen could

be used for autogenous flash smelting

of copper and copper nickel concen-

trates and in 1945 the International

Nickel Co. of Canada started mini-

plant tests. The success of these tests,

the fact that low cost tonnage oxygen
plants were now a commercial pos-

sibilíty and the good prospects for

marketing sulphur, led Inco to start

pilot plant tests using oxygen at 95-

99% from a small 5-ton per day
oxygen plant. The pilot plant was
operated for two years and confirmed
the economies of the oxygen flash

smelting process^. From the pilot

plant studies Inco developpd the basic

specifications for the oxygen plant
which were a minimum capacity of

300 tons per day of pure oxygen
delivered at a minimum purity of

95% and at a pressure of 25 per sq.

in. gal. The overall power consump-
tion was not to exceed 370 Kw./ton,
excluding oxygen compression, and
the plant must be able to run con-

tinuously for at least 12 months.

Oxygen Plant

At the time that INCO decided to

go ahead on full scale operations

there was only one tonnage oxygen
plant in operation with a capacity

equal to their requirements and two
plants of larger size were under con-
struction. Several plants had been
built in Europe prior to and during
World War II but ali were under 100
tons, day capacity, few produced oxy-

gen at 95% purity and none ran

continuously for periods longer than
8 months. The power consumption
figures on existing plants indicated a

wide variation, with no clearly de-

fined basis for the figures.

Low power consumption was the

major factor affecting the process de-

sign. Fortunately a plant of about one

third the capacity of Inco's was being

built by Air Liquide for the Dutch
State Mines in Holland, which also

had to meet this requirement and it

was decided to use a somewhat sim-

ilar process for the low temperature

ec^uipment on the Inco plant. How-
ever in scaling up the plant by a

factor of three, many design prob-

lems occurred which necessitated

some new approaches and resulted in

what were, at that time, some rad-

ical solutions. Another factor which
affected design was the decision to

use as much automatic and remote

control operation as possible to re-

duce manpower requirements. Up to

this time ali air separation plants,

large and small, were entireh' hand
operated with the exception of the

regenerator reversing valves.

Description of Cycle

A great deal has been published

over the past ten years on tonnage

oxygen plants, their advantages, basic

principies of operation and the use

of the FrankI regenerator in low
temperature separations. The process

design adopted for the Inco plant has

some unique features which are not

present in any other tonnage ox\ gen
plant at present in operation and
some pieces of equipment whose suc-

cessful operation led to their con-

tinued use in more than a dozen ton-

nage plants built since.

The simplified flow sheet of this

plant operating on the Oxyton c\cle

is shown in Fig. 1. In view of the

previously published detail it is pro-

posed to confine the description to

those parts of the plant which are

of process interest and were new de-

velopments in low temperature sep-

aration. The rest of the cycle will be

dealt with only insofar as it fornis

part of the overall plant.

The plant consists of fi\e main
groups; the air compression and puri-

fication group, the regenerator sec-

tion consisting of a pair of nitrogen

regenerators and a pair of oxygen re-

generators, an auxiliary circuit, the

distillation columns with associated

coolers and the expansion turbines.

The total air requirements for the

plant are drawn into the air intake

located at the top of the building and

an air filter, and compressed in a

two-stage Ingersol Rand centrífuga!

compressor. (Fig. 2). The compressor

is driven hy a 6000 hp. S\ nchronous

Motor through a speed increasing

gear. The air is cooled in a water

wash tower. Due to the frequent

high SO„ concentration in the air

around the plant two towers were

provided on the original design in

case of excessive corrosion de\eIoi>

ing. This has not proved to be a

problem so the second tower has be-

come a large separator. A shell and

tube aftercooler is also provided in

parallel and can be used during in-

itial start-up and during defrosting

operations when it is desirable to have

a lower moistine content in the air.

The air, now at a pressure of 70 Ib.
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per sq. in. gal., is divided into two

streams, 94% of the volume going to

the regenerators and 6% to the

l)()oster compressor. The smaller por-

tioii of air, termed the auxiliary cycle,

IS further compressed to 160 Ib. per

síj. in. gal., scrubbed vvith 10% cau.stic

solution to remove CO.,, dried in a

(lesiccation battery and admitted to

>iie of a pair of reversing warm ex-

t hangers. This stream is cooled to

-105° F. by flowing counter current

to a stream of waste nitrogen, passed

through a final desiccation over silica

gel and liquefied in a second ex-

changer. This exchanger or liquefier

.serves also as the reheater for the

stream of high pressure nitrogen used

in the turbo expanders. The liquefied

lir is flashed to the high pressure

ilistillation column.

Regenerators

While the regenerators have been
iliscussed previously, some new de-

tails of construction sliould be men-
tioned. In order to meet the A.S.M.E.

Code for lovv temperature operation,

Carbon steel could not be used. There
remained stainless steel or the new
8% nickel steel developed by Inco for

this application. Based on economic

reasons the latter material was chosen.

Due to the size, fabrication of the

9 ft. diameter alumiiium pancakes for

the nitrogen regenerators presented

some problems and special proce-

dures were used to fasten the suc-

cessive windings of crimped ribbon.

In designing the spacers between
pancakes consideration had to be

given to the effect of one pancake
piled on top of another and the

whole subject to flexure on the outer

edge due to the reversal of flow and
the tendency to droop under their

own weight. If not carefully installed

the outer winding would tear off at

an ever increasing rate and eventual-

ly no upper pancakes would be left.

A specially shaped hold-down spider

is placed on top of the last pancake.

It is tightened by jack screws in the

dome of the regenerator. These jack

screws have to be tightened at suc-

cessive intervals during the first fevv

months of operation.

The main stream is cooled by direct

contact with the precooled aluminum
packing in one nitrogen and one oxy-

gen regenerator—at the same time

the packing in the other pair is being

cooled by the separated products.

The stream s are reversed on a pre-

determined time cycle, the reversing

double port valves being operated by
solenoid controlled air operators ac-

tuated through the automatic cycle

timer. In order to keep the oxygen
purity steady there is a short purge

períod at each reversal when the

product stream from the oxygen re-

generators is blown to atmosphere.

The reversing valves on the top

of the regenerators which can be

THE ENGINEERING JOURNAL—AUGUST, 1959 61



soen in 3 aro standarcl douhk'

poit design with a pressure drop ot

less than 10 in. water. Like the rest

of the plaiit tlu" size requiiements

put tlunn in a spocial class. The low

pressure nitrogen valves are 36 in.

in size and eaeh \aKe weighs over a

ton. Speeial neoprene seahng rings

had to he installed on the seating

surfaces to withstand the wear
cansed by opening and closing every

3 minutes and at the same time pro-

vide al)sohitely tight shut-off. After

the initial problems with seats and

sealing ring they have completed

over 2 miUion cycles witliout serious

trouble.

During its passage down the re-

generators the moisture and carbon

dio.xide are deposited on the pan-

cakes and the air leaves the regen-

erator dry and CO^-free at a tem-

perature of -270°F. A system of

check valves controls the flovv of the

high and low pressure streams. These

check valves had to be especially de-

signed for a very low pressure drop

and at the same time be able to

stand rapid opening and closing every

three minutes. They are of cast stain-

less construction with specially treat-

ed high alloy springs. Part of the

check valve assembly for the nitrogen

regenerators is shown in Fig. 4.

DistíIIation Column

The cold dry air from the regen-

erators and the liquid air from the

liquefier provides the feed for the

distillation column. The distillation

section consisting of three columns,

tvvo vaporizers and a subcooler is the

most interesting. It is this section

which differs in many aspects from

the conventional air separation plant.

It has been shown* that for each

mol of pure nitrogen removed in the

column overhead, the minimum re-

flux ratio at the feed plate must be

0.91 mols. This reflux is produced in

the main vaporizer or overhead con-

denser at -290°F at a pressure of

68 Ib. per sq. in. gal. One method of

reducing the power consumption nec-

essary for air separation is to make
the process less irreversible. This can

be done if another condenser is pro-

\ided operating at a higher temper-

ature of -286 °F. At this levei the

minimum reflux ratio is 0.715 mols

and hence there is a saving of 0.195

mols on the amount of nitrogen

which must be condensed b\" the

overhead condenser. The energy thus

saved is used in the second or mé-
dium pressure column to produce a
further separation. A larger volume
of nitrogen is then available for the

turbo expanders to produce the re-

quired refrigeration.

An examination of the flow slieet

is necessary to follo\\' the operation

of the distillation columns and how
the>- are inter-related. As stated

above, the feed to the high pressure

(hp.) column enters at 68 Ib. per sq.

in. gal. with 94% in the vapor state

near its dew point, and the balance as

liquid air. A separation takes place

into pure nitrogen at the top and a

bottoms product called rich liquid

containing about 37% oxygen. The
nitrogen is condensed in the main

vaporizer and part of this condensed

nitrogen is withdrawn to provide re-

flux for the low pressvue column. The
bottoms liquid is withdrawn, passed

through one of a pair of sílica gel

filters. subcooled by the gaseous ni-

trogen product and flashed to the

médium pressure (m.p.) column at 30
Ib. per sq. in. gal. Here a further sep-

aration is made to gixe another pine

nitrogen stream and a bottoms con-

taining 55% ox\'gen. The m.p. column

bottoms flow down through the

tubes of the intermediate vaporizer

at a temperature of -294^ F and

thereb\- condensing a part of the

\apor stream from an intermediate

tray in the hp. column. The interme-

diate vaporizer acts as a condenser

Fig. 3. Regenerators and turbo expanders.
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for the lovver portion of the hp.

column and simultaneously a reboiler

for the m.p. column—the 4° tem-

perature difference being available

from the differences of operating

pressure and the differences in com-

position. The intermediate vaporizer

works in a similar fashion to the

overhead condenser of the hp. column
(termed the main vaporizer) which

is also the reboiler for the low pres-

sure column. The m.p. column bot-

toms product, after subcooling, is

flashed to 5 Ib. per sq. in. gal. into the

overhead condenser. This liquid,

boiling around the tubas, provides the

refrigeration to condense the reflux

nitrogen inside the tubes by exchange

of latent heat. Some of the condensed

nitrogen is flashed to the top of the

low pressure column for reflux. The
liquid not vaporized, and the vapor,

enter as feed to the middle section

of the low pressure column. In the

low pressure column the final sep-

aration of the oxygen product occurs.

The design and construction of the

main vaporizer and the intermediate

\'aporizer presented the biggest prob-

lems in the low temperature section

of this plant. In conventional air sep-

aration units, and in fact ali units up
to this time, the main vaporizer (or

condenser-reboiler) was located be-

tween the two columns, serving as

the top of one and the bottom of the

other. The intermediate vaporizer

could be installed between the 6th

and 7th trays in the high pressure

column with the tubes open at each

end providing the connecting liquid

and gas passages. With a unit of 300
tons day size, handling 30,000 scfm

Fig. 4. Regenerator check valve assembiy.

of air, it is almost impossible to use

a conventional design. Because of the

small (5.5°F.) temperature difference

between oxygen boiling at 5 Ib. per

sq. in. gal. and nitrogen condensing at

65 Ib. per sq. in. gal., the depth of

the liquid oxygen bath is limited to

about 4 ft. To provide the surface nec-

essary, the diameter of the tube sheet

would have to be so large that fab-

rication would be difficult and its

installation between the columns

would be a major problem. This same
situation exists to a lesser degree

with the intermediate vaporizer. The

problem was solved by redesigning

the main vaporizer completely, mak-

MP column overhead condenser tube nest.

ing it a falling film type. B\' pump-
ing the liquid oxygen from a sump
in the bottom of the low pressure

column, the vaporizer could be

erected alongside the high and low
pressure columns. These columns
could then be mounted one on top

of the other. In the case of the inter-

mediate vaporizer the condensed

liquid air is pumped from the bottom

of the shell side back to the hp.

column. The pumps used for this

purpose are standard vertical centri-

fugal pumps with specially designed

packing, a 40 in. shaft and a totally

enclosed impeller. Pumping liquid

oxygen or liquid air at temperatures

of'-280° to -300° F. near the boiling

point, presented some difficulties.

Quite a few headaches were exper-

ienced before satisfactory packings

and bushings were developed.

The médium pressure column con-

denser is about the maximum size

which can be fabricated on the con-

ventional design. It contains over

12,000 Va in. tubes with a 5 ft. di-

ameter tube sheet. Fig. 3 sho\\s the

tube bundle of this condenser during

construction, indicating clearK' the

magnitude of the tubing operation.

Compared with the tube bundle of

the main vaporizer shown in Figure

6 on a newer design principie and
with approximately 2V2 times the

dut\', it will be seen that there is a

big difference in the number of tubes

and the diameter and thickness of

the tube sheet.

For safet>' considerations an addi-

tional vaporizer is added below the

main vaporizer, through \\hich most

of the oxygen product is withdrawn
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as a lic(uul. It is \ apoi i/.cd against

condensiug nitrogen and combined
with the gaseoiís portion witlidiawn
from the main \ aporizor, goes thiough
a separator and out of the plant \\í\

the ox\gen legeneiators. A sliglit

excess of liquid oxygen is sent

througli the auxihaiy vaporizei- so

that liquid oxygen washes dovvn to

the bottoni of tlie ttihes and into the

separator. Tliis li(|nid is purged at

freqiient intervals, depending on tlie

concentration of impurities in the

c)x\gen. The condensed nitrogen is

flashed to the low pressure column as

refhix. tlie flovv being controlled by
automatic Hquid levei control. The
main features which result in safer

operation using the filni type recircu-

lation vaporizer and an auxiliary va-

porizer have been very thoroughly

co\ ered in previous papers^. It is in-

teresting to note hovvever that at

the time this design was conceived

and the plant was constructed, the

industr\' as a whole was not entirely

aware of the extreme importance of

this phase of oxygen plant opera-

tions.

The gaseous oxygen product leaves

the oxygen regenerators via the auto-

matic valves and flows directly to

the suction of the oxygen turbo

blower. This machine incorporates

special features for oxygen service

such as stainless steel rotor, special

seal labyrinths and fully automatic

control. The oxygen is compressed

to 25 Ib. per sq. in. gal. and is carried

Fig. 7. Main control panei.

Fig. 6. Main vaporizer tube nest.

by a 6000 ft. steam traced pipeline

to the copper furnace.

Like ali chemical plants where heat

is involved in the process, air sep-

aration plants have heat losses. It is

perhaps peculiar at first glance to

discuss heat losses for a process oper-

ating at or near -300° but B.t.u.'s are

B.t.u.'s whatever the levei. To avoid

some confusion, the term refrigera-

tion is normally used. The losses of

heat or refrigeration are divided more

or less equally into those due to

warm end temperature differences

and those due to radiation. Careful

design of the heat excliange equip-

ment can reduce the warm end

losses. Oxytons normalK operate

with a 5°F. temperature difference

between air feed in, and separated

products out. By very close group-

ing of the various vessels and piping

and enclosing the whole plant in a

sheet metal box and packing this box

with specially fabricated mineral

wool, it is possible to keep the radi-

ation losses to a minimum.
To compensate for these losses ali

low temperature separation plants

must have a source of refrigeration

supply. In some smaller air plants

this can be provided from the Joule

Thompson effect by expanding cooled

air from a very high pressure of

3000 Ib. per sq. in. gal. to a final low

pressure of 70 Ib. per sq. in. gal. The
main feature of the Ox>ton, namely

low power consumption per ton of

oxygen produced, would be defeated

if the air had to be compressed to

any pressure higher than absolutely

necessary to carry out the separa-

tion. While Joule Thompson refrig-

eration is used to a small extent by
expanding the various liquid streams

from a higher to a lower pressure. it

represents only a fraction of the re-

frigeration necessary. The consider-

ations governing Joule Thompson
effect refrigeration and refrigeration

from an expansion engine or turbine

hàve been cox ered in some detail in

a previous paper*.

The main source of refrigeration

in this plant is provided by expanding
nitrogen, removed from the top of

the high pressure column, in an axial

fiow turbo expander. This nitrogen

stream, reduced in pressure from 65
Ib. per sq. in. gal. to 3 Ib. per sq. in.

gal., joins the low pressure column
overhead and leaves the plant \ ia the

sub-coolers and nitrogen regenerators.

Two expanders are installed. permit-

ting rapid cooling of the plant dur-

ing start up b\' using both in parallel

and pro\'iding a spare machine din-

ing normal operation. Thev' ha\"e a

single wheel and run at a speed of

10,000 r.p.m. The energx" produced
in normal operation is 130 kw. and
is absorbed b\" driving a wound rotor

motor as a generator. The power re-

covered is sufficient to dri\e ali the

auxiliaries, nameh" soda piunp, cool-

ing water pumps, water circulation

pumps and plant lighting. The \ol-

ume required b>" the turbo expander

varies from 26-28% of the total air

feed. This variation depends on the

atmospheric temperatme, rich liquid

filter reacti\ation, cold desiccator re-

acti\ation and the existing pressure

drop across of the regenerators due

to accumulation of CO.^ and water.

Control of the volume tlirouíh lhe
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expander is achieved by changing the

iiumber of opeiating nozzles in the

iiozzle ring. The adiabatic efficiency

is 72%.
Mention has been made of radia-

tion losses and insulation lequire-

ments. As radiation is a function of

surface area, the casing for the low
temperature eqiiipment — tenned a

cold box — must be of minimum
size. Connecting piping and vessel

location must be very carefully

studied in oíder to achieve th is. The
casing consists of a structuial steel

framevvoik on which are fastened

light gage metal paneis. The edges
of the panei are gasketed and sealed

to prevent any air or moisture leak

inward. The whole inside of the bo.x

is filled with mineral wool packed
to a controlled density of 15 Ib. per

cu. ft. In addition to the mineral

wool insulation some of the vessels,

in which the operating temperature
approach that of the condensation

point of air, are individually insu-

lated with 3 in. of foam glass applied

lirect on the vessel. An exception to

the totally enclosed cold box method
of insulation is the insulation pro-

\ided for the regenerators. In this

case each vessel is separately insu-

lated with three layers of Zerolite

blocks, each layer being 4" thick and
covered with a vapor seal. A thin

aluminum sheet is wrapped around
the outside to protect the block from
damage and preserve the vapor bar-

rier.

Except during initial start-up when
the main air compressor is on man-

ual, the plant can be entirely oper-

ated from the control panei. Ali

valves used in normal operation are

air operated and automatic lic^uid

levei and automatic analysis control

is used whenever possible. The con-

trol panei is shown in Fig. 7. The
necessary gas analysis, performed by
the operator to check the analyzers,

is carried out in front of the control

panei so that he does not need to

leave the area. A small laboratory is

provided adjacent to the control area

where routine tests are made.
Considerable care was taken in

choosing a location for the plant with

reference to smoke and fume con-

centrations from the Inco refinery.

The site chosen is more than a mile

away, on the prevailing upwind side

of the main plant. Careful acetylene

anaylsis of the liquid oxygen in the

separator is carried out by the oper-

ator and regular checks are made by
the control laboratory on the liquid

oxygen and the rich liquid. The plant

location is such that the Oxyton re-

ceived the cleanest air possible, how-
ever impurities control is not relaxed.

The test runs on this plant, proved

that it has an average capacity of

330 tons/day with an average power
consumption of 3.50 kwh./ton. The
unit has run for as long as £¥2 years

without a major defrosting (derim-

ing). The shut-down periods, of nec-

essity, have to be tied to the flash

furnace operation and with one ex-

ception are every 15 to 18 months.

Two operators per shift can run the

plant very easily and handle ali nor-

mal shut-downs and start-ups. \V'hen

power failure shut-downs occur the

plant can be restarted and on stream

in less than 2 hours.

It had been predicted man\- years

ago that large capacity air separation

píants would eventually be utilized

in the chemical and metallurgical in-

dustry. With the successful on stream

operation of the Oxyton at Copper

Cliff, on a somewhat larger scale

than had been hitherto attempted,

this prediction has come true. The
whole process of oxygen plant, cop-

per flash smelting furnace and liquid

sulphur dioxide plant represents a

big advance in technology in the

metallurgical industry, each part

being a necessary requirement for

the proper development of the others.
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HEADQUARTERS COMPUTATION CENTRE

FOR THE H. E.P.C. OF ONTÁRIO

to meet the Ontário Hydro's require-

ment for a system to collect data

from area offices automatically on a

sequential basis.

The automatic-manual and manual
modes of selection provide consider-

able flexibilit\' in operation. The
ability to condition the equipment
to change its mode of operation with-

out interferring with current traffic

results in a saving of operator's time.

(continiied from page 59)

Dependability is ensured by the

independance of manual and auto-

matic circuitry. In addition the use

of plug-in components and plug-in

sub-assemblies enables service to be

quickly restored in the event of a

component failure.

The stop feature enables priority

to be given to a station and also per-

mits an operator to stop a station

sending incorrect tapes or tapes con-

taining errors thus reducing the waste

of machine time. No pro\ision was

made to indicate to the remote sta-

tion the reason for the stopping of

the transmitter since the HEPC has

an order phone circuit. However, it

would be possible to pro\'ide indica-

tions to show that the station was

stopped due to the control station

giving priority to another station, or

due to detecting incorrect tapes or

tapes containing errors.
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Design and Erection Features

of the

Vertical Lift Bridges

for the

St. Lawrence Seaway Authority

W. G. H. Holt, M.E.I.C., General Manager, Mechanical Division

Dominion Briclge Componij Limited, Montreal, Que.

THERE ARE twelve crossings of

the new St. Lawrence Seaway;
five are vertical lift bridges, three

are high levei highway bridges, two
are rolling bascule bridges, and two
are bob-tail swing spans. This paper
deals with the vertical lift spans

only and these may be located on
the map shown. The names of the

sites working upstream from the Mon-
treal harbour to Lake St. Francis

are: Lower St. Lambert, Upper St.

Lambert, Caughnawaga, St. Louis and
\'alleyfield. These lift spans were
ali constructed in or close by exist-

ing bridges over either the St. Lawr-
ence River or the Beauharnois Canal.

Early in 1955, after having de-

cided upon the general types of

bridges for the different crossings,

The St. Lawrence Seaway Authority

requested assistance from the Domin-
ion Bridge Company to design verti-

cal lift bridges for the C.P.R. cross-

ing of the new canal at Caughna-
waga, such technical assistance to

include an investigation and report

on the relative merits of different

operating mechanisms. These services

were subsequently extended to in-

clude the design of the two cross-

ings of the St. Lambert Lock and
to assist in the design of the operat-
ing machinery for the St. Louis and
\'alleyfield crossings of the Beauhar-
nois Canal. The structural design of
the last named bridges, as well as

the electrical design of ali bridges.

was carried out by Authority engin-

eers.

As it had been nearly twenty-five

years since a major lift bridge had
been built in Canada, it was decided

that it would be wise to visit similar

bridges both in this country and the

United States before starting an\'

detail design work. Representatives

of the Authority, the Canadian Pa-

cific Railway and the designers parti-

cipated in this study. First, several

lift bridges on the Welland Canal
were inspected, mainly to learn what
difficulties had arisen in operation

and maintenance, since they were
built twenty-five years previously.

Secondly, several lift bridges in the

vicinity of New York City were in-

spected to investigate the merits of

a recent type of lifting machiner\-.

Finally a trip was made to Cleveland

where some of the most recenth'

designed bridges were still under

construction.

The first major decision which had

to be made was whether "Span-

Drive" or "Tower-Drive" type of

lifting machinery should be used.

With "Span-Drive". the operating

machinery is located in a house,

mounted on the movable span, and
the span is raised or lowered b\"

means of uphaul and downliaul ropes.

anchored respectively to the top and
the bottom of the tower legs. Any
out-of-level of the four corners of

the span may be easily corrected by

adjustment of the uphaul and dowii-

haul ropes through simple worm
take-up devices. This system, which
had been used for some fifty years.

had proven entirely satisfactory on

the vertical lift bridges of the \\'el-

land Canal.

The "Tower-Drive" was first de-

\eloped some twenty years ago in

the United States. In this s\ stem, the

drive machinery is mounted on the

tower tops and is coupled through

gearing to the counter-weight sheaves.

The span is raised or lowered by
rotating the counterweight sheaves. so

there are no uphaul and dou nhaul

ropes. Originally the problem of

maintaining uniform leveis at the

four corners of the span presented

serious difficulties because it was
difficult to machine the four counter-

weight sheaves the same diameter.

Also the levei was entirely depend-

ent upon the friction between the

counterweight ropes and sheaves.

Subsequently, to oxercome these dif-

ficulties special electrical circuits

were de\ eloped. For a-c wound rotor

drive motors. s\nchronizing control

w as provided; and for Ward Leonard

drives, various forms of speed regu-

lating equipment were provided. After

a great deal of inxestigation, it was
decided to adopt the "Span-Drive"

t\ pe as the cost was low er for bridges

of the lengtli required for the Sea-

wa>\

One of the troublesome things
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about the existing "Span-Drive"

bridges was the operating ropes run-

ning horizontally from sheaves at

the four corneis of the span to drums
at the centre. Because the ropes could

not run through ali the posts and
diagonais of the triisses, the machin-

ery house had to be placed on top

of the span which is very unsightly.

Also these ropes tended to drip lubri-

tant on the top chords. To overcome
these drawbacks, the drums were
placed near the four coniers of the

span and driven through bevel gear-

ing by a line shaft located down the

middle of the span from a central

machinery house below the top

chords. The line shaft took the place

of the horizontal ropes.

The deliberations above did not

concern the Upper and Lower St.

Lambert bridges for the Canadian
National Railways as these bridges

liad a much shorter span. They only

cioss the 80 ft. vvidth of the St.

Lambert lock while the other three

cross the 250 ft. and 200 ft. vvidths of

the canal reaches. The Canadian
Xational Railways' experience vvith

tlieír lift bridges over the Lachine
canal had been very satisfactory since

they were built fifteen years ago so

they decided to use a similar de-

sign. In this case, the dri\'e machin-
ery is at the centre of a trussed

bridge between the tops of the towers

and the span is operated by uphaul
and downhaul ropes running over

sheaves to anchor points on the span
and counterweights respectively. This

design also readily lent itself to

twinning the lock at a future date.

At this stage, the designs, drawings
and specifications for the respectiva

bridges were started and the follow-

ing sections describe the various parts

in detail.

STRUCTURAL
One of the peculiaríties of these

five lift bridges was that there were
four entirely different arrangements

of railway tracks and roadways. Only
two bridges are alike in this respect.

The various arrangements may be
seen in the accompanying cross-

sections of the bridges.

Lower and Upper St. Lambert Bridges

Two lift bridges were built at the

St. Lambert lock in order to avoid

interruptíon of rail and road traffic

and to reduce to a minimum inter-

ference with Seaway traffic. The
lower bridge replaced the south end
span of the Victoria bridge and
crosses the canal at an angle of 76°

32' at a point adjacent to the down-
stream lock gates. The upper bridge

crosses the canal at right angles at

a point near the upstream lock gates

and functions as a by-pass route.

Rail and road traffic will normally

travei over the lower bridge but when
it is raised, the traffic will be by-

passed over the upper bridge.

Roth bridges are designed so that

an additional lift bridge can be added,

if a twin lock is ever built.

The cross-section of the lower

bridge was governed by the existing

format of the Victoria Bridge which
consists of double tracks on 13 ft.

centres flanked by two 16 ft. road-

ways cantilevered outside the trusses,

ali on a .77% grade going down to

St. Lambert. The bridge structure

was also designed so that the rail-

way grade could be raised in the

future, if and when, Victoria bridge is

rebuilt. The base of rail would then

be nearly 9 ft. higher than it is at

present, and the new grade would be

.19%. The roadways of the rebuilt

bridge would probabh- cross the canal

above the navigation clearance line,

so provision has been made in the

design for the future removal of the

roadways from the lift span with a

corresponding modification of the

counterweights. The spans of the

lower bridge are of the deck plate

girder type 107 ft. 7 in. long.

The upper bridge, although it will

carry the same traffic is quite differ-

ent in cross-section. It carries the

double tracks on a levei grade twenty

feet above the roadways. The lift

span is therefore a double deck
trussed structure 31 ft. 6 in. centre

to centre of trusses and 96 ft. long.

The two tracks are on 13 ft. centres,

laid on a steel deck supported by
cross beams. The roadway portion

consists of four separate 12 ft. lanes,

two inside the trusses, and two canti-

levered outside.

Both lift spans have portal girders

supported and braced by "A" frames.

The counterweight and uphaul oper-

ating ropes are attached to the portal

girders. They are also arranged to

carry future trolley wire systems in

case the railway is electrified.

The structures are designed in ac-

cordance with the CS. A. Railway

Bridges Specification Sl-1950 and the

CS.A. Highway Bridges Specifica-

tion S6-1952. The railway live load-

ing is Cooper's E60 for both bridges.

The roadways of the lower bridge

are designed for one 13V2 ton truck

per lane plus 30% impact. This load-

ing represents the maximum capacity

of the existing Victoria bridge road-

ways. The upper bridge roadways are

designed for one H20-S16.1932 truck

per lane plus 30% impact.

The pier members for both bridges

are of the dished disc type. The
bearing surface of that portion of the

pier member assembly that is at-

Fig. 1. Sites of the five vertical lift bridges.

45 MILES
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tached to the lift span consists of

a hard bronze plate that can slide

on the pedestal part of the assembly

which is bolted to the foundation

concrete. Although the pier members
normally carry live loads only, they

are also designed to carry both dead
and live loads at 50% increased unit

stresses for the emergency condítion

of the counterweights in the jacked

position, with no stress in the counter-

weight ropes.

For the upper lift span, guide shoes

are provided at each corner in the

plane of the bottom chord. They en-

gage guide angles located on the

centre of the outside faces of the

main posts of the tower structure.

Javv type guide castings are used at

the fixed end which position the span

both laterally and longitudinally dur-

ing its vertical travei. The guide shoes

at the expansion end position the

span in the transverse direction only.

Guide shoes are placed in a similar

arrangement at each corner of the

span, in the plane of the top chord.

These guides position the span in the

lateral direction only. The running
surfaces of ali guide shoes are fitted

with renewable bronze wearing
plates. The guides on the tower posts

are so arranged that ali running clear-

ances are reduced to Vs in. during

the last two feet of span travei, as it

seats. The wind reactions from the

top deck of the lift span are delivered

to the tower structure by means of

the upper guide shoes, so that it was
not necessary to provide end portal

bracing on the lift span. Because the

lower bridge is a plate girder struc-

ture, it has only one set of guide

shoes, located in the plane of the

main lateral bracing system.

A centering device located at the

fixed end consisting of a pin sup-

ported by the lift span framework,

engages a hole in a plate supported

by a fixed portion of the structure,

and centres the span both laterally

and longitudinally. This device also

resists the longitudinal wind and
tractive forces. Centering devices of

the tongue and slot variety, are lo-

cated at the expansion ends of the

lift spans to center the bridge lateral-

ly to plus or minus 1 32 in. to ensure

proper mating of the rail-breaks.

The counterweights consist of steel

boxes filled with concrete. They are

rectangular in cross-section and are

each 10 ft. wide by 7 ft. deep and

34 ft. long. They have balance block

compartments on top with removable

panei covers. Each countenveight is

guided b\- four bronze guide shoes.

which engage guide angles supported

in the bents and towers.

A built-in system of links and pins

located in the overhead bridge struc-

ture makes it possible, by a series of

jacking procedures, to suspend the

entire counterweight from the over-

head bridge if it becomes necessary

to change counterweight ropes. or

for any other maintenance reason.

The total weight of the movable
span is 596 tons for the lower bridge

and 532 tons for the upper bridge.

The normal lift of the lower bridge

is 96.5 ft. and of the upper bridge

100 ft. which is needed for a 120 ft.

vertical clearance for the Seawa>\ A
3 ft. overtravel in excess of 120 ft.

clearance was also pro\'ided.

The tower structures of both

bridges are similar and some parts

are identical. The general principie

of framing is similar to the C.X.R.

\ertical lift bridges over the Lachine

canal."

An oxerhead bridge carries the

machiner)^ house at the mid-span

(Refer: Engineering Journal, July 1946,

Page 415.)
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Fig. 3. Lower St. Lambert lift bridge which replaced the south end span of the
Victoria bridge. It is located just downstream from the lower lock gates of the

St. Lambert lock.

point, and is supported at one end

by a bent, and at the other end by a

rectangular tower, which gives longi-

tudinal stability to the entire struc-

ture. The present arrangement as

seen in elevation has a lopsided ap-

pearance, however, the tower is de-

signed for the addition of another

overhead bridge and bent, at the

time a future twin lock is built. The
complete structure would then be

more symmetrical, and not unlike

the Lachine canal bridge.

The south approach span for the

upper bridge is, except for its length,

similar to the lift span, and is identi-

cal in many details. It is designed so

that it can be easily converted into

a lift span if the twin lock is built.

The total length of the lower bridge

structure is approximately 258 ft.

being equal to the length of the

\'ictoria bridge span which it re-

placed. The total length of the upper
bridge project is 314 ft.

Caughnawaga Bridge

The two tracks of the Canadian
Pacific Railway cross the 250 ft. wide
canal at an angle of 59°. They are

27 ft. centre to centre, lie on a grade
of .5% and are carried separately on
twin vertical lift spans. The two spans
are offset a distance of about 16 ft. in

the longitudinal direction, because
of the skew crossing.

Twin spans were built in prefer-

ence to a single double track struc-

ture. The main reason for using twin

Fig. 4. Upper St. Lambert lift bridge
will be used to by-pass traffic when the
lower bridge is raised. It is located just

upstream from the upper lock gates of the
St. Lambert lock.

spans was because they provided

greater flexibility of railway opera-

tion. If one span were inoperative

because of accidental or mechanical
causes, the other could carry the

traffic during the emergency. The
railway has provided crossovers be-

tween their tracks so that either

bridge may carry both northward and
southward traffic.

A cost analysis was made to deter-

mine the economy of using low-

alloy steel, in the lift span trusses

and floor system, and in the tower
main posts. This analysis indicated a

small saving in material cost but it

was largely offset by increased shop

costs due to the use of two kinds of

Steel in the same structural compon-
ents. Because the estimated saving

was not large enough to be signifi-

cant, and also because the railway ex-

pressed a preference for the use of

médium structural steel as it is easily

weldable in case emergency repairs

are required, it was decided not to

use low-alloy steel.

The main trusses of the lift span

are 19 ft. centre to centre and have
a total length of 322 ft. They are

45 ft. deep at the centre and provide

space for the machinery house be-

tween the railway clearance and the

top lateral bracing system. The ties

are supported on 42 in. deep plate

girder stringers spaced 8 in. apart.

Special contraction joints were placed

in the stringer system at the third

points to prevent tension stresses

being induced in them. Perforated

plates were used instead of lacing

on structural members, where prac-

ticable, for ease of maintenance and
good appearance.

Double web girders 5 ft. deep join

the two trusses just above the rail-

way clearance at each end of the

span. The counterweight ropes are

attached to these girders, at each
corner of the span.

The structure is designed in ac-

cordance with the CS. A. Railway
Bridges Specification Sl-1950. The
railway live loading is Cooper's E70.

The lift span fixed-end pier mem-
bers are in the form of a jaw type

weldment attached to the span. As
the span seats, this jaw engages a

pin located in a pedestal weldment
bolted to an extension of the base

slab on which the main tower post

seats. These pier member units ac-

complish the final longitudinal cen-

tering of the lift span during its

last two inches of travei, and when
the span is closed, they carry ali the

longitudinal wind and tractive forces.

The expansion-end pier members are

made of weldments of the rocker

type. They are spring loaded to

ensure that the rockers will be verti-

cal when the span seats.

The span guide shoes are similar

to those described for the Upper St.

Lambert Bridge.

To ensure perfect lateral mating

of the rail-break assemblies, center-

ing devices were provided under

the end floorbeams at each end of

the span. These "tongue and slot"

weldments centre the lift span later-

ally to ± 1 32 in. during the last 2

inches of travei, as it seats.

Each counterweight consists of a

rectangular steel box, 11 ft. 9 in.

thick, 16 ft. wide and 40 ft. 3 m.
high, filled with concrete. The % in.

thick skin plate is supported b\'

systems of horizontal and vertical

ribs, giving an unsupported panei
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Fig. 5. Caughnawaga twin lift bridge which provides flexibilíty of railway operation.

Cross overs were provided between the two tracks approaching from either side so

that if one span is damaged ali trains can use the remaining span.

.ipproxiinatfly 4 ft. squaie. The plate

is closigncd tor the liyihaulie pressiire

ívom wet eonerete at the time the box
is beiíiií tilled. A systein of struts in

twt) chreetions ^ives ligídity to the

paiielhng. A giillage of timbers,

attaehed to the bottom of the coun-

terweight, aet as a buffer, in case

the eounterw eiglit slioiíld stiike tlie

deek of the bridge diie to aecidental

o\ertia\el of the hft span. The npper
poition of the eouiitei w eiglit box con-

sists of a eompaitment for the plac-

ing of concrete bahince blocks. This

block storage space is weathertight

and is entered by means of a trap

door. Eaeh counterweight is guided
by four bronze gnide shoes, which
engage gnide angles supported on
the tower bracing.

The total weight of each movable
span is 955 tons. Because the base

of rail is some 48 ft. above high
water, a normal lift of only 78 ft. is

required for the 120 ft. vertical

clearance needed for the Seaway. A
3 ft. overtravel, in excess of the 120
ft. clearance, was provided.

Each tower supports two 15 ft.

counterweight rope sheaves at an
elevation some 141 ft. 6 in. above
the pier top. The front tower posts

are vertical and each pair carry the

dead load of one half of the lifted

span and one counterweight, as well

as being subjected to bending loads

from the lift span guide shoes, and
wind overturning forces. These were
built up of plates and angles to

form an "H" cross-section. The tower

Fig. 6. St. Louis lift bridge which replaces
two spans in the north end of the St.

Louis bridge.

back legs are essentially parabolic in

outline and are relatively slender.

The bottom portion of the tower acts

as a 66 ft. span bridge with the

same type of deck as is used on the

lift span.

Girders are incorporated into the

longitudinal faces of the tower, a

short distance below the bottom of

the counterweights when they are

in their upper position. Temporary
beams can be laid across these gird-

ers from which the counterweight

may be jacked, and supported tem-

porarily, if and when it becomes nec-

essary to renew counterweight ropes.

The fixed end of the balance chains

are also supported on a transverse

beam framed to the towers.

Deck plate girder approach spans,

55 ft. long, flank the towers at both
ends of the project, to give the ap-

proach embankment room to spill

around a buried type of abutment
pier.

The total length of steel structure

is 577 ft.

St. Louis and Valleyfield Bridges

The St. Louis and V^alleyfield

bridges both cross the Beauharnois
canal at right angles and are levei.

They span an opening 199 ft. 6 in.

wide between two piers flanking the

Seaway channel. Provision was made
when building these bridges about
thirty years ago for the future in-

stallation of lift bridges. In succes-

sion there was a 75 ft. span, two 100
ft. spans, and then another 75 ft.

span. The piers for the 75 ft. spans

were made wide so that towers could

be erected over theni. The two 100
ft. spans were anchored in such a

nianner that they could easily be re-

moved, the extreme ends resting on
the wide piers for the towers, and the

niating ends on a temporary pier.

The new lift span replaces the two
100 ft. spans and their centre sup-

porting pier.

Each of these bridges carries a

single raihvay track and a double lane

roadwa\'. In cross section they look

alike but there are slight varations

due to different railway loadings and
roadwax ^^idths. The roadway on
the St. Louis bridge is 18 ft. wide
and on the \'alleyfield bridge 28 ft.

wide. The truss centres are respec-

tively 43 ft. 10 in. and 49 ft. 8 in.

In both cases ali material in the

trusses on the railwa\- side, except

gusset plates and stiffening angles,

is of ASTM A-242 low allo>- steel.

These two structures are designed

in accordance with the C.S.A. Rail-

way Bridges Specification Sl-1950,

the AREA Specification for Mo\"able

Bridges (\'alle>field only) and the

C.S.A. Highway Specification S6-

1952. The railway li\'e loading at

St. Louis is Cooper's E60 and at

\'alleyfield Coopers E70. The road-

\\a\s are designed for a lixe load

of 'H20-S16 plus 30% impact or U-
100 per lane.

The various structural parts of

both these bridges such as the pier

members. span and counten\eight

guides. centering devices and towers

are similar to the Caughnawaga
bridge and need not be described

again. The counterweight box dimen-
sions are 11 ft. 9 in. thick, 14 ft.

6 in. high. hy 40 ft. 7 in. wide at

St. Louis and 46 ft. 5 in. wide at

Valleyfield.

The total weight of the St. Louis

span is 1212 tons and the \"alley-

field span 1402 tons. A normal lift

of 113 ft. 6 in. and 114 ft. 6 in.

respectiveh is required for the 120
ft. Seawa\- clearance. A 3 ft. over-

trax el, in excess of the 120 ft. clear-

ance. was again provided.
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Each tower suppoits two 13 ft.

counterweight rope sheaves at an

elevation 182 ft. above the pier top.

The total length of each of these

lift bridges is 370 ft. including the

original 7.5 ft. spans beneath the

toweis.

MECHANICAL
The mechanical parts of ali the

bridges were designed in accordance

with the CS.A. Provisional Speci-

fication for Movable Bridges (First

Draft).

Counterweight Ropes

The counterweight ropes for the

St. Lambert and Caughnawaga
bridges were ali cut from a special

Grade 110/120 steel wire rope, V/s

in. in diameter, 6 x 19 construction,

with an impregnated heinp centre.

A breaking strength of 320,000 Ib.

was specified, and this figure was
included in the requirements as the

minimum value to be shown by any

full size destruction tests.

The requirements for prestressing

were to stretch the rope gradually to

a tension of 48,000 Ib., a load safely

over the maximum value likely to

occur in service, and also a value

which would not squeeze out the

lubricant used in their manufacture.

This load was held for a period of

time until no appreciable stretch was
observed. The tension was then grad-

ually released to about 11,000 Ib. and
again brought up to the marking load

of 32,000 Ib.

The metallic area of each rope was
calculated to be 1.45 sq. in., and a

factor of safety of 10 was required

on the direct tension, thus giving an

allowable unit of 22,000 p.s.i. The
bending stress induced by passing the

rope over the 15 ft. sheave was
assumed to be:

—

This being equal to 13,400 p.s.i.,

therefore, the maximum allowable

combined unit stress was 35,400 p.s.i.

This gave a factor of safety of 6.2,

the specified allowable being 5.

The counterweight ropes were cal-

culated on the basis of equal distri-

bution of weight between the four

corners of the span. The St. Lambert
bridges have twelve ropes per cor-

ner and the load in each rope is

24,800 Ib., with a direct tension unit

of 17,100 p.s.i. This was well under

the allowable, but the ropes were
designed to be the same as will be
used on a possible future and larger

span when the lock is twinned. The
Caughnawaga spans have sixteen

ropes per corner and the load in each

rope is 29,800 Ib., with a direct ten-

sion unit of 20,600 p.s.i.

The counterweight ropes for the

St. Louis and Valleyfield bridges were
designed and prestressed in a simi-

lar manner but required rope 2Vs in.

in diameter. These spans have six-

teen ropes per corner and the load in

each rope is 45,300 Ib., with a direct

tension unit of 26,600 p.s.i.

Counterweight Sheaves

The counterweight sheaves are ali

15 ft. in diameter and four in num-
ber for each span. They were fabri-

cated by forming and welding to-

gether À.S.T.M. A.373-54T. struc-

tural steel plates. Rough turned forged

steel trunnion shafts were inserted

into the sheave webs and arms, and
were integrally welded into place.

By using this construction, the

sheaves were much lighter than if

they were cast. Also time and labour

was saved over the conventional cast

steel sheaves where the hubs have to

be bored and key-seated, and the

shafts fitted by either heating the

sheave or cooling the shaft. The

E = modulus of the wire = 28,500,000
.1 Ed/D where d = diameter of each wire = .121 in.

D = diameter of the sheave = 180 in.

Fig. 7. Counterweight sheaves with integ-

ral trunnions fabricated in welded steel.

sheaves were stress relieved before

machining.

For the counterweight sheaves steel

cast pillow blocks, heavily bushed
with phosphor bronze, were seated

on structural members at the top of

the towers. Deep reservoirs, with

plate steel lids, were cast integral

with the bearing covers for storing

grease.

Grease channels were machined in

both the trunnion shafts and the

bushings. Pressure grease fittings

were supplied for the bushings which
allows the journals to be lubricated

independently to facilitate starting up
atfer a winter shutdown.

The use of rolling t\pe bearings

was considered but the extra cost of

them over bronze bushed ones was
decided to be too high considering

the many years trouble-free service

given by the bronze type on the

Welland canal bridges.

Balance Chains

Weight was supplied in the forni

Fig. 8. Machinery layout at Caughnawaga showing maín drive machinery at the centre, and the operating drums at the ends,
of the span.

MAIN DRIVE MOTORS

^ S_PAN

5 Tl

AUXILIARY DIESEL GENERATOR
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i)l (.li.iin liiiks to l)alaiKC' lhe weight

i)t tho countoi weight r()pt\s, as they

nH)\e o\er the slioa\(\s fioin the span

side to the towcv side and vice-

\eisa.

the St. Lambert bridges, one
oiid oí each balance chain is con-

nected to the counterweight and the

otlier end to the movable span. These
diains hang down outside of the

lailway track clearance Hmits, and
in oíder to prevent any encioachment,

dne to s\\ ing of the chain fiom wind
or other causes, the lower pait of the

chain passes around a flanged wheel
which is secuied to a structural post.

The weights of these wlheels are

carried by the chains and the con-

nections to the post are such that the

wheels have a free vertical motion to

take care of variations in the length

of chains due to differential tempera-

ture changes or wear. The chains

are made of cast iron blocks and
links connected together by steel

pins, the weight being approximately

the same, per foot length, as one

group of counterweight cables. The
counterweight of these bridges was
theoretically equal to the weight of

the span.

The Caughnawaga, St. Louis and
Valleyfield spans have a different

type of balance chain to that de-

scribed above. This chain hangs in

the form of a catenary, under the

counterweight, one end being

attached to the counterweight and
the other end to the tower at a point

slightly above the mid-point of the

span travei. This makes the effec-

tive length of the chain half the

length of the unbalanced counter-

weight ropes. To maintain a theor-

etical balance at ali positions of

Table I. Operating Kope Forces (Ib.) and motor torques starting, accelerating
and riiniiing for l>alanced and unbalanced operation.

Case "A" Normal Time

Lijt Span Force due to Start

Lower St. Lambert
Friction 27,950
Inertia

Ilope Bending 3,240

2H Ibs. Wind 14,000

2}4 Ibs. Ice

Total Force 45,190

Corresponding
motor torque

Accel.

19,350
11,320

3,240
14,000

Run

19,350

3,240

14,000

47,910 36,590

Start

27,950

3,240
14,000
19,000

64,190

Case "B" Excess of
Normal Time

Accel.

19,350
6,740
3,240
14,000
19.000

62,330

Run

19,350

3,240
14,000
19,000

55,590

(foot-pounds) .... 1,000 963 737 1,420 1,253 1,118

Caughnawaga
Friction 56,000 38,600 38,600 56,000 38,600 38,600
Inertia 14,950 8,880
Rope Bending 5,250 5,250 5,250 5,250 5,259 5,250

2}4 Ibs. Wind 13,000 13,000 13,000 13,000 13,000 13,000

214 Ibs. Ice 13,000 13,000 13,000

Total Force 74,250 71,800 56,850 87,250 78,730 69,850

Corre.sponding
motor torque
(foot-pounds) ... 1,430 1,235 978 1,680 1,360 1,205

Valley field

Friction 86,000
Inertia

Rope Bending 9,750
2I9 Ibs. Wind 28,000

2h2 Ibs. Ice

Total Force 123,750

Corresponding
motor torque
(foot-pounds) 3,260

59,500
29,400
9,750

28,000

59,500 86,000

9,750
28,000

126,650 97,250

2,030 2,250

9,750
28,000
28,000

151,750

4,000

59,500
13,100

9,750
28,000
28,000

126,550

59,500

9,750
28,000
28,000
125,250

2,920 2,900

travei the main counterweights are

lighter than the span by an amount
equal to the weight of the counter-

weight ropes and the balance chains

are twice the weight of the counter-

weight ropes. The chain consists of

cast iron blocks, with lugs, con-

nected together with steel pins.

Span Locks

In order to insure proper seating of

the spans, a locking device is pro-

Fig. 9. Speed torque characteristics of the automatie a-c. control of the operating

machinery.
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\ ided at each corner of each span.

The locks consist of a toggle lever

type mechanism and are so designed

that the contacting arms or hooks,

of which there is one to each lock,

are swung outwards and dowiiwards

(as on the St. Lambert spans) or out-

wards and upwards (as on Caughna-

waga, St. Louis and Vallexfield

spans) in the driving operation until

they bear against special brackets on

the span or the towers as the case

may be. As the toggle straightens

under this power stroke the hooks

can develop enough pressure to force

the span down tight on to its shoes

and so line up the rails and roadways

verticalb'.

On the St. Lambert spans these

locks are moimted on structural steel

girders anchored to the tower piers.

The hook locks down on brackets on

the movable span floor beanis. They

also ha\e another function to per-

form. These spans to ali intents and

purposes have no dead load reaction.

and as the bridge shoes are placed

inside the cantilevered roadways, an

overturning moment can occur when
one roadway is loaded and the other

unloaded. The span locks are mounted

close to the bridge shoes, and are

designed to resist this overturning

load, as a static condition.

On the Caughnawaga, St. Louis
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and Valleyfield bridges, transverse

struts are placed at the ends, paral-

lel to the lifting girdeis and in the

plane of the top chord upon which

the span lock mechanism is mounted.

The hooks bear up against special

brackets mounted on the front legs

of the towers.

Operating Machinery

The operating machinery for the

St. Lambert bridges is located in

weatherproof steel machinery houses

on the overhead structure. Each set

of machinery consists of four grooved

drums of welded steel construction,

two on the upstream side and two on

the downstream side of the bridge.

Each pair is driven by a common
cross shaft, which has a pinion at

each end meshing with gears on the

dnmis. The cross shaft is driven at

the centre by means of a double her-

ringbone gear rolling bearing reducer

coupled to the two 150 hp. motors.

There are eight operating ropes

for each span, one uphaul and one

downhaul at each corner, each IV4

in. in diameter, 6 x 19 construction.

One uphaul rope and one downhaul
rope is wound on and anchored at

opposite ends of each drum. The four

uphaul ropes lead from the under-

side of the drums over large guide

sheaves, at the corners of the over-

head structure, to the span. The four

downhaul ropes lead from the top-

side of the drums, over guide sheaves

and are attached to the counter-

weights. To raise the bridge the op-

erating machinery and ropes exert an

upward pull on the movable span,

and to lower the span, an upward

pull on the counterweights. The op-

erating ropes are anchored to the

span and counterweight by a self-

locking worm and take-up drum.

The ropes are pre-tensioned by apply-

ing torque to the worm shaft and are

prevented from loosening due to the

self-locking feature of the worm and

worm gear.

A gas engine is fitted to the ma-
chinery on the lower St. Lambert
bridge only, for emergency purposes.

It consists of a vee-eight 75 hp. gaso-

line engine connected to the ma-
chinery cross shaft through a spur

gear rolling bearing reducer and

clutches. A friction clutch and a slip

type coupling is inserted between

the engine and the gear reducer and

a sliding jaw type clutch and revers-

ing gear is incorporated in the re-

ducer.

Thrustor operated brakes are

mounted on the back end of each

motor and also, at each end of the

drive cross shaft.

The Caughnawaga, St. Louis and

Valleyfield bridges have the operat-

ing machinery installed on the lift

spans. Four, double pitch, grooved

welded steel drums are attached just

below the top chords of the trusses,

one at each corner near the ends of

the spans. They are connected to

the machinery at the centre by means
of transverse and longitudinal shaft-

ing through suitable spur and bevel

gear reductions ali turning in bronze

bushed bearings. The longitudinal

cross shaft is driven at the centre by
means of a double herringbone gear

rolling bearing reducer coupled to

two 150 hp. motors at Caughnawaga

Fig. 10. 109 ton tower derrick used to

construct the lower St. Lambert bridge.

and two similar reducers coupled to

four 150 hp. motors at St. Louis and
Valleyfield.

There are sixteen operating ropes

for each span, double ropes being

supplied at each corner for each of

the uphaul and downhaul motions.

The ropes are 1 in. ín diameter at

Caughnawaga and 1% in. in diameter

at St. Louis and Valleyfield, 6 x 19

construction. The uphaul ropes, in

pairs, lead from underneath the drums
around large deflector sheaves, up
the tower face to guide sheaves at the

top and then to the self-locking take-

up drums fixed to a cross-girder at

the top of the towers. The downhaul
ropes, in pairs, lead from the top of

the operating drums, over large de-

flector sheaves down towards the

base of the tower and thence to the

take-up drums fi.xed to the tower
legs.

An auxiliary diesel generator was
supplied for each of the Caughna-
waga, St. Louis and \'alleyfield

bridges. The diesel engine, with re-

versing gear, was mechanicalh' con-

nected to the main drive shaft by a

helical gear rolling bearing reducer.

A friction type clutch was placed
between the engine and the gear re-

ducer and a jaw clutch was inserted

at the drive shaft.

Thrustor operated brakes are

mounted on the back end of each
motor and also at each end of the

longitudinal shaft.

Pneumatic Buffers

Air buffer cylinders are installed,

on ali bridges, to check or cushion the

Fig. 11. Railway girder span is being lifted into place at Lower St. Lambert showing
second track in readiness for trains.
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fiicl ot thr ilow n\\ aicl \eitit'al niove-

iiuMit of the littfd spaiis. Tlie piston

rods ha\e an acljustahlc eiid piece of

hardened steel which beais on plates

anchorod to the pieis. The exhaust

air is piped through a contiol needie

\alve aiid an oil fog lubricator to the

rod end of the buffer c>linder. This

nieans tliat the cyhnder walls are

spiaved with oil each time the buffer

operates. A steel compression type
spriiig is also fastened on the out-

side around the piston rod to ensure

that the piston falis into operating

position.

Rail Breaks

Manganese steel rail breaks of the

sliding wedge type were provded at

the St. Lambert and St. Louis bridges.

These reciprocate horizontally by
means of an electric motor driving,

through a worm gear reducer, levers

and links which forni a self-locking

toggle, thus fixing the rail wedges
against movement from the wheels
of the train. A slightly raised part
lifts locomotive and car wheels as

they pass the rail gap thus minimiz-
ing noise and impact.

At Caughnawaga and Valleyfield

the rail break design is similar to

some recent ones installed in the

United States. There are no sliding

parts, the rails being lapped together

at the breaks. They practically elim-

inate noise and impact and allow
trains to travei at full speed.

Operating Torques and Speeds

The specifications called for these
bridges to be raised and lowered in

a normal operating time against the
forces caused by:

—

(Case A) Friction, inertia, rope
bending and wind.

In a period of time somewhat slower

than normal against the forces caused

by:—
(Case B) Friction, inertia, rope bend-

ing, wind and an additional unbal-

anced force caused by ice.

The table shown gives these forces as

applied to the operating ropes of the

various bridges.

The St. Lambert bridges are de-

signed to open in 90 sec. normal

time, 15 sec. being allowed for the

rail and span locks, leaving 75 sec.

to raise the bridge 96 ft. 6 in. This

corresponds to a speed of 1.49 f.p.s

at the operating ropes. The Caughna-
waga bridge is designed to raise a

distance of 78 ft. in 75 sec, a speed

at the operating ropes of 1.2 f.p.s.

The St. Louis and Valleyfield bridges

are designed to raise a distance of 114

ft. 6 in. in 75 sec, a speed at the

operating ropes of 1.64 f.p.s. Using

suitable gearing, the torques in ft.-

Ib. at the motor corresponding to

the rope forces, at the various bridges

were calculated. These are also

shown in the accompanying table.

Motors of 150 hp. running at about

860 r.p.m. were selected as suit-

able machines to provide the above
torques. The maximum torque re-

quired by the motor would be Case
"B" starting. With a voltage drop of

10% the maximum starting torque

would be 270% of the normal torque.

Brakes

There are four thrustor operated

brakes fitted to the machiner\' for

each movable span of the St. Lambert
and Caughnawaga bridges and six

for each movable span of the St.

Louis and Valleyfield bridges. The
units on the back end of the motors

are the decelerating brakes and the

units on the drive shafts are holding

or emergency brakes. These latter

Fig. 12. 20 ton tower derrick used to

construct the upper St. Lambert bridge.

brakes are about half torque and ha\ e

a time lag so that normally they do
not come on until the machinen^ has

stopped.

ELECTRICAL
The success that has been attained

in more recent years in operating a-c.

\\ ound rotor induction motors at sub-

s> nchronous speeds with good stabil-

it\" encouraged a search for an a-c.

drive suitable for lift bridge opera-

tion. The dexelopment of saturable

reactors and the applications of

magnetic amplifiers led to schemes
particularh' suitable to bridge opera-

tions. Investigations showed that an

a-c. drive employing wound rotor in-

duction motors could be built to

satisfy the operating requirements at

a moderate capital cost. The decision

was therefore made to use a-c. dri\es

at 500 V., 3 phase.

A scheme controlling each winding

of a two circuit motor was supplied

b\' Canadian General Electric Co.

Ltd. for the Caughnawaga bridges.

An unbalanced voltage scheme was
supplied hy Canadian \\>stinghouse

Co. Ltd. for the remainder of the

bridges.

Speed control is entirely automatic

for both schemes. Each speed point

on the master switchsets up a refer-

ence \oltage. A tachometer generator

is geared into tlie dri\e and gener-

ates a voltage which is compared \\ ith

the reference. This comparison is fed

to magnetic amplifiers for regulation

of the control equipment to maintain

the drive at the reference speed.

Once a speed is set b\- the operator.

the equipment is automaticalK con-

Fig. 1;3. Falsework upon wliich both the Caughnawaga spans were constructed,
one after the other.
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trolled to hold that speed regardless

of vvhether the load requirement is

a high oi" low torque, motoring torque,

or braking torque. In the normal

raising or lowering of a span, the

speed should be a maxímum for most

of the travei to reduce the time of

operation. However, in the nearly

open and nearly closed positions, the

speed should be reduced to approx-

imately 20% of maxímum speed. At

each of these positions, a limit switch

has been provided to set up a refer-

ence speed of 20% regardless of the

position of the master swtitch. A
second limit switch operates at each

extremity of travei for the final stop

and application of electric holding

brakes. After the limit switch operates

to set up a reference speed of 20%,
a centrifugal switch is included in the

circuit which stops the motion if

the speed is not reduced in a reason-

able time.

The control for both the two cir-

cuit motor scheme and the unbal-

anced voltage scheme is essentially

static and employs few contactors.

The use of saturable reactors not only

elimínates many contactors but also

provides nearly stepless speed and
torque control. In addition, the trans-

ition from a low torque to a high

torque or vice versa is done without

shock. It is anticipated that the per-

iod for maximum torque change will

not be less than 0.2 sec. The period

for modern d-c. adjustable voltage

control is about 0.3 sec. and this is

usually accepted as the ultimate in

smoothness. By contrast, the period

for a wound rotor motor controlled

by contactors and resistors is of the

order of 0.01 sec.

Standby Generators

The standby diesel engine driven

generators are unusual in that the

generators are 25 cycle machines.

It is not necessary in most bridge ap-

plications to supply standby equip-

ment equal to normal capacity as a

reduction in speed for emergency
operation is quite acceptable. This

results in a lower power requirement

pe.mitting the use of an engine gen-

erator set of reduced capacity and
consequently reducing the cost. The
reduction in speed in this case is ac-

complished by operating the equip-

ment at 25 cycles. However, the volt-

age must be reduced to approximately

230 V. The arrangement may there-

fore be considered as an electrical

speed changer. It is interesting to note

that the automatic control equipment
obains satísfactory operation of the

motors when operating on 25 cycles.

Control Desks

The bridge operator controls ali

the operations from a desk type con-

trol unit which was designed specific-

ally to facilitate and simplify the

procedure. This unit contains the

master switch, selector switches, push
buttons, meters and other devices and
instruments necessary for proper

operation. Indicating lights show the

position of the limit switches. A
position indicator of the self synchro-

nous type shows the height of the

span. For the bridges where the

normal operation is done from a con-

Fig. 14. Translation of span at Caughna-
waga on twenty wheel trucks running

on raíls.

trol house separate from the bridge,

a second control desk is supplied in

the machinery house. This permits

operation directly from the bridge if

necessary or desirable.

ERECTION
Lower St. Lambert Bridge

As mentioned previously, the lower

vertical lift bridge at St. Lambert re-

placed the south end span of the

existing Victoria bridge.

At the start of the project, the high-

way traffic was diverted off the

bridge. Railway traffic, however, was
maintained at ali times. In general

both tracks were in use, but periods

of single track operation were ar-

ranged to permit work on the sti'uc-

ture supporting the other track. In

general these periods were limited to

6 or 7 hours, although a few longer

periods were required.

In view of the continuous heavy

railway traffic and the existing truss

to be removed, it was necessary that

the main hoisting equipment be in-

dependent of the bridge structure.

Ali the high lifting and hea%>- lifting

for this project was done with a

tower derrick standing on the floor

of the lock.

A 150 ton guy derrick, with 202 ft.

mast and 160 ft. boom was used.

It was mounted on a 182 ft. steel

tower standing on a dished disc bear-

ing on the floor of the lock. The
tower was guyed with four double

guys at 90° to each other, while the

mast had eight guys at angles gov-

erned by the roadway layouts. The
derrick was rigged for 109 tons on

Fig. 15. Floating span into place at the Valleyfield bridge.
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this piojoct. Tho locatioii in the

mitldle c)t tlir lock was iiecessary to

ii'aih ln)tli onds ot the overhoad

stiuctuie fiDin one set-up.

The cantilever roadways were re-

nic)\ed using light cranes as soon as

higli\\a\' trattic was diverted. Then
in oíder to dismantle the existiiig

tnisses, it was iiecessaiy to support

eacli Hoor heam of the existing span

for both dead load and hve load.

The four íloor beams over the lock

weie supported oii a 94 ft. steel truss

span. There were three trusses, one

on the centerline and one 13 ft. 10

in. each side of centerUne, in order

to permit renioval of the floor beams
lialf at a time. Ali field connections

were high strength bolted. The re-

maining floor beams were each sup-

ported on three steel columns
similarly located and braced with
steel angles.

Ali the falsework was eonstructed

about 2 in. clear of the existing

ti^iisses to permit free truss deflection.

Load was transferred to the false-

work by stopping ali traffic, driving

wedges at ali points of support, and
burning through the bottom chord of

the existing trusses at the center.

This period of about 3 hours was the

only time that traffic was stopped on
both tracks for more than a few
minutes. As soon as the load was
transferred to the falsework, the

existing trusses were removed in as

large pieces as possible by the tower

derrick and two cranes.

Simultaneous with the falsework

erection and truss dismantling de-

scribed above, the bottom tiers of the

towers were erected, with the tower

base struts and lifting girders in be-

tween the old floorbeams ready to

support the railway spans. The

various railway girders were as-

sembled at ground levei into spans

eonsisting of two girders, complete

with bracing. In the case of the

shorter spans, ali the timber ties were
installed in advance. In the case of

the main lift spans only every fourth

timber tie was installed in advance
to limit the weight to 109 tons.

To permit erection of each span,

traffic was stopped on one track right

after the morning peak period. As
soon as the rails were removed by
the railway company, the existing

ties, stringers, and half floor beams
were removed by the cranes and
tower derrick, following which the

new span complete with ties was
lifted into place. Typical time for the

shorter spans was about 6 hours.

For the lift spans about 11 hours

were required, as falsework had to be
removed to clear the deep girders

and the remainder of the ties had to

be placed.

As soon as portal struts of the

towers were erected, Bailey bridging

was suspended from them extending

the entire length of the overhead
structure. The Bailey bridging was
covered with a 12 in. timber mat 36
ft. wide. The principal purpose of

the mat was to protect passing trains

from any bolts, pins, or other light

objects which might be dropped from

above. In practice it also proved use-

ful as a working platform for laying

out light steel for the structure above.

The remainder of the superstruc-

ture, including towers, overhead

trusses, machinery, counterweight

sheaves, counterweight boxes, coun-

terweight concrete, and auxiliary

counterweights, was then completed
with the use of the tower derrick.

Because of the great capacity of the

tower derrick, whenever possible sub-

assemblies were assembled and in

many cases riveted on the ground
before raising, to minimize the

amount of high work.

Erection of the tower derrick

started in September, 1957. Load was
transferred to the falsework in

December, 1957 and the first rail-

way girder span was erected in

January, 1958. The lift span was
first operated in August, 1958 and
final adjustments were made in

November, 1958. Highway traffic

was rerouted onto the span early in

September, 1958.

Upper St. Lambert Bridge

As no traffic was involved the

erection of the Upper Vertical Lift

bridge at St. Lambert presented no

unusual problems. With the excep-

tion of the lift span trusses, ali steel

up to the levei of the third tier was
erected with mobile or crawler

cranes. To a\oid the use of falsework

in the lock, and for ease in riveting,

the lift span trusses, weighing 55 tons

each, were assembled in a horizontal

position in the bottom of the lock

and hoisted into place with a 75 ton

pole. The erection of the upper por-

tion of the superstructiu-e was com-

pleted by means of a 20 ton tower

derrick standing on the lift span

railway deck. The approach span was

erected by cra\\ler cranes with the

use of a single timber falsework bent.

Erection of the Upper Bridge

started in May, 1958 and final ad-

justments were made in December,

1958.

Caughnawaga Bridge

A notable feature of the erection

of these lift spans was the fact that

Table II. Quantities of the va

Item Unit of
No. Quaniity

1 Structural Carbon Steel-Lift Span
and Counterweights Pound

2 Structural Carbon Steel-Towers Pound
3 Structural Carbon Steel-Approach Spans Pound
4 Low Alloy Steel Pound
5 Machinery Pound
6 Counterweight Sheave A.s.sernblies Pound
7 Counterweight and Operating Ropes. . . Pound
8 Balance Chains and Attachments Pound
9 Scrap metal in Counterweights Pound

10 Concrete in Counterweights '. Cu. Yd.
1 1 Reinforcing Steel (in balance blocks) Pounds
12 Main Diesel Generator Plant H.P.
13 Auxiliary Diesel Generator Plant H.P.
14 Auxiliary Gasolina p]ngine Drive H.P.
15 Electrical Equipment Total H.P.
16 Machinery Hou.^^es Cu. Ft.

17 Highway Deck (open grid floor) Sq. Ft.

18 Railway Deck—Steel Pound
'19 Railway Deck—Timber Lin. Ft.

21 Road Guardrail Lin. Ft.
22 Formed Steel Flooring—Highway Sq. Ft.

23 Asphalt on Deck—Highway Cu. Ft.

IS components for each lift bridge.

Lower St. Upper St.

Lambert Lambert Caughnawaga 5^. Loui,< VallcyJiM

1,077,000 1,060,000 3,429,000 2,040,200 2,287.500

1,718,000 2,150,000 1.895,000 1,848,500 2.108.000

288,000 1,200,000 108,000
99.200 172.573

119,300 122,000 322,400 208,200 213.200

135,000 135,000 333,400 200.000 200,000

56,000 57,000 131,000 109,000 109,000

52,300 53,300 149,200 140.000 140.000

1,000 1 ,000 78,000 10,000 10.000

270 260 935 540 610

3,000 1,800 5,400 3,S00 4.300

2^ 163 285 285

2 (a 51 46 46

75
308 308 2 @ 304 614 (í04

13,500 13,500 2 @ 8,700 14,200 14.20(1

8,230 14,210
78,000 23,300 40.300

236 1,030 217 217

950 1,900 2,220 2.220

4,750 6.0.50

41 52
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falsework was erected for the down-

stream span only. The upstream span

was erected first on this falsework

and then rolled into its final position,

as described in detail below.

The close proximity of the existing

railway line was the principal reason

for the decision to build falsework

for one span only. The toe of the

embankment line at the levei of the

bottom of the channel extended into

the area which would have been oc-

cupied by falsework for the upstream

span. The difficulty of framing false-

work on the side of the embankment,

as well as the economy of erecting

falsework in one position only, led

to the decision to false work the

downstream span only.

The falsework consisted of six tim-

ber bents 77 ft. high at 53 ft. 8 in.

centres supporting the floorbeams at

the bottom-chord splices of the span,

and founded on concrete pads at the

bottom of the channel. Four steel

beams between each pair of bents

supported the intermediate panei

points.

In general, ali steel for approach

spans, towers up to the top chord

levei, and lift spans was done either

with crawler cranes or with a 40 ton

locomotive crane operating on the

track. The south approach girders

were erected as soon as piers were
complete, thus giving access for the

erection of the southeast tower. Erec-

tion of the southeast tower trusses,

with overhead bracing omitted, gave

access for the locomotive crane to

the falsework. Due to the longitudinal

cornponent of the motion of the up-

stream span in rolling from the false-

work to its final position, the South-

west and northeast towers could not

be started until after the translation

was complete. The locomotive crane

filled in the floor system and bottom
chords of the upstream span starting

from the south and working towards

the north. Then the web members,

top chords, overhead framing, and
machinery were filled in working
from north to south. The northwest

tower and the north approach spans

were erected by crawler crane inde-

pendent of the lift span sequence.

When the riveting of the upstream
span was substantially complete, it

was ready for translation to its final

position, which was 27 ft. laterally

and 16 ft. 3 in. longitudinally, or a

total movement of 31 ft. 6 in. Be-
cause of this skew translation it was
necessary to have a separate runway
for each corner of the span. Each
runway consisted of four 85 Ib. rails

laid on timber cribbing. In order to

clear the anchor bolts on the piers,

it was necessary to raise the entire

span about 2 ft. This was accomp-
lished by the use of two 224 ton jacks

and a short welded needle beam at

each corner, thus permitting installa-

tion of the twenty wheel truck and
completion of the runway.

Power for the translation was sup-

plied by two 300 ton jacks with 4 ft.

runout working against a weldment
which was advanced and clamped to

the rails at the end of each stroke.

The horizontal movement took about

6 hours. When translation was com-

plete, the span was jacked down onto

its own pier members.
On completion of the translation

operation, the downstream lift span

was erected in its final position on the

falsework using the same procedure

as for the upstream. Simultaneously,

the Southwest and northeast towers

were erected up to the top chord

levei.

Ali lifing for the upper portion of

the towers except for the 42 ton

counterweight boxes which required

special rigging, was done by two
20 ton tower derricks, one standing

on the pier at each end between the

backlegs of the tower for each track.

Framing of timber falsework was
started in July, 1957. First steel was
erected in August, 1957. The up-

stream span was translated on Decem-
ber 30th, 1957. Railway traffic was
diverted onto the spans early in June,

1958, and the spans were first lifted

using auxiliary power early in July,

1958. Final testing was delayed until

January, 1959, when 60 cycle power

was available.

St. Louís and Valleyfield

As already mentioned these lift

bridges took the place of two 100 ft.

spans in each of the existing bridges

and the towers were erected over

two existing 75 ft. spans. Both bridges

were close over the water levei of

the Beauharnois canal which made
floating operations practical for tak-

ing out the old and putting in the

new spans. Actually the existing spans

had been floated out and in again

many times as this was the only way
the dredges which have been work-

ing in the canal for the past thirty

years could get through.

There was railway and highwa\-

traffic to contend with on both

bridges although its density was quite

low. As far as the railways were con-

cerned only freight trains used the

bridges and during construction

there was never more than a few
hours delay. As the highway traffic

was very light on the St. Louis

bridge it was closed down for a

period of three months except for the

odd week-end. The highway traffic

at Valleyfield was only delayed a

few minutes at a time except the day

when the new span was floated in.

The two lift spans were erected,

complete with ali machinery and

electrical control equipment, on the

north shore of the canal between the

two bridges and about a mile from

the Valleyfield bridge. The bank of

the canal was first dredged to give

enough draft for the barges to be

used to float the spans and then

falsework was constructed upon

which the spans were erected. The
two spans were placed end to end

and a stiff leg derrick travelling on

rails worked back and forth on top

of the falsework during their con-

struction. While the spans were

nearing completion work commenced
at the two bridges. First the piers

were drilled for the large tower

anchors. Due to the arrangement of

the existing steelwork, it was only

possible to complete one tower before

the span was floated in. The north

tower at St. Louis and the south

tower at Valleyfield were erected

first. Derricks mounted on creepers

which travelled up the front legs of

the towers were used for this work.

The new lift spans were now readied

for floating in. Two partially sub-

merged barges were placed under a

span at about quarter points and
pumped out to raise it on blocking

off the falsework. While this opera-

tion was going on, the 100 ft. spans

to be removed from the bridge were
being lashed together for floating out

on barges. The floating out of the

old spans and the floating in of the

new one took approximately 6 hours

at each bridge. Tugs and motor
launches were used to manoeuvre the

barges. Finally the south tower at

St. Louis and the north towers at

Valleyfield were erected. While the

towers were being constructed at

V^alleyfield a protective covering of

12 in. x 12 in. timber was placed over

the roadway and railway to prevent

small objects from falling on traffic.

This was not required at St. Louis as

highway traffic was blocked off on

working days. The centre piers which
supported the old spans were not re-

moved until after the lift spans were
in operation and could be raised

well clear for this operation.

Erection of the lift spans on false-

work started in FebruarN' and was
completed in October, 1958. The first

tower at each site was started during

August and the spans were floated
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iiito place in October. The second

tower at each site was started in

NoMMiiber and the spans were first

litted in March. 1959.

Siimmar)'

.\ general idea oí the relative size

of these tive lift bridges can be had
Froni the toregoing descriptions and
iihistration.s. However, in order that

the reader may niake a more detailed

comparison the table showing quan-

tities is inehided. The cost erected for

the five bridges (superstructnre only)

was over 15 million dollars.

It was not the authors intention to

go into a great deal of detail in this

paper but to give enough information

so that a good general knowledge of

the bridges wonld be available to

anyone interested.

The building of these bridges was
carried out under the jurisdiction of

Messrs. A. G. Murphy, Chief Engi-

neer; S. Hairsine, Electrical and
Mechanical Engineer; and R. W.
Willis, Chief Structural Engineer; ali

of the St. Lawrence Seaway Author-

ity: Mr. R. H. Findlay, Consulting

Mechanical Engineer, to both the

Seaway Authority and the Dominion
Bridge Co. Ltd.: Messrs. C. A. Col-

pitts, Chief Engineer, Canadian

Pacific Railway; A. C. Johnston, Chief

Engineer, Canadian National Rail-

ways; and F. H. Simpson, former

Chief Engineer and C. E. Defendor,

Chief Engineer, New York Central

Railroad; and their respective engi-

neering staffs. Their considerate ad-

vice was very much appreciated by
ali contractors.

The author wishes to acknowledge
the special debt he owes to Messrs.

H. W. Buzzell, J. Smith, S. A. Craig,

and H. D. Kennedy, aU of the Do-
minion Bridge Co., Lachine, for their

generous help during the preparation

of this paper.

DISCUSSION

C. C. PARKIN of Toronto com-
mented on the use of "Span-Drive"

operating machinery in preference to

the newer "Tower-Drive" machin-

ery. He thought that, for the longer

spans, "Tower-Drive" machinery

would offset higher initial costs by
greater operating economies. He also

asked why the stand-by machinery

for several bridges was designed to

operate at half normal speed.

The author replied that initial

economy studies had indicated that

the "break-even" jioint between
"span-drive" and "Tower-Drive" oc-

curred at a span length of about

400 ft. It was the author's opinion

that the. trend is back to "span-

drive" for economic reasons, except

for very long spans. In reply to the

question on stand-by bridge opera-

tion, he pointed out that modem
power sources are very reliable and
emergencies seldom happen. How-
ever, when they do, the location of

the bridges in question are over open
reaches of canal where traffic delays

of short duration are not liable to be
one of economic compromise.

W. G. Swan of Vancouver dis-

cussed the economies of "span-drive"

as against "Tower-drive", and
pointed out that tower mounted ma-

chinery beconies more competitive

for lower lifts, where problems of

"skew" and "cant" of the lift span

becomes less criticai. He also pointed

out that there is a generous safet\'

factor to prevent slippage of the wire

ropes on the sheaves for "tower-dri\ e"

which is a friction type drive. Inso-

far as actual design was concerned,

he pointed out the very large friction

forces of approximately 50% of the

total power requirement resulting

from the use of phosphor bronze

plain bearings on the sheaves instead

of anti-friction bearings.

The author referred to difficulties

in keeping the end floor beams le\el

with friction drive, and the need for

special error adjusting couplings to

remedy this defect. He admitted that

there had been a great deal of

controversy about plain bearings

versus anti-friction bearings, but

stated that there was a large dif-

ference in initial cost and that in

practice power savings would be less

than one would expect. He referred

to the actual operating costs of

the C.N.R. Lachine Canal lift spans.

which use anti-friction bearings to

illustrate this point. He also pointed

out that plain sheaf bearings are self

healing, whereas anti-friction bearings

are not.

\\'. H. M. Laughlin commented on
the welding of sheaves, and asked

if special techniques had been used.

He also commended the erection en-

gineers for the successful applica-

tion of a number of ingenius methods.

The author replied that the weld-

ing procedures used to fabricate the

counterweight sheaves was similar

to that used by an\- large weldment
of comparable size. He added, in

repl>- to a question from Mr. Laugh-
lin, that there had been slightK- o\ er

260 drawings of vaiúous types for

each bridge.

S. Hairsine of Montreal discussi\

the basic design and said that pro\ i.

featmes of older bridges on the Wel-

land Canal and elsewhere had been

retained, with new innovations being

added as refinements rather than

as radical departures. He pointed out

that manual control had been retained

for most part with optional auto-

matic contiol to slow the span and

creep it into the final limits of tra\el

both raising and lowering. He also

pointed out that the emergenc>- po\\ ei

equipment was diesel povvered rathoi

than gasoline powered and that some

compromise had been made between

operating reqnirements and econo-

mic consideration in each case.
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OIL TANK SITES

PRELOADED BY

WELL POINT SYSTEM

Ronald F. Scott, M.E.I.C.

formerly Divisional Soil Engineer,
Racey, McCalhim ò- Associates Ltd., Toronto Division,

now Assistant Professor of Civil Engineering
Califórnia Institute of Technology
Pasadena, Califórnia, U.S.A.

When a soil investigation showed the existence of poor subsoil conditions at

the Fort William Marketing Plant of Imperial Oil Limited consideration was given

to several different types of foundation for the support of large oil tanks. The
most economical was found to consist of preloading the ground by a combination
of lowering of the water table by means of well points and fill surcharge. A well

point system and surcharge were installed at each of the two tanks to be constructed
in 1958, and fill surcharge only placed at two further tanks to be constructed in

1959. In two and one-half months of operation the combined loads on the under-
lying clay layers resulted in a settlement of over one foot out of a total predicted
movement of two and one-half feet. The article describes the installation and
the results which were obtained.

Description of Site

AT FORT WILLIAM, Ontário,

several bulk oil and gasoline

storage tanks with diameters langing

from 100 to 134 ft. are to be built,

together with associated warehousing,

pumping and distribution office facíl-

ities.

In the past the tanks which now
exist at the site were constructed on

I
top of piles driven to a depth of 40
to 50 ft. in the underlying soil. Not-
withstanding the pile foundation,

settlements have taken place under
these tanks, the floors of which in

1 some instances are badly rippled. No
j

record is on hand of any borings

which may have taken place in order
to determine the soil conditions for

construction of existing tanks.

I

When the new expansion was being
I planned, a soil investigation was car-

]

ried out with the following results.

;

The site, as shown in Fig. 1, which

I

is a photograph taken prior to con-

j

struction operations, is levei but is

;

only one or two feet above the eleva-

I

tion of adjacent Lake Superior.

Areas in which it is proposed to

I carry out future tank construction are

mostly covered with fairly dense bush
! 5 to 6 ft. in height. From the general

I

appearance of the site and previous
' experience at similar locations in the

! Lakehead area, it was felt that the
'' subsoil would be composed of nor-

mally Consolidated post-glacial lacus-

trine sediments, probably in the form
of varved clay. The investigation con-
firmed this opinion.

From the ground surface to a depth

of approximately 24 ft. the soil uni-

formly consists of a sandy silt or silty

sand containing a few thin layers of

a silty clay. This soil is underlain to a

depth of about 75 ft. by varved clay

deposits, the upper 15 ft. of which

consist of a highiy plastic dark grey

clay. Below the upper layer of ma-
terial was found a reddish-brown silty

clay of much lower plasticity, 35 to

40 ft. in thickness. The average prop-

erties of the soil and the idealised

soil profile assumed for the calcula-

tions are shown in Fig. 2 from infor-

mation supplied by a number of bore-

holes. Ali boreholes were terminated

at approximately 80 to 85 ft. depth

in a primarily granular soil composed
of a clayey sandy gravei. Information

very generously supplied by the On-
tário Hydro-Electric Power Commis-
sion indicated that this granular soil

extends to a depth of about 130 or

140 ft. below ground surface, where
bedrock is encountered.

Settlement Calculations

Consideration was first given to

the most economical method of con-

struction which would involve build-

ing the tanks directly on a normal

giavel pad placed on the stripped

ground surface. For the purpose of

a settlement analysis, the subsoil was
divided into four layers with soil

properties as indicated in Fig. 2.

Since recent research has indicated

that the values of relative densit>-

given by split spoon correlations are

probably too low, especially near the

ground surface, relative density meas-

urements were actually carried out in

the upper layer of silty sand which is

cohesive enough to enable this to be
done. These measurements gave a

relative density of about 80% to this

layer, compared to relative densities

of about 40% obtained b\' the split

spoon sampling technique.

Consolidation tests were carried out

on representative samples from the

two compressible clay la\ ers and the

results are summarised in two curves,

shown in Fig. 3.

The possibility of complete failure

of the tank must be considered first

and, to this end, the ultimate bearing

capacity of the underhing soil is

estimated. A 134 ft. diameter, 48

ft. high tank was studied. When full

of water (the normal testing pro-

THE ENGINEERING JOURNAL—AUGUST, 1959 79



cfthui'), tlu> beariiig pressuie niidei-

neath tlie base of such a taiik will be
appioximately 3000 Ib. por sq. ft.

This bearing pressiire will be spiead
out or retiuced before reaching the

underhing soft, plastic clay. A spread
of 30° to die vertical gives a beaiing
pressuie on the surface of the clay

la\-er of approximatel\- 2300 Ib. per
sq. ft. Current soil mechanics litera-

tiire indicates that the ultimate bear-

ing capacity of a large circular foot-

ing on soft cla\ is approximately
equal to 6 times the cohesive shear

strengtli of the clay. With a cohesive

strenjíth of 500 Ib. per sq. ft., the

ultimate capacity of the upper clay

la>er is computed conservatively to

be 3000 Ib. per sq. ft. Consequently
the factor of safety against complete
failure of the underlying soil is com-
puted to be at least equal to 3000/
2300 or about 1.3, baseei on the shear-

ing strength determined in the field

vane measurements.

In spite of the conservative nature
of the assumptions on which the

analysis was based, it was felt that

such a factor of safety was sufficiently

low to require a reduction in height
of the proposed tanks from 48 ft. to

40 ft.

The subsoil in its present condition
is in a State of equilibrium under
existing overburden pressures only,

and any additional load such as an
oil tank will certainly cause the soil

to compress and consolidate. This

Fig. 1. View of general area of site before conimcncement of foundation preparatíons.

compression will take the form of

instantaneous elastic and plastic

movements of the silty sand layer,

and elastic plastic, and time consoli-

dation settlements in the underlying

clay and silty clay layers. Calcula-

tions of the settlement amounts due
to each of these causes were carried

out for a 40 ft. high tank, filled with

water, although acíual settlements

would of course be due to varying

leveis of product.

From previous experience and the

measurements of the relative soil

density of the silty sand, it was con-

cluded that settlement due to elastic

and plastic effects in the sand la\'er

would amount to about 3 or 4 in.

The amount of settlement due to the

immediate deformation of the under-

lying clay layers was calculated from
the properties of the clay, as evi-

denced in the laboratory tests. The
computations indicated that the plas-

tic and elastic settlement of ali the

underlying clay layers would be of

the order of 5 in., most of which
would take place in the highly plastic

upper clay la>er.

The remaining settlement would
take place over a long time as the

result of the consolidation of the clay

and silty cla\'. Calculations based on
laboratory consolidation tests indi-

cated that consolidation would \ield

a total settlement taking place over a

period of years of about 1.8 ft. Thus.

an immediate settlement due to com-
pression of the upper layer of sand

and to mox ements in the cla\" under

Fig. 2. Profile of soil obtained from severa) boreholes, showing average properties attributed to each layer for analysis purposes.
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the tank, would amount to approxi-

mately 8 or 9 in., while the consoli-

dation of the underlying clay layers

would add 1.8 ft., leading to a total

movement of about 2.6 or 2.7 ft.

Because of the uniformity of soil con-

ditions encountered in the various

boieholes, it was felt that there

would be a very good chance of this

settlement occurring uniformly under

each tank.

The lower than customaiy factor

of safety (even of a 40 ft. high tank)

and the large settlements expected

made it undesirable to construct the

tanks directly on a pad on the ground
surface. Accordingly, cost estimates

were prepared of the various methods
of building suitable tank foundations.

From these cost considerations and
because of the uncertainty inevitably

associated with the behaviour of soil

under superimposed loading, careful

thought was given to the possibility

of preparing the site by preloading.

Preloading is now a familiar way of

preparing poor sites since several

accounts have been given of the

method in which large amounts of

fill were placed on the foundation

area, in order to induce settlement

before the erection of the proposed
final structure. The consolidation

which takes place under the pre-

loading has also the effect of increas-

ing the shear strength of the under-
lying soil.

As the result of this consideration,

the author recommended that the soil

at the site be preloaded in two ways:

by placing a layer of fill on top of

the stripped natural ground, and by
installing a ring of well points around
each of the two áreas to be occupied

by future tanks. Since these recom-
mendations were adopted, a fuller

description of the well point preload-

ing system is given in the next sec-

tion.

Preloading

The effect of well points or wells

in causing settlements to adjacent

buildings during construction opera-

tions has frequently been noticed

in the past. These settlements have
led to considerable damage in many
cases and are a great inconvenience

during construction. The lowering of

the water table changes the effective

weight of the soil through which the

water table is lowered from its buoy-

ant unit weight to its normal wet unit

weight. Thus, the effective stress im-

posed on the underlying soil layers is

increased by 62.4 Ib. per sq. ft. for

every foot that the water table is

lowered. If the underlying soil is

a compressible material, such as in

the present circumstances, consolida-

tion and surface settlements will en-

sue.

At the Fort William site the lower

ing of the water table a distance of

1.4

O.S

0.6

íL 1.0

z 9 0.6

o z

0.5 1.0 5 10

Fig. .3. Average consolidation characteris-

tics of the two principal clay layers.

approximately 20 ft. would impose an
additional stress on the underlying

clay layers of approximately 1250 Ib.

per sq. ft.

In addition to the actual settle-

ment achieved, the information sup-

plied on the properties of the soil

during consolidation and on the na-

ture and type of settling which the

soil underwent, would be of value

Fig. 4. Diagram showing soil profile graphically together with approximate layout of wellpoints and their relation to the
future tank.
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in the erectimi of ali thc othor oil

tauks in the area and \M)iild enable

speciíic recominendations to be madc
in future regaixling their constiuction,

f illing, and maintenance.

Compared to preloading by fill,

the well point s>stem has the advan-

tages of flexibility and ease of instal-

lation, operation. and lemoval. The
niaishy conditions at the site would
also be impio\ ed b\^ the drainage.

A trial installation of about 12

well points was set up aiound the

middle of May, 1958, for the pur-

pose of ascertaining the feasibility

of draining the fine-grained sandy

silt ]a\er. When they proved to be
successful, two complete rings of

points around 100 and 134 ft. dia-

meter tanks were installed under the

author's supervision. The system was
set in operation at the larger of the

two tanks on 6 June, 1958, and at

the smaller tank on 13 June, 1958.

Fig. 4 is a drawing of the layout of

the well points at one of the sites

and the actual installation is shown
in Fig. 5.

It had proved possible to obtain

substantial quantities of good quality

Fig. 5. Filling opcrations iii progress at larger of two tanks. Part of wellpoint

installation can be seen in left foreground. Pipe sticking out of fill is one of the

settlement points.

fill material locally, and the filling

work proceeded at alternate sites as

the well points were installed. The
site was first of ali stripped of the

surface layer of approximately 1 ft.

of organic matter and vegetation,

and a 6 in. to 1 ft. thick sand pad
placed on the surface. On top of the

sand pad five settlement plates at

each site were located, four at the

cardinal points of the compass. and

one in the centre of the tank area.

Fig. 6. Plot of the settlement of the large tank versus time. The solid line shows computed settlements based on average soil

properties and one dimensional consolidation; the dashed lines show actual settlements given by the four edge and one centre

settlement point.
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Fig. 7. View of site near completion of construction of new tanks, in middle
distance. Between tanks and at extreme right of photograph can be seen preloading
fill for two tanks to be constructed in 1959. The wellpoints have been discontinued at

the larger of the two tanks and water can be seen at the ground surface.

Zero readings were established at

these settlement points and fill was
raised to a height of 10 ft. at each

site by 18 June, 1958.

Results of Preloading

The calculations of preloading

settlement expected were based on
the soil properties measured during

the consolidation test, and this re-

quires a brief discussion.

The laboratory consolidation test

is canied out on laterally confined

samples to which the load is applied

at right angles to the direction of

layering of the soil. Porous stones

are supplied above and below the

sample, which allow the water to

be squeezed out of the soil in a

vertical direction. The calculations

of the time which any particular de-

gree of consolidation may be ex-

pected to take are based, therefore,

on the permeability of the soil at

right angles to the soil layers or

varves in the present case. However,
in the natural soil the application of
the load at the surface of the ground
may be expected to expel water from
the voids of the clay both vertically

and horizontally. It is difficult to
take this into account in settlement
calculations. Therefore, the estimates
are based on vertical drainage only
and on those properties of the soil

obtained from the vertically drained
laboratory consolidation tests. It has
been found that the final amount
of settlement can be predicted with
reasonable accuracy by these meth-
ods, although the time predictions
are generally incorrect.

In the present case, computations
based on the laboratory properties of
the soil indicated that 6 to 9 in. of
total settlement might be expected
in 3 months of preloading. Consider-
ing the natural three-dimensional
process, it was therefore felt, with a
certain amount of confidence, that
the actually occurring settlements
would probably exceed 1 ft. in a
3 month period.

Settlements were measured ap-
proximately twice a week at the vari-

ous settlement points at both tanks,

from the beginning of filling and
well pointing operations. Fig. 6 is a

plot shovving the various stages of

filling, the initiation of well point
operation and the progress of settle-

ments at one tank site. For com-
parison on this diagram, the com-
puted average settlement curve for

the actually observed load applica-

tion is shown. It will be seen from
this figure that the estimate of the
elastic and plastic behaviour of the

soil was apparently very nearly cor-

rect, but that the amount of move-
ment attributable to consolidation

proceeded, as expected, at a more
rapid rate than theory predicts.

To such a degree did the increased

settlement occur, that a careful

scrutiny of the movements at the

middle of July, 19.58, indicated that

it would be possible to begin re-

moving the surcharge fill at the be-

ginning of August, 1958, so that

construction of the tanks could be
got under way by 15 August instead

of 15 September, 1958, which was
the date originally recommended.
This was carried through and fill at

both sites was removed to leave ap-

proximately 4 ft. thick gravei pads
(the extra thickness being left to al-

low for future settlements) by the

end of July, 1958. The fill removed
was added to fill already placed at

future tank sites which will be pre-

loaded by the fill only for a period

of approximately one year. Construc-

tion of the tanks proceeded and the

final condition of the site at the end
of construction is seen in Fig. 7.

From the behaviour of the tanks

during the preloading process a

curve was predicted and plotted for

the progress of settlement as it should

occur during the water load test.

One such prediction was made for

each of the two tanks constructed

since the preloading had indicated

slight differences between them.

Settlement observations were taken

three times a day during the process

of filling the tanks with water, which
occupied four days for the larger of

the two tanks and two days in the

case of the smaller. The results of

the water test agreed very well with
predicted settlement values and were
considered eminently satisfactory. As

a result of the behaviour of the tanks

during the preloading process and
during the water test, predictions

have been supplied regarding the

probable future behaviour of the tanks

when loaded with final product. The
best estimate that can be made at

present is that each of the two tanks

will settle about 0.3 ft. imniediately

on filling and about another 0.6 or

0.7 ft. in the next year after filling.

This amount of movement may be

compared with originally predicted

settlements of about 2.6 or 2.7 ft.

total for each tank.

On the basis of preloading be-

haviour the smaller of the two tanks

may be e.xpected to settle differ-

entially about three inches across the

diameter of the tank in a determined

direction. The future behaviour of the

two other sites which have been pre-

loaded by the application of fill only

has also been worked out and infor-

mation regarding future movements
has been supplied.
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PROCESSING OF

LOW-GRADE IRON ORE

USING PETROLEUM

AND NATURAL GAS

P. E. Cavanagh, Vice-President,

Fremimn Iron Ores Limited, Montreal, Que

THE NECESSARY foundation for

industrializing any covintry is a

basic Steel industry. Canada is iii the

midst of changing from an agricul-

tura! to an industrial economy. The
Canadian iron and steel industry has

developed treinendously in the last

twenty years, and will continue to

do so.

The basic requirements for steel

production are iron ore and metal-

lurgical coke. The industrial heart of

Canada lies in southem Ontário and
Quebec. In this area, there was no
Canadian iron ore, or Canadian metal-

lurgical coke, available twenty years

ago. The Dominion Steel & Coal Co.
operations in Sydney, Nova Scotia,

vvere based on local coal and iron ore

from Newfoundland. Apart from this

operation, ali steel produced in Can-
ada twenty years ago was made from
imported American coal.

The recent discovery and exploita-

tion of very large iron ore deposits

in Canada has made available in

Canada huge tonnages of iron ore.

The production from presently operat-

ing Canadian iron ore mines is many
times greater than can be utilized by
the Canadian steel industry. Steel

production in Canada is determined
by the markets for steel in Canada
which are dependent on the size of

the population in Canada. The Cana-
dian steel industry will grow vigor-

ously as the population of this country
grows. The excess iron ore, which can
be produced above that useable in

Canada, will be and should be ex-

ported from this country.

It is obvious that Canadian organ-
izations should thoroughly investigate

ali possibilities of exporting Canadian

iron ore in the most profitable form.

If it is possible, profitably, to partially

process iron ore to metal in Canada
before export, this should be done.

The primary requisite for such a plan

is a market for the partially processed

product. A second necessary factor in

the study of such possibilities is the

existence of commercially proven

processes for producing metal from
iron ores using fuels available in

Canada.

New Technical Developments

Two major technological advances
affect the present situation in Canada.

1) Iron Ore Conceniraiion. It has

been conclusively demonstrated on a

very large commercial scale that low-

grade iron ores of certain types can

be ground, niagnetically concentrated.

agglomerated by sintering or pelletiz-

ing, and sold at a profit.

In the concentration of low-grade

iron ores, there are several techniques

in use for obtaining a rich, fine,

concentrate of iron oxide. This fine

material cannot be fed to the standard

blast furnace, but must be agglomer-

ated by sintering or pelletizing. These
processes consist in heating the fine

material to a point just below the

fusion temperature, about 2,200° F.

In the sintering process, a bed of fine

material is fused into sinter which has

the appearance of clinkers left after

burning coal. In the pelletizing pro-

cess, the fine concentrate is rolled into

small balis and then heated.

There is no major application of oil

or gas fuels in the sintering process

except for ignition of the bed, which
contains sufficient coke to support

combustion.

In the pelletizing process, oil or gas

can be used as a heating fuel. Fuel

consumption in the pelletizing process

ranges from about 500,000 B.t.u. per

ton of pellets produced to a maximum
of about 850,000 B.t.u.

The problem of concentration of

magnetic low-grade ores which con-

sist of magnetite crystals in waste

rock, is relativeh^ simple.

Where the iron oxide occurs wholh'

or partly as hematite, there are se\ eral

methods of recovering the hematite.

Probably the most dependable process

is to conveit the hematite to magnetite

and then recover the iron oxnde b\

magnetic separation. The feasibilitx

of this procedure depends stronglv

on the price of a\"ailable fuels. To
heat the ore to reaction temijeratine

of between 1,200'F and 1,500T. and

to provide suitable gas for reducinc

hematite to magnetite, requires tlu

supply of betw een 450.000 B.t.u. and

1,500,000 B.t.u., depending on the

type of fuel used and the process and

equipment chosen to carry out this

magnetizing roast.

2) Direct Reduction. It has been

conclusiveh- demonstrated on a large

commercial scale that iron metal can

be produced directly from iron oro

without the use of metallurgical coko.

Natural gas, oil, and electric powov

can be substituted for metallurgical

coke. The resulting iron metal can be

sold at a profit to steel making plants

if the price of these fuels is sufficienth

low. The market for such metal is

small and imcertain at present.

Direct reduction of iron oi"e lo

metal is carried out b\ heating the

iron ore, which is a mixtxue of oxides
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ní iron, to a temperature of about

2,000°F and then contacting it with

liot reducing gas. The reducing gas,

which is Carbon inonoxide or hydio-

gen, or a mixture of the two, removes

the oxygen from the iron oxides,

leaving metallic iron. The rate of this

reaction depends on several factors.

The higher the temperature and pres-

sure, the richer the reducing gas in

Carbon monoxide and hydrogen, the

i^reater the rate of supply of gas to

the ore, and the greater the surface

cirea of ore exposed to the gas, the

faster will be the speed of reaction.

A large number of direct reduction

111 sponge iron processes have been

developed. Only a few of these have

leached commercial production. The
fuel requirements for the more inter-

esting and practical of these processes

are listed in Table I.

Reduction can be carried out at low
temperature, in which case the metal

is obtained in sponge form and is not

melted. Alternatively, the process can

be carried out at much higher tem-

i:)eratures, in which case molten metal

is produced.

For true comparison of fuel require-

ments of the first type of process, the

energy required to obtain metal in

tlie same state must be determined.

This means that, if solid sponge iron

is produced, it should be melted and
carried through to molten iron, which
can be cast into pigs for true com-
parison to the fuel requirements for

producing such products as pig iron

irom blast furnace.

In order to describe and compare
the more interesting and commercially

proven processes, they can be classi-

fíed as follows:

Bases for Comparison of Processes
The processes to be considered can

be classified as follows:

1. Standard Recognized Methods—
blast furnace, electric pig iron

furnace.

2. Commercially Proven Processes

—HYL, R-N, Krupp-Renn, Tun-
nel Kiln.

3. Pilot Development — H-Iron,

Strategic-Udy.

4. Initial Stages of Development

—

Jet-smelter, cyclosteel process,

McDowell process, Esso-Little

process, U.S. Steel Nulron pro-

cess.

Plant and production costs for

Class 1 processes are known and pre-

dictable on the basis of past perform-

ance of existing plants. Class 2 pro-

cesses are sufRciently proven so that

reliable plant cost estimates and pro-

duction cost estimates can be made.
Class 3 processes are under develop-

ment and plant costs and jiroduction

costs provided by the organizations

concerned are not proven. Class 4

processes are not worth detailed

economic studies at the present time,

since no reliable plant costs or pro-

duction costs can be provided.

Fuel Requirements

The major diíference betvveen the

processes under study is in the type,

amount, and cost of fuel and power
required to carry out reduction of

iron ore. For plants fed with the same
grade of iron ore and making the

same products, the only differences

in production costs that are possible

are due to differences in prices of

suitable iron ores and of fuels ar.d

power. Differences in other items of

cost of plant operation will make only

minor differences in the fínal cost of

the product.

Descriptions of Processes

Only the essential features distin-

guishing processes from one another

will be described.

A. Processes Producing Pig Iron

Blast Furnace—In the well known
blast furnace, iron ore is charged to

a large shaft furnace along with the

required coke and limestone for

smelting the ore and slagging off

impurities. Molten metal may be cast

into pigs of pig iron which has a

high Carbon content of over 3%.

Electric Pig Iron Furnace — The
Tysland-Hole fumace is now a well

proven and standard process with

special application where electric

power is low in price and the market

to be satisfied is about 500 tons of

iron per day. In effect, part of the

coke used in the blast furnace is

replaced by electrical energy to pro-

vide the required energy necessary to

smelt iron ore in any fumace, or com-
bination of furnaces. Less coke is

therefore used per ton produced and
this may be a weaker and poorer

grade of coke because the bed of ore

in the furnace is not nearly so deep as

in the standard blast furnace. The
molten metal produced is similar to

the product from the blast furnace

and can be cast into pigs of iron in

the same way. The rich exhaust gas

from the fumace can be used as fuel

and credited to the smelting process.

B. Processes Producing Low Carbon
Iron

Direct reduction processes produce
sponge iron. In order to be easily

marketable at a high price, it is recom-

mended that sponge iron be melted in

auxiliary furnaces to produce low
Carbon iron at under \% carbon and
then cast into small pigs of metal.

This metal would contain less than

.02% each of ali other elements in the

preferred specification. Such a high

purity product cast into small pigs

weighing 5 to 7 Ib. has been chris-

tened Canadian Iron.

This product can be produced by
melting sponge iron, if special electric

are melting furnaces are added to the

plant and fed with sponge iron along

with carbon and slagging additions

to make a low carbon molten metal
which could be tapped intemiittently.

No attempt is made in the furnace

to refine the iron to make steel. The
product is intended for remelting and
refining in steel-making furnaces.

In cases where the sponge iron

produced by the diiect reduction

Table I

Approximate Fuel Requiremenls of Processes
Operating on 65% FE Pellets

NB—AU proces.ses prodticing cast pigs from molten metal.
Melting of sponge iron in special electric are fvn-naces

required 400 KWH = 1,360,000 BTU

Type of Fuel BTU Consmnp-
and MM BTU Eqniva 'ent tion M illions

Process
Natural Elec-

Carbon Oil Gas tricily Gross Nei*

Blast Furnace 20.3 0.03 20.3 14.5
Electric Pig Iron 13.0 7.6 20.6 16.0
Strategic-Udy Koppers 12.6 4.9 17.5
H-Iron—oil 20.0 1 . 92 22.0

—gas 16.24 1.8 18.0
Tunnel Kiln 17.5 3.3 1 .66 22.4 21 .0
H.Y.L.—oil 26.4 2.68 29.0 22.3

—gas 18.7 1.36 20.1 16.2
Wiberg—oil 0.13 29.7 1.36 31.0 23.0

—coke and oil 3.04 2.0 4.48 9.5
—coke and gas 2.50 1.55 4.26 8.26

R-N 25.0 1.66 26.6 25.2

*—After fuel credits for excess gas from the process.
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piocoss CDiitaiiis more tliaii õ% silica,

i.e., when pellets or ore are used,

it is preíerahle to cnish and grind

and magneticalh eoncentrate the

sponge iron before nielting. The pre-

feired niaximum silica content for

sponge iron to be melted is 2%.

A speeial proeess nnder this classi-

fication is the Krnpp-Renn rotary kihi

proeess. The produet is liquid metal

whieh solidifíes in small pellets and
can be niarketed in the forni of low
Carbon iron nodules or liippen.

In this proeess, low-grade high-siliea

ore, which is not amenable to eon-

centration by other methods, can be
fed to the kiln along with fine coal

and snffícient limestone to provide the

speeial aeid slag reqnired for the pro-

eess. The iron ore is reduced and
the silica slagged oíf. The metal be-

comes licjuid but the slag remains a

thick, viscous mass in which the iron

is suspended. When discharged from
the kiln, the slag containing the

luppen is crushed and the hippen
recovered magnetically. Dvie to the

reduction conditions in the Krupp-
Renn kiln, the iron luppen are high in

sulphur which enters the iron from
the coal. E.xcept in most unusual cases,

the luppen cannot be considered as

feed for steel-making furnaces, but
are used as feed for blast furnaces.

The intended application of the

Krupp-Renn proeess is therefore as

pyrometallurgical ore-dressing proeess

for lean high-silica ore.

C. Processes Producing Iron Briquettes

Direct reduction processes produce
sponge iron which can be cnashed, if

necessary, then ground and magneti-
cally concentrated to produce a fine

iron powder preferably containing at

least 957c total iron and less than 1%
silica. This fine iron powder with no
binder added can be compressed in

a hydraulic ram to produce briquettes

of iron with a relatively high density
of between 5 and 6. Fine carbon can
be added to the iron powder before
briquetting to give a desired carbon
content in the resulting briquette.

D. Direct Reduction Processes Making
Sponge Iron

As explained previously, it is not
recommended that sponge iron be sold

as produced but that it be further

processed by briquetting or preferably
by melting and casting into pigs.

HYL Proeess—This proeess has been
in commercial operation for three
years at Monterrey, México, produc-
ing 200 tons per day of iron. The
unit nnder constmction will produce
a further 500 tons per day of iron.

Four reaction vessels are provided.
This is a batch proeess. The vessel

is loaded with iron ore, pellets or

sinter, closed with a gas-tight top,

and then hot gas is passed through

it to raise it to reduction temperature

and to begin reduction into metallic

iron. After the initial stages of reduc-

tion, the flow of reducing gas is

changed so that gas from the next

vessel, which is now the primary

reduction vessel, passes through the

partially reduced ore. When reduc-

tion is complete, the gas flow is again

changed so that fresh, cold, reducing

gas enters the vessel which now con-

tains hot sponge iron. The sensible

heat in the sponge iron is used to

pre-heat the reducing gas which goes

to primary reduction. The fourth

stage of the proeess consists of

emptying the vessel of the batch of

cold sponge iron and reloading it

with fresh ore. With four vessels,

each holding 105 tons of ore, pro-

duction is 500 tons of metal per day
when using a rich pellet.

Reducing gas is supplied in the

present plants by refonning hot

natural gas over a nickel catalyst

with high pressure steam. A satisfac-

tory reducing gas can also be made
by partial combustion of naphtha with

oxygen followed by reforming of the

gas with steam. Provision of the re-

qnired reducing gas from oil is con-

siderably more expensive than the

production of gas from natural gas

at an equivalent price per million

B.t.u.'s.

A 150,000-ton per year plant, with

four vessels, is considered as a unit,

since four vessels are necessary for an

efficient cycle.

Wiberg-Soderfois Proeess — This

direct reduction proeess has been in

use for over fifteen years in Sweden
in commercial production. There are

now seven furnaces in operation, the

largest of which produce about 50
tons per day of metallic iron. Rich

lump iron ore, pellets, or sinter are

fed into the top of a shaft furnace.

The descending ore meets a rising

current of reducing gas at a ratio of

2 carbon monoxide to 1 hydrogen.

Hot gas entering the bottom of the

shaft performs final reduction. Part-

way up the shaft, three-quarters of the

gas is removed from the shaft and
recycled through an electricalK

heated carburetor containing coke.

The remainder of the gas continues

on up the shaft to perform pre-

reduction and preheating of the ore.

The recycled gas is brought back up
to reaction temperature and CO., and

H.,0 are converted back to carbon

monoxide and h\drogen in the car-

buretor. This technically excellent

method gives the lowest fuel con-

sumption of any direct reducHnn

proeess.

The proeess can also be operated

by making the reducing gas by partial

oxidation of fuel oil, followed by
passing the resulting gases over a bed
of hot coke. When this plan is fol-

lowed, the real technical advantage
of the Wiberg-Soderfors proeess is

lost. The proper location of this pro-

eess is in áreas having very cheap
electric power. The price of fuel oil

would have to be extremeK' low to

make the proeess economically feas-

ible when based on fuel oil.

The R-N Proeess—This proeess has

been developed by Republic Steel and
National Lead Corporations and has

been in pilot commercial operation in

Alabama for over two years. Minus
half inch or finer iron ore is fed to

the kiln, along with coal ha\"ing a

contiolled percentage of volatiles and
limestone to pick up sulphur and
phosphorus. The kiln is fired with gas

or oil and there are air inlets along

the length of the kiln to control com-
bustion throughout the length of the

kiln. Excellent control of gas com-
position and temperature is obtained.

Temperatin-e is sufficiently low so that

no slagging or melting of the gangue
or iron takes place. The discharged

mixture of limestone, coke, and sponge

iron is crushed and magneticalK

separated.

Coals with exactly the right speci-

fications are rare so that in most cases

it is necessary to provide a char plant

to give a reactive char with the right

percentage of volatiles.

Ttinnel Kiln Proeess—This method
is included mainly for comparati\e

piuposes and for future reference.

The method of packing iron ore along

with coke and limestone in a sealed

ceramic container or sagger and then

passing it through a brick kiln has

been in successful commercial use for

producing iron powder for man\
\ ears. Although the plant cost is \ er\

low, the labour requirements are ver>

high. When the plant is mechanized

to cut down on labour requirements

as at Oxelosund, Sweden, the plant

cost is no longer veiy low.

H-Iron Proeess—Wthough this pro-

eess is still in the early pilot dex elop-

ment stage, it is included because it

is designed to treat fine aincentrates

nithout pelletizing or sintering. The
fine eoncentrate is fed to a pressurized

vessel where a fluidized bed is main-

tained by a flow of reducing gas high

in hvdrogen at about 500 pounds por

square inch and 900 'F (4S0X>. The
gas is rccxcled, water \apour re-

moved, and fresh Indrogen added ti^

the gas stream. Reducing gas ma\ bc
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produced fiom fuel oil by paitial

oxidation and subsequent treatment.

The first commercial unit for 50
tons per day of iron powder will be
operating shortly at the plant of a

eez-tain steel company. It appears
likely that the capacity of this plant

which will produce iron powder will

not be as high as it would be if it

produced sponge iron. Operation of

this unit should prove whether or not

fine sponge iron can be produced
trom a íluidized bed of fine iron ore

concentrates on a commercial scale.

Strategic-Udy-Koppers Process —
This process, which is also an initial

pilot operation, is a modification of

the electric smelter technique. The
exhaust gas arising from smelting of

an ore-coke mixture is passed through
a rotary kiln where it performs pre-

reduction of the ore. The hot partially

reduced ore is charged to a special

type of electric smelting furnace. The
entering charge is therefore at about
1,700°F (925°C) and is reduced to

some desired extent. Power consump-
tion in the electric smelting furnace

is therefore less than in the standard
electric smelting furnace. In addition,

the furnace is not run with a sub-

merged are which results in somewhat
diíferent smelting conditions.

From experience with electric pig-

iron fumaces in the past, it seems
probable that the maximum degree of

pre-reduction that will prove profit-

able and technically feasible is about
30% on a rich ore. This is estimated

to give a power consumption of 1,400
kwh. per ton of iron, according to the

company's own figures. On a lean ore,

pre-reduction may be as high as 50%
without undue technical difficulties or

excessive cost in pre-reduction.

As stated before, the major differ-

ences between the processes studies

lie in the fuel requirements. Table I

shows the approximate fuel require-

ments of these processes when oper-

ated on 65% Fe pellets. Total heat

requirements to produce a final prod-
uce in the form of cast pigs from
molten metal are included. Compared
on the basis of net B.t.u. consumption,
the blast furnace provides a conven-
ient yardstick while the net consump-
tions of the Strategic-Udy Koppers
and H-Iron processes must be looked
at as preliminary estimates based on
the first stages of pilot operations.

It is interesting to compare the

production costs of ali these processes

on the same basis and for the mini-

mum profitable plant size.

Assuming that the same iron ore is

used in ali cases, and that the re-

quired plant to produce 150,000 tons

per year of molten iron is provided in

ali cases, then the approximate cost

of producing one gross (or metric)

tons of iron will be:

1. Iron Ore Required about $25.00
2. Fuel and Power—see

Table I —
3. *Cost of ali other materiais

pluslabour, supervision,
repairs, and mainten-
ance $19-21.50 (say) $20.00

4. Capital charges, depi-e-

eiation, etc. at 15%
$10-12.00 (say) $11.00

5. Cost of production above
fuel cost about $56.00

except in the case of the 300,000
ton per year blast furnace, where Item

3 will be approximately $12.00, and
Item 5 about $48.00.

To this approximate cost, the local

cost of the required quantity of fuel

for the process as shown in Table I

must be added to give the total pro-

duction cost.

These costs are not meant to be

exact, but are approximately con'ect.

Even relatively major changes in the

cost and quantities of the material

and services required will not result in

any major change in these processing

costs. The only major variable in the

total costs is the cost of suitable fuel.

The cost of sponge iron from the

direct reduction processes will be

about $20.00 below these costs for

molten iron.

Conclusions

The cosi of the required plant to

produce molten iron from iron ore by
any of these direct reduction methods
is higher than the cost of a present

day blast furnace operating in the

cost efficient, modem, manner pos-

sible.

It is also evident that the cost per

ton of molten iron made by any of

these processes is higher than the

cost of blast furnace pig iron when
the blast furnace is located in a large

market area where coal is relatively

cheap.

Neither of these observations are

at ali surprising, but there has been

a great deal of misundersta'iding of

the role and application of direct re-

duction processes, due to comparison

of the production cost of sponge iron

to the cost of pig iron. This is not

a true or valid comparison.

The proper and profitable applica-

tion of direct reduction processes is

in locations where oil or gas are avail-

able at lower prices than the equi-

valent quantity of metallurgical coke,

and where the market to be served

is relatively small—at less than 1,000

tons of iron per day.

Although this condition exists in

many locations in the world, the

supplying of such markets under
these conditions is, above ali, today

a Canadian problem of paramount
importance.

At the present time, if rich ore, at

more than 65% Fe, or an iron ore

concentrate at more than 65% Fe, are

available at a price of 20c per unit of

iron or less and if oil or natural gas

are available at 35c per million B.t.u.

or less, a thorough investigation of the

possibilities of direct reduction of iron

ore is justified.
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THE OIL AND GAS INDUSTRY

THE PETROLEUM industry may
be divided into four geneialized

phases of operation: (1) exploiation

and production of crude oil and gas;

(2) movement of crude materiais to

processing centres; (3) processing

(refining) of oil and gas; (4) storage

and distribution of refined products.

Phases (2) and (4) involve the com-
mon factors of moving materiais by
pipeline or by ship, rail, and road

tanker.

Instrumentation is essential to ali

these phases, but this article will deal

particularly with the processing in-

dustry, which is among the leading
users of advanced control instrumen-
tation and recording equipment.

The specialized instruments used
for the discovery and investigation

of sub-surface formations, and for the

logging of drilled wells are outside
the scope of the present series of ar-

ticles. At the other extreme of the

industry, the distribution of products
(except by pipeline) involves mainly
conventional metering instruments.

Refining and pipeline opei-ations

will be dealt with separately.

PETROLEUM PROCESSING

The processing, or refining, of

crude oil basically involves the phys-
ical and chemical separation, break-

down or synthesis of constituents to

obtain the required end-products.

Processes are mainly continuous and
operate up to high temperatures and
pressures. Furthermore, there is an
increasing tendency towards the

elimination of intermediate storage

of products between different pro-

cesses. There is thus a complex sys-

tem of product streams between, for

example, distillation, cracking, and
reforming units, ali of which must be
fed at the right conditions of flow-

rate, temperature, pressure, and levei.

Instrumentation is therefore essen-

tial both to record and to control

accurately the many process variables

involved. Similar conditions prevail

in the removal of impurities from

natural gas in gas-processing plants,

which also involve continuous chem-
ical processes.

Reason for Instrument Installatíon

Though replies to a questionnaire

on instrumentation in refining pro-

cesses varied slightly in emphasis be-

tween individual companies, the

main purpose of instruments is prob-

ably the control of process variables,

with almost equal weight being given

to improvement of quality, central-

ized supervision of operations, reduc-

tion of labour force, and economy of

fuel consumption. This is to be ex-

pected, since the goal of a refinery

is maximum quality with optimum ef-

ficiency, and hence an approach to

completely automatic control, with a

minimum of human intervention.

Uses of Instruments

As already outlined, instruments

are needed in a refinery (or gas pro-

cessing plant) to measure and con-

trol temperature, pressure, flow, and
leveis in vessels. Instruments are

usually grouped in a central control

room, though complex installations

or those that have gradually been
extended may have several control

centres.

The transmission of signals from
measuring instruments to the record-

ing and control equipment is very

widely done by pneuniatic systems,

but there is an increasing tendencN

to use electronic methods, which are

becoming at least equally reliable and
have better response and flexibility

of application. This trend will prob-

ably be very marked in the future as

transistor techniques are developed.

Electronic systems akeady have a

point in their favour in Canada, par-

ticularly in the Montreal refining

centre with its very cold winters,

since pneumatic systems must be

\exy carefully dried and lines fre-

quently have to be steam or electric-

ally traced for cold-weather opera-

tion.

Who Determines Requirements?

Replies to this question indicate

that most companies with peti-oleum

refining faciUties determine their

own instrument requirements, though

in some cases the staff of an affili-

ated company ma\- be invohed. A
petroleum refining company may de-

pend on a research and developnient

company within the overall organiza-

tion for technical advice during tlie

installation of new plant. At the same
time, certain engineering companies

specialize in the construction of re-

fineries for the petroleum industry,

and their ad\ice on instrumentation

may be used in some cases. Also,

certain process units, such as cataly-

tic cracking and reforming, are in-

stalled under licence from the com-

pany that de\eloped them original-

ly. Many specifications ha\e to be

follo\\ed closeh', but there is latitude

in the choice of the actual instru-

mentation used.

Who Bu> s the Instruments?

Practicalh ali replies to this ques-

tion showed that the engineering de-

partment is mainly responsible for

specif\'ing the t\'pes of instrument

to be iised and the source of their

supply. Some of the individuais con-

cerned ma\' be members of the plant

operating and maintenance depart-

ments. Even though the purchasing

department ma>- make the final order

from a particular supplier, this is in-

fluenced by engineering reconimen-

dations.
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Servicing systems

Ali respondents indicated that their

own staffs are mainly responsible for

servicing instruments, though a small

proportion of service requirements

may be met by independent contract

or as required from outside sources.

These are probably mainly con-

cerned with specialized equipment.

Preventive Maintenance

Since continuity of operation, and
particularly continuity of control of

variables, are essential in the refinery

the breakdown of components must
be minimized. Consequently there is

a tendency for most operators to use

preventive maintenance programs for

instruments. This is borne out by the

replies to the questionnaire, though
a few exceptions are recorded. Rather
than repair a defect in an instru-

ment, which may later develop a dif-

ferent fault, it is often preferable to

remove complete units and overhaul

them at leisure while replacing them
with a standby unit. This is usually

very convenient with electrical units

which can be removed and plugged
in quickly. Others, which cannot be
removed without affecting the pro-

cess, are maintained at regular plant

shut-down periods or by pre-arrange-

ment with operating staff if more fre-

quent overhaul is indicated. The ex-

perience of several large operators in-

dicates that preventive maintenance
can reduce or eliminate unscheduled

process interruptions, minimize re-

placement stocks, reduce costs, and
distribute the maintenance work load

evenly.

A large refinery adopted preventive

maintenance for over 1450 instru-

ments (including air regulators, large

pressure gauges, etc.) at a cost of less

than $500 for additional office equip-

ment for keeping records, and car-

ried out the program with five mech-
anics and a foreman. Clerical time

was only six hours a week.

Spare Parts Practice

Preventive maintenance records

usually indicate what spare parts are

most likely to be required, so it was
not unexpected to find that most

companies keep a stock of spare parts

based on experience. However, when
starting without particular experience

of certain instruments, the manufac-
turers' recommendations may be fol-

lowed for an initial period. This does

not mean that the makers' sugges-

tions are frequently changed, since

experienced refinery personnel often

coUaborate closely with the instru-

ment manufacturers in the develop-

ment of ecjuipment best suited for

process plant conditions.

Standard or Special Instruments

Partly because of the co-operation

between operators and instrument

makers, there exists a wide range of

standard equipment for refining pro-

cesses, and probably the great major-

ity of instruments specified are stan-

dard models. However, experience or

special requirements may call for

units built to a company's own speci-

fications or modified from standard.

Tliis specialization could po.ssibly in-

crease as research and development

invcstigations into advanced process

control produce new ideas in instru-

ments. However, in the long run, the

prototype special instrument of today

will become another standard for the

refineries of the future.

Ali companies who replied to the

questionnaire buy their own instru-

ments outright.

Statistics on Instrument Usage

Nearly 90 per cent of the respon-

dents gave figures for capital invest-

NEW DRED6ING ECONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

3 Generations of Experience in 19 Countries.

^ One of a large group of dredging companies
spread over three continents.

^ Resources include 41 dredges and 112

supporting vessels of every type and size.

Beaver Dredging will be pleased fo provide

informafion and preliminary esfimates.

BG&\/Gr Dredging
COMPANY LIMITED

Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cob/e Address "F/7/ing"
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nient iu instriimentation. Of these,

.ihont {() \icv cent indicated over
•SõOO. ()()(), thc sanie proportion in the

vAugc Si I ()().()()() to $500,000. and the

lomaiiultT in tlie range $25,000 to

$100,000. Tile same percentage of

replies about capital investment in in-

strunients during the past five years

.showed a range from $20,000 to $1,-

500,000, the second higliest reported

tignre being $1,250,000. Only slight-

ly more than one-third of the com-
panies gave figure for annual main-
tenance costs, and these ranged from
$30,000 to $100,000.

The figures could be taken to in-

dicate that in\'estments in instrumen-

tation are high in this section of the

industry, but that maintenance can be
relatively economical. It should be
remembered that, although total re-

fining capacity in Canada has in-

creased rapidly in recent years, major
capital investment in new or extend-

ed facilities by individual companies
is not usually on a regular annual

basis, but consists of a series of large

steps taken over several years. Thus,

a company that had no major refin-

ery e.xpansion in, say, five years

might show a low capital investment

in instruments during the period (for

replacement and minor modifica-

tions), whereas another company with

a smaller total investment in facili-

ties could show a much higher in-

vestment in instruments in the cor-

responding period because ít had
added large new facilities.

PIPELINES
Although pipeline operations were

not co\ ered by the present question-

naire, the\' reh' considerably on in-

struments and Controls. There are

now nearly 20,000 miles of main Unes

for transmission of oil, gas, and prod-

ucts across the country, with an addi-

tional 45 per cent expansion an-

nounced for the foreseeable future.

This does not include the many
smaller feeder lines in the fields and
the rapidly growing network of gas

distribution lines from main arteries

to man>- communities.

Microwave radio provides multi-

channel Communications for control

and super\"ision of long lines from
central dispatch points. Automatic
flow-conti-ol Systems, using feed-

back amplifier principies, are used

to control unattended pumping sta-

tions. Details of products, leveis,

flows, motor loads, and many other

variables are telemetered to control

centres where they are indicated or

recorded. Motors, pumps, valves. and

other equipment are remotely oper-

ated and controlled from the super-

visor\' centres.

ADVANCED CONTROL
The ultimate goal in both pipeline

and processing operations is compu-
ter control. Computers have alread\-

been used for pipeline feasibilit\

studies and the determination of op-

timiun pipe sizes. Eventual!}', com-

puters may be used for integrated

control of pipeline s\"stems.

In processing operations. one aim

is to ha\ e a computer determine and

maintain optimum conditions, through

Controls, taking into account factors

such as catalyst deterioration.

Before these goals are .satisfactor-

ily reached, much remains to be done

in the improvement of acciu-ac\" and

sensitivity of instruments for meas-

uring both physical and chemical

variables. At present these are the

liniiting factors in tlie development

of control.
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another good reason
to specify

SEASONMASTER

This cabinet has a structural framework of
heavy gauge galvanized steei, securely braced
and riveted. The unit therefore remains rigid

when paneis are removed. The paneis do not
have to provide structural support. Season-
masters are consequently easier to install

and easier to maintain.

Made in Canada —
readily available.

• Dependableperformance—high capacity.

• Complete range of sizes.

• KeepRite rippled fin
cooling and heating coils

for maximum efficiency.

• Easier installation—
easier maintenance.

KeepRite PRODUCTS LTD.
Brantford Canada

A 100% Canadian company
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Canadian Developments
NEWS OF MAJOR ENGINEERING DEVELOPMENTS IN CANADA

H. R. H. THE PRINCE PHILIP, hon m e i c

ADDRESSES SCIENTISTS AND ENGINEERS
H.R.H. The Prince Philip spoke to scientists and engineers

at a luncheon held in Toronto on June 29, 1959

I would like to say how much I

appieciate your invitation to address

vou today. It would have been more
appropriate, I think, if you had ad-

dressed me. Every now and then I

get invitations of this soit and vvhile

I consider them a great honoar I

always try and get out of them in

order to avoid the labour of tiying

to concoct something sensible to say.

The course between platitudes and
controversy is a rocky one, as most
people who speak in pubhc very soon

find out.

However, in this particular case

things are a little bit different be-

cause I think it's about time some
more was said about the very solid

and spectacular developments and

achievements which have taken place

in Canada in recent years.

There is hardly any field of science,

engineering or technology in which

Canada cannot show some (nitstand-

ing example. Canadian medicai and
nuclear scientists have done and are

still doing work out of ali propor-

tion to the numbers of people involv-

ed. The aeronautical engineers have

fully lived up to the early courage

and ingemiity of their predecessors

who designed and built and Mr.

McCurdy who flew the Silver Dart

fifty years ago. I don't suppose any

country in the world has made such

phenomenal progress in the develop-

ment of their natural resources, or

taken such trouble to try and make,

the new towns which will provide

the work people for these develop-

ments into satisfactory human com-
munities.

Perhaps the most dazzling achieve-

ment of ali is the cause of our present

visit to Canada — the completion of

the St. Lawrence Seaway for ocean

going ships. There is much more to

this than the very considerable engin-

eering accomplishment. I think this

project demonstrates the tenacity and

strength of purpose of the Canadian

character. Years of delay and frustra-

tion never discouraged and never de-

flected the purpose of those people

who had the vision and the ambition

to connect the centre of this contin-

ent to the oceans which are the com-
mercial highways of the world.

Canada and the Commonwealth

It is this combination of technical

ability with the qualities of foresight

and enthusiasm which has made ali

these things possible. It is character-

istic therefore that far from being

content with commercial success at

home, Canada also accepts her respon-

sibilities as a member of the British

Commonwealth of Nations.

In Feburary of this year I visited

an undertaking of quite exceptional

interest. At a place called Warsak in

the North West Frontier Province

of Pakistan a party of 150 Canadians

are helping their fellow members of

the Commonwealth to construct a

dam 235 ft. high and 750 ft. long

— a power station to produce 240,-

000 Kw and an irrigation s\stem for

120,000 acres on the Kabul ri\'er. The

project was initiated under the Col-

ombo Plan and apart from the prac-

tical help in the way of technicians

and experts Canada is also contribu-

ting some fifty million dollars to

the project.

This is only one example in the

grovving pattern of inter-Common-

wealth co-operation and help. It has

long been recognized that the wealthy

individual has a moral obligation to

help those less fortunate than him-

self. In case this obligation should

ever be forgotten most governments

have established a system of taxes as

a reminder.

Obligations between Nations

The same obligation is now recog-

nized to exist between nations. It is

recognized that an explosive situation

will inevitably develop if the gap

between the 'have' nations and the

'have-not' nations grows too big. At

the moment international taxation is

confined to supporting international

agencies. The major work of direct

assistance is done by the voluntary

contribution of individual govern-

ments both in cash or in kind. Cash

by itself is seldom enough. Know-

how, technical skill, and experienced

scientists and engineers are the means

by which the well-off can help the

less well-off.

But one thing further is necessary

if this sort of help and co-operation

is to be really effective and this point

is made very clearly in the Koran

where it is said "Verily, God Almighty

does not improve the condition of

people unless they themsehes strive

for it". From what I saw in Pakistan

the^ are striving for it with a whole

heart.

Looked at this wa\- the project at

Warsak is much more important than

the purely civil engineering under-

taking. Its real value lies in the fact

that it is in essence a civil md elec-

trical engineering universit\'. The pro-
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jix t is iu t>u t pi o\ idiug courscs i)f

iiisti uctioii tor every one of the 8,000

iiuMi eniployod, from truck drivers

to ciigiiuxMs, hom phiiit managers to

designeis. Tlie total valiie of this

Canadian contribution to tlie iniprove-

ment of couditions in Pakistan is

impossible to ealculate and it is

certainl>' \ei'\- nmch greater than the

cost in pure money to Canada.

I know perfectly well that theie

are wondeilnl oiiportiniities here, I

know that tlieie are any number of

projeets waiting to be taekled but it

is wortli remembering that the same
is trne of the underdeveloped coun-

tries of the world. The gap between

the 'haves' and the 'have-nots' will

steadily widen with catastrophic re-

sults nnless the more fortunate nations

singly and in co-operation make a real

attenipt to bring them along the path

to a higher standard of living.

Many people pay lip serviee to the

ideais of better international relations

and many people seem to think that

this ean be achieved simply b\- talk-

ing. In fact much more is achieved

by nations working together to com-
plete solid, practical projeets for the

íjenefit of those who most need it.

Warsak is the most convincing proof

of this fact and therefore it is my
hope that we shall see many more
Warsaks in the years ahead.

Mr. Chairman, I am most grateful

for the opportunity to pa>" tribute to

Canadian science and engineering. I

wish you every success in your future

undertakings.

South Saskatche%Yan

River Project

Everything in\'olved in the con-

struction of the South Saskatchewan

River Project is big. The dam will

be the largest rolled-earth fill dam
of its kind in Canada and one of the

larger ones in the world. It will rise

above the present floor of the river

210 feet and will stretch across the

river valley for a distance of almost

three miles.

The diversion works associated

with the dam to contain the ílow of

the river while the main fill is under

construction, consist of five tunnels,

twenty feet in diameter and aver-

aging 4050 feet in length. After the

dam is completed these tunnels will

be converted so that they can be

used to deliver water to the power

generating station and to regidate the

fiows in the river below the dam.

The spillway location utilizes a

natural depression created by Coteau

Creek which flows in the South Sas-

katchewan Ri\ er just below the main

fill. The overall length of the spillway

will be 17,000 feet of which 8,000

will be approach channel, 3,800 feet

concrete control structure and 6,000

feet exit channel. The spillway will

have a discharge capacity of 265,000

cubic feet of water per second to

take care of an>- futine flood condi-

tions that might be expected to occur.

An auxiliar}' earth dam will be

built at the divide between the

Qu'Appelle Valle>- and Aiktow Creek

which flows into the South Saskat-

chewan Ri\'er, to control the flow of

w ater from the main resenoir in the

Qu"Appelle \'alley. This will involve

the building of a dam 90 feet high,

9,000 feet long and TOO feet wide at

the base.

Construction: Ten contracts, totalling

approximately 6U million dollars

were awarded from October, 1958

to June I, 1959. Tenders for the con-

' wor capEíal

expansion

Many industrial enterprises with good

prospeets but in need of finances will be

started cr expanded this year in a way that

provides a sound basis for development

through the financial assistance of the In-

dustrial Development Bank.

Information about I.D.B. fmancing in the fields of:

• Manufacturing • Repairing • Processing

• Transportation • Construction • Air Services

• Packaging • Engineering etc.

can be obtained from your banker, auditor or

lawyer or from the nearest office of the Industrial

Development Bank listed below:

INDU STRIAL
DEVELOPMENT BANK
Establi.shed in 1944 by the Government of Canada to help in fi-

nancing new or expanding sniail and médium sized enterprises.

I. 0. B.

regional

ofiices

Vancouver

Calgary

Winnipeg

Toronto

London

Montreal

Quebec

Saint. John

Halifax

1Ó30 West Georgio St.

513 Eighth Ave. West

195 Portage Ave. East

..... 250 University Ave.

291 Dundas St.

901 Victoria Square

955 Chemin St. Louis

35 Charlotte St.

65 Spring Garden Road
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struction of Embankment, Stage 2

closed recently and the contract was
awarded to Piggott Constmction Co.

Ltd., in the amount of $6,983,437.50.

This brings the total of ali contiacts

to approximately 13 million dollars.

The following summary outlines

the construction activity on the South

Saskatchewan River Project to June

1, 1959.

Access Roads: Two contracts totalling

$341,149.60 were awarded to cover

the construction of two access roads

referred to as the east and north

access roads. The east access road

includes approximately twelve and
one-half miles of road from Provin-

cial Highway 19 to the damsite,

while the north access road covers

approximately sixteen miles of road

extending from Provincial Highway
15 to the damsite and including

access roads to the site.

Construction work on the East

Access Road was started on Septem-
ber 5, 1958 and was completed early

in 1959 by Evans Construction Co.

Ltd., Saskatoon. Taylor Brothers of

Regina started construction of the

North Access Road in April. Progres.s

has been satisfactory and approxim-
ately 50 per cent of the contract is

complete.

Processing Aggregate: Work on this

contiact in the amount of $812,030.00
covering the production of six hun-
dred and twenty-one thousand tons

of concrete aggregate had not started.

The contractor, McNamara Limited
of Edmonton, Alberta, is actively

employed setting up and testing the

processing plant. Stripping of the

stockpile area has been completed
and it was expected that the process-

ing plant would be in operation by
June 15.

Headquarters Services and Buildings:

Four contracts amounting to approx-

imately $1,000,000 have been award-
ed for the purpose of providing

Headquarters Services and Buildings.

In general this work includes the

construction of water, sewer and
Street systems, a well-point water
supply system; and a pumping plant

with appurtenant equipment to serve

the construction headquarters. The
contract for the headquarters build-

ings calls for the construction of forty

housing units and five headquarters
buildings.

Con.struction work was started on
the headcjuarters buildings by Smith
Bros. and Wilson of Regina, Saskat-

chewan, during December 1958. It

is now estimated to be 95 per cent

complete. Construction of services is

being carried out by Beattie Ramsay
Construction Company of Regina and
work is progressing satisfactorily.

Construction Bridge: The construction

of this bridge was divided into two
separate contracts, namely the bridge

substructure and bridge superstruc-

ture, totalling $1,285,225. The con-

tract for the substructure was award-
ed to Foundation Company of Can-
ada Limited, and called for the con-

struction of four river piers and an

abutment structure. The work has

now been completed.

Bird Construction Company Lim-

ited were the successful bidders for

the bridge superstructure which
covers the supply and placing of

structural steel, concrete deck and

approach abutments. Completion

date is scheduled for March 15, 1960.

Embankment, Stage I: This contract

in the amount of $2,941,380. covers

the construction of the embankment
at the east abutment to elevation

Prospecting for construction materiais. Interpretation rapidly uncovers ali avoilable sources.

Pofenfial quarry sites, and sources of borrow and granular materiais are mapped . . . evaluated

for quality, quanfity, overburden and accessibility.

Get basic soils and geologic data
from Aero photo interpretation
Now you can obtain essential soils and
geologic data for the pre-boring stages

ofengineering projects with dependable

Canadian Aero photo interpretation

studies.

Canadian Aero's staff of engineers and
geologists develop basic engineering

data from detailed air photos. For

example, soils are mapped according

to their engineering properties: texture,

plasticity, bearing capacity, and internai

and externai drainage. Generalized pro-

file is indicated.

Area geology is mapped also, according

to engineering properties. Our reports

include: estimates of difíiculty of excava-

tion, susceptibility to slides, dip of bedded

rock, and rock type. Where hydrauUcs
are involved, faults and joints are

mapped, áreas of solution channels in-

dicated, and estimates of porosity made.

In addition, we report on location of

construction materiais, location of

trouble áreas, and determination of

depth to bedrock.

For more information on how Canadian
Aero photo interpretation can provide

data at substantial savings in time and
cost, write us today. Ask for our new
folder "Air Photo Interpretation of

Soils & Geology for Engineering
Projects."

canadian aero service
CALGARY • TORONTO • OTTAWA • LONDON, ENGLAND Itd.
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1750 feet and involves appioximately

8,000,000 cubic yards of material.

Perini Limited of Toronto, Ontário,

was the successful bidder and work
commenced on March 25, 1959. The
contract calls for this work to be
complete by August 1, 1960. To date
satisfactor\- progress has been made
which consists mainly of stripping

borrow and foundation áreas, irrig-

ating borrow pits and placing of com-
pacted embankment.

Embankment, Stage II: This contract

in the amount of S6,983,957..50

covers the construction of the em-
bankment at the west abutment and
involves approximately 18,000.000
cubic yards of material. Tenders
closed on May 28, 1959 and the con-

tract has been awarded to Piggott

Construction Limited of Saskatoon.

Manitoba Flood
Manitoba government engineers

have started surveying alternate in-

let locations for the 26-mile long

Greater Winnipeg floodway designed

to eliminate flood damage in the

metropolitan area.

The S60-million project was one
of several recommended by the Royai

Commission on Flood Cost-Benefit.

The other projects recommended, and
now being studied by the govern-

ment, include:

— A dam on the Assiniboine river

near Russell

— A dam on the Assiniboine river

near Holland
— A diversion from the Assiniboine

river into lake Manitoba leaving the

river near Portage la Prairie.

The Holland dam is being con-

sidered as a possible alternative to the

Portage diversion.

Built in combination the flood

control projects would almost com-
pletely eliminate flood damage in

the Red and Assiniboine river valleys

but not in the Upper Red River

valley in the province. Further study

will be given to control projects for

this area.

Greater Winnipeg Floodway. The
proposed floodway will have a ca-

pacity of 60,000 c.f.s. It will have a

channel base width of 500 feet with

slopes varying from six to one in

clay áreas to three to one in sand

and gravei áreas. The average depth

will be about 35 feet but will vary

along the course of the floodway

from 24 to 67 feet. The plans call

for acquisition of sufficient land to

permit the excavated material to be
deposited in a spoil bank on either

side of the floodway.

A control structure will be required

just below the floodway inlet on the

Red River and an adjoining dike

will have to be built running wcst-

ward. Deposited material will pro-

vide a similar dike east of the river

on the side of the floodway nearer

the city. This dike and control struc-

ture will make it possible to raise the

floodwater elevation upstream from

Control Projects I
the floodway and thus increase the

flow through the floodway.

At the floodway's outlet a drop
structure will be provided to dis-

charge the flow in the floodwa\- to

the lower river elevation without
causing erosion. The Seine river will i

be diverted permanently into the
j

floodway.

In addition to these control struc-
'

tures there will have to be several '

highw a\ and railroad bridge cros-

sings as well as a crossing over the

Greater ^^'innipeg aqueduct.
Russell Dam. This proposed dam
costing Se.õ-million. will be an earth-

fill t\pe with a concrete spillway,

with top length of 3,600 feet and
height of 78 feet above river bed.

The reservoir will extend up- :

stream 56 miles from the dam and
have a full surface area of 22,000

acres, a capacity of 450.000 acre-

feet at spillway levei and a full de-

sign levei of 600,000 acre-feet. This

reser\"oir would allow cutting off .i

flow of 15.000 c.f.s. for a^20-day
period, in the Assiniboine. It would
be of value in conserving water in

dry years.

Portage Diversion. The proposed 18-

mile long channel would lea\'e the

Assiniboine ri\er, near Portage and

run generalh- northward into Lake
Manitoba. It would be a com-

bination open channel and diked

floodwa>-, with a designed capacity

of 25,000 c.f.s. The estiniated cost

would be S8.750.000.

An earth-fill and concrete control

structure would be required in the

Assiniboine river, and a concrete

weir at the inlet of the floodwa\

and several drop structiues alouc

the course.

The weir would make it possibli

to keep water out of the chanm^
when the natural flow of the ri\er

was less than 10,000 c.f.s. But when
flood conditions existed in Greater I

\Mnnipeg a control dam across the i

ri\ er w ould make it possible to dixert !

the complete flow on the Assiniboine

into the diversion channel until the



capacity of the diversion was reach-

ed. Beyond that point the gates on

the dam would be lowered to main-

tain a constant capacity flow in the

diversion channel.

Hand in hand with the proposed

diversion is a project designed to

regulate the levei on Lake Manitoba.

The Fairford river enlargement plan

will allow water to be drained into

Lake Manitoba from the Assiniboine

river without causing unduly high

water on the lake. It would consist of

enlarging the existing Fairford river

outlet channel to allow greater flows

out of the lake during heavy inflow

periods. A control structure in this

channel would help maintain a satis-

factory minimum elevation during

periods of lovv inflow. The estimated

cost of this enlargement will be about

$l/2-million.

Holland Dam. The Holland dam is

still under investigation as a possible

alternative to the Portage diversion.

Its contemplated capacity could be
tvvo or three times that of the Russell

dam but the practical design capacity

is dependent on the results of the

foundation investigation presently

underway.

The Royai Commission also con-

sidered the possibility of widening,

deepening and straightening the ex-

isting Red River as an alternative

flood control measure. But to provide

the same measure of protection as

will be afforded by the floodway
this kind of work would cost about

$132-million — more than double

the cost of the diversion.

The three major flood control pro-

jects on the Red and Assiniboine

rivers are designed to provide pro-

tection to Greater Winnipeg for floods

up to 169,000 c.f.s. below the con-

fluence of the two rivers.

University News
Vniversity of Toronto

A new engineering course will be
started at the University of Toronto
in the autumn. It will be called In-

dustrial Engineering, and is expected

to meet a growing demand.
Those taking the course will study

certain aspects of the various tradi-

tional branches of engineering and
then concentrate on applied mathe-
matics as their field of specialization.

A three year study of the course

in Engineering and Business has

brought a decision to discontinue it.

Students desiring this training are

advised to enrol in one of the con-

ventional engineering courses and
then to invest two additional years

doing graduate work in business ad-

ministration.

2V2-gallon
pressurized water

2V2-gallon
anti-freeze (loaded stream)

The easiest-to-operate portable fire

extinguishers on the market today!

Here, for the íirst time, is a practical, sensible design for pressurized

water and loaded stream extinguishers. No inverting, no bumping,

no valves to turn, no pins to pull (safety lock automatically releases

when nozzle removed).

These two new stainless steel Kidde portables feature simple, one-

two operation—just aim at fire and push the button. Notice the way
the hose is stored, safely out of the way. Notice the wide-open

handle—to insure fast action even in gloved hands. Notice the dust-

and-waterproof pressure gauges—which show at a glance whether the

units are fully charged. Ali of the features—plus the slim design and

light weight of these Kidde portables—make them the easiest-to-store,

easiest-to-carry, easiest-to-operate portables on the market today.

Approved by Underwriters' Laboratories. Available in pressurized

water for fires in ordinary combustibles, or anti-freeze loaded stream

for fires in ordinary combustibles and flammable liquids. For more
information, write to Kidde today.

Walter Kidde & Company of

Canada Ltd.

Montreal —Toronto—Vancouver
The words 'Kidde', 'Lux'. 'Lux-O-Matic'.

'Fyre-Freez' and the Kidde seal are trademarks of Walter Kidde & Company, Inc.
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INTERNATIONAL NEWS

SWEDEN

A LAUGK NEW SHIPYARD uill l)e

foinpletcd in 1962, at Gothenburg,

the first clearing blasts having been

niade in March of this year.

Planiicd for "indoor" buildiíig of

sliips iip to 100,000 tons on the

assembly Hne principie, and featur-

ing a series of advanced technical

s\ stems, the yard is being constructed

b\- tlie Gòtaverken shipbuilders. Its

anniial capacity is planned at about

200,000 tons d.w., and it is esti-

mated that building time for a 40,000

ton tanker will be reduced to 20
weeks. The aim is modernization of

the shipyard's facihties, and the cost

wil] be $30 million.

Starting from the completely me-
chanized plate yard at the far end
of the plant, the material will pro-

ceed on roller lanes to plate and
profiling workshops, welding shops

and further on to the large assembly

hall. Here the hull, stern first, is

assembled in sections weighing up
to 200 tons. Gradually, as new sec-

tions are added, the hull moves on

rollers into one of the open-air build-

ing docks, each measuring 300 by 46
by 10.6 metres, where installation of

machinery and other equipment is

performed from dockside plants. The
ship would be completed and read\'

for her trial run only two weeks after

the prow has left the assembly hall

—where the stern section for the next

ship can immediately be put on the

roller lane. The dock is filled with

water and the finished ship is siniplv

towed out.

The large width of the building

docks, 46 m. will make it possible to

build two 20,000 ton tankers simul-

taneously in the same dock. This en-

sures efficient use of the production

facilities.

A NEW PULP QUALITY for paper-

making, produced by a novel process

pioneered by Stora Kopparberg. has

been launched on the market. Knowii
as "Stora 59", it is a bleached sulphite

pulp made from pine wood. The
principie of the process is that the

wood is cooked in two stages, each
with definitely different pH condi-

tions. In the first stage the wood is

impregnated and partly sulphonated

with an almost neutral cooking liquid,

while in the second stage the remo\ al

of the lignin is performed under acid

conditions.

In order to obtain a highly soluble

bisulphite, a sodium-base was chosen,

as it makes for less hydrolytic destruc-

tion of the valuable hemicellulose

components in comparison with the

conventional sulphite process. Fur-

thermore, it makes possible the grad-

ing of the qualit>- characteristics of

the pulp oxev a much wider range.

fíUST HGIOHAL

mUCHHim CONHRiHCE

ON THE OCCASION OF THE 50TH ANNIVERSARY
'

' '

'•'ll^yly::-

YEAR OF THE OTTAWA BRANCH • 1909 - 1959 •

OaOBBR ' 15-1$, 1959'
LUNCHEON MEETINGS

Participating Branches

Brockville • Belleville

TECHNICAL PAPERS

• Cornwall •

• Upper Ottawa

BANQUEI & DANCE

Chalk River

• Montreal

Kingston

• Ottowa
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Month to Month
News of the Institute and the Profession

Confederation Ballot

Ballots were mailed to 10,835 cor-

porate members whose fees were le-

coided as "paid" at close of business,

June 4, 1959.

The ballot was closed at 5:00

P.M. July 3rd and the results record-

The E.I.C. staff held a farewell

dinner for May McLaren on June 30.

This was the day on which Miss Mc-
Laren's many years of service with

the Institute were completed, with

her retirement.

The whole staff took part in this

tribute to a co-worker whom they

have loved and admired. But, remark-

ably, for ali the implications of sad-

ness the dinner turned out to be a gay

affair, a good party for a really grand

person.

For there was no prospect of in-

activity for Miss McLaren. She was
starting out almost immediately on a

month-long trip to San Francisco, Los
Angeles, and the Grand Canyon. And
there were suggestions of absorbing

activities, also, after her trip.

General Secretary Garnet Page
started the very informal after dinner

talk with a toast to the guest of hon-

our. Dr. Austin Wright was present,

and being the person best able to tell

the story of May McLaren's long and
important service to the E.I.C. he did

this effectively. People close to In-

stitute work have known or guessed

how deeply she was involved. But,

largely unknown to the membership,
her unfailing assistance to the general

secretary made many projects pos-

sible. Dr. Wright mentioned some of

the projects on which her help had
been invaluable—over and above a

large share of responsibility for the

routine of the Institute operations,

and for the welfare of the staff.

The staff presented two gifts to

May: a clock-radio which they hoped
would entertain and please, and a

purse of money which they asked
her to use according to her own in-

ed by the scrutineers are as follows:

—

"Yes" votes 3,628

"No" votes 192

Spoiled ballots 2

Unidentified 15

Total 3,837

Misj McLaren (Icft) received her gift

from friend and co-worker Miss Maudie
Abraham, oí headquarters.

clination.

Miss McLaren gave a talk that was
really entertaining. She spoke about
the four general secretaries she had
worked with, the many friends she

had made among the members and
their wives, and the travelling she had
enjoyed.

ASME- E.I.C, Calgary
Calgary, Alberta was chosen as

the location of the June meeting of

the Boiler and Pressure Vessel Com-
mittee of the American Society of

Mechanical Engineers. It was held on
June 1-3, 1959, with headquarters
in the Palliser Hotel.

The Calgary Branch of the Engi-
neering Institute sponsored this meet-
ing on one of the very few occasions

when the ASME Committee of some
80 members has held its regional

meeting in Canada.
The purpose of these meetings is

to hear and consider suggested

changes in the ASME Code, and to

discuss and interpret specific cases.

The agenda included meetings of

sub-committees on non-destructive

testing, on welding, on power boilers,

on heating boilers and on unfired

pressure vessels, as well as the main
committee on boiler and pressure ves-

sels. Among the decisions reached

was one permitting wider use of cast-

ings in nuclear reactors covered by
the Boiler and Pressure Vessel Code.

If confirmed by letter ballot, the rul-

ing will be issued in the near future.

It was an extremely successful ses-

sion. The Canadians offered their

guests many social events, including

a western barbeque and entertain-

ment, sponsored by the province, the

Calgary Branch of the Institute of

Power Engineers and the ASME.
Planning and arrangements for the

program were carried out by P. S.

Grant, m.e.i.c, and Neil Carr,

M.E.I.C, chairman and vice-chairman

of the committee on arrangements,

and Gerald Coughlin, president of

the Calgary Branch of the Institute

of Power Engineers.

E.I.C. Elections and
Transfers

A number of applications were pre-
sented for consideration and on the
recommendation of the Admissions Com-
mittee, the following elections and trans-
fers were effected at a meeting of coun-
cil on June 7, 1959.

Member: S. G. Beckett, Toronto: H. R.
Brand, Jamaica; P. W. Breithaupt. To-
ronto; G. R. Cook, Niagara Falis; K. J.

Lee. Toronto; A. F. Provenzano, Vernon;
R. G. Regimbal, Copper Cliff; K. G.
Richardson, Toronto; H. K. Sandlos,
Sarnia; T. Smith, Sarnia; J. W. Wilde,
Toronto.

Júnior: N. F. Budgeft, Winnipeg; T. J.

Flint. Sarnia; W. H. Harley, Toronto;
P. G. R. M. Waddell, Ottawa.

Affiliate: C. G. Lenihan, Vancouver.

Júnior to Member: D. E. Morrison, To-
ronto; R. J. Nesbitt, Lauzon; R. W. Rogers,
New Westminster.

STUDENTS ADMITTED
Universily of Toronlo: P. J. OHiggins,
A. H. Tilt, J. A. Underwood.

University of Alberta: D. J. Winkel.

Applications through Associations
By virtue of the co-operative agree-

ments between the Institute and the
Associations the following elections and
transfers have become effective;

ALBERTA
Member: R. D. Meeres; Júnior to Member:
A. G. Swanson; Sludent lo Júnior: W. N.
Hasegawa.

NOVA SCOTIA
Members: A. F. Goodwin, J. J. Hernon,
G. R. Oulton, J. F. Vajda; Júnior to Mem-
ber: G. E. J. Blaiklock, D. C. Menchions,
J. R. Soy.

Miss May McLaren Retires
E.I.C. Staff Pays Tribute
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

QIEBEC
Alistractetl from the BuIIetin of tlie

CPEQ, May, 1959. .

Tl»e Annual General Meeting

Tlio 1959 annual general meeting of

the Corporation was very well attended:

aboiít 150 menibers were at the nioming
session and attendance rose close to 300
in the afternoon.

Conrímittee Reports

As annoiínced previously, a morning
session was held this year for the ex-

cliisixe purpose of discussing the reports

subiiiitted by the various Corporation
Conimittees. These reports were received
biit held for discusion at a forthcoming
meeting of Council.

In connection with the report of the
Remuneration Committee, some explan-
ations were provided on the background
of the Report on Salaries. It was re-

ported that the figures quoted in the
Report were obtained through a survey
in which twenty-eight Quebec finns and
some sixty-five Ontário firms participated.

The figures shown in the Report were
representative of salaries actually paid by
these firms.

The Report of the Committee on the
Advancement of the Employee Engineer
drew much interest. It was reported that
the Committee had produced a form of
employment agreement for possible use
as a guide to individual engineers and
had recommended to Council that this
form be made available to the member-
ship. It was pointed out, however, that
the Committee did not find it appropriate
at this time to recommend that the use of
written agreements be encouraged by the
Corporation. Council agreed with these
views and a form of agreement prepared
by the Committee is to be made available
as soon as it is reviewed by the legal
adviser.

The Committee on Consulting Prac-
tice recommended in its report that Con-
sulting Engineers be treated as a dis-
tinct group in the Code of Ethics and
also that the title "Consulting Engineer"
be defined either in the Act, By-Laws
or Code of Ethics. A revision of the Tariff
of Minimum Fees was also recommended
by the Committee.

Regular Business

In the afternoon session, Councirs
Report for 1958 as distributed to the
membership in printed forni was dis-

cussed and approved. Likewise, the
Treasurer's report appearing as an ap-
pendix to Councirs Report was approved.

Some members commented on the fact

that eligibility to our Group Life In-

surance Plan is restricted to members
below age 60. It was felt that there

should be a higher age liniit so that older

members may join the plan. It was
pointed out, however, that premiums at

ali ages would have to be raised sub-

stantially if the age limit were extended.

ALBERTA
Annual Meeting—Committee Reports

Abstracted from The Alberta Profes-

sional Engineer, June 1959.

Giving the Chair to C. A. Stollery (the

Vice-President) Dr. G. W. Govier, in his

capacity of Chairman of the Acts and
By-Laws Committee, outlined the work
that his committee had done, and indi-

cated in detail the changes in the wording
of the Act that had been approved by
Council. These changes allowed for the

separate designations of Engineers, Geol-
ogists and Geophysicists (Council had
rejected the suggestion that Scientists be
registered). An "eminent persons" clause,

accepted by Council by a majority of

one, was the subject of some discussion,

and the clause was rejected by a vote

of 62 to 42. The amended Act wiW go
before Legislature next session.

Reports from Committees on Counsel-
ling and Education, Discipline, Enforce-
ment, and Consulting Practice, were
unanimously approved.

The Public Relations Committee re-

port was presented by Mr. J. Longworth,
who described to members the aims of

his Committee: to promote, both inside

and outside the Association, pride in and
recognition of the Association's work. The
Committee, to this end, had formulated
a ceremony for the presentation of mem-
bership certificates (the first ceremony
was held in Edmonton on January 23,

1959), had instituted a new and im-

proved seal, and had distributed copies

of the new Information booklet "The
Engineer and His Profession." Liaison

with University students continued

through the annual luncheon held this

year on March 21 and, with the appro\ al

of Council, arranncnunts were to be

made to present nu ritoi iinis high school

students with slide rides. Association

news and opinions had been transmitted

to reading members by the fi\e pub-

lished copies of The Alberta Professional

Engineer. Mr. Longworth concluded by
expressing his appreciation of the As-

sociation's Public Relations Counsel,

McConnell-Eastman Ltd.

In his Committee's report on Engin-

eer's salaries, the Chairman Mr. T. D.

Stanley indicated that the small num-
ber of replies to the questionnaires (bare-

ly over 50%) seemed to imply that mem-
bers were perhaps not ver>' interested in

the survey. Mr. Stanley endorsed the new
Salaries booklet and felt sure tliat the

membership would appro\e of it. He
also presented curves indicating the re-

sults of the earnings' survey.

The report from the Special Commit-
tee on Mechanical Engineering at the

University of Alberta was happily in-

troduced by Dr. Go\ier, who told the

meeting that the establishment of a de-

gree course in Mechanical Engineering
had just been announced by the L^ni-

versity President, Dr. W. H. Johns. The
meeting applauded this news and tiie

appointment of Dr. George Ford as

Department head.

MANITOBA
Record Attendance at Annual Dance

Four hundred and se\ent>"-eight

people, the largest turn-out ever, at-

tended the Association's Annual Ban-
quet and Dance at the Royai Alexandra

Hotel. From the opening cocktail part>

through the banquet and on to the danc-
ing, the large crowd enjoyed themselves

thoroughly.

AU branches of the profession were
well represented with large groups com-
ing from the Manitoba Ci\il Ser\ice.

the Manitoba Hydro-Electric Board, tln

construction industr>- and the Consult-

ing fields, President Les Wardrop hosted

members of his firm at the gathering.

Councillor, R. E. Chant, P.Eng.

The election of Professor R. E. Chant
to the Association Council at the annual

meeting adds another chapter to tlio

veiy colorful career of one of the well-

known members.

First Lad>- Engineer

At the last session, the Provincial

council unanimousK' concurred to accept

Mrs. E. Kuiper (nee Minka \'an dor

Schaaf) into the Association. This is tho

first time in the histor>' of the provin-

cial organization that a lady has been

admitted as a member. This welcomc
precedent could not ha\e been set b\

a more charming lad>".

Mr. Edward Kuiper, her husband. is a

well known member of our .\ssociation.

They ha\e fi\e children who wero liorn

in three differont countries.
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LOOK WHAT WE MAKE
BESIDES LOCOMOTIVES!
many different kinds of equipment and

heavy machinery for industrial uses

to
Steel mill equipment . . . heat exchangers for petroleum and chemical industries . , . stop logs and booms

•or iniand woterways . . . feedwater heaters for the power industry . . . these are just a few of the many

ypes of industrial equipment and machinery that MLW has been turning out for years to the complete

iotisfaction of a wide range of customers. Don't think of us as just a leading builder of locomotives. Think

jf us every time you have a need for heavy machinery and equipment. We have the tools, the know-how

and the capacity to quote competitively and deliver on time. Cali on us for quick efficient service.

MONTREAL LOCOMOTIVE WORKS
LIMITED to
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Dr. R. L. Hearn, m.e.i.c. (Toronto, '13)

lias beoii appointed depiity chairman of

the hoard of British Newfoiíndland Cor-

poration Limited in Montreal.

Robert J. Askín, m.e.i.c. (Queen's '23)

of Abitibi Power & Paper Company,
Limited has been appointed executive

vice-president (development, engineering

and Services) for the company in Toronto.

M. Neil Hay, m.e.i.c. (Queen's '23) works
nianager of the Aliiminum Company of

Canada Limited, Kingston, Ontário, has

retired after many years of service with

the company.

E. R. Smallhorn, m.e.i.c, (McGill, '23),

Consulting engineer, has been elected

mayor of Senneville, Que.

M. S. Fotheringham, m.e.i.c, (Toronto
'31), was awarded the International

Nickel Company of Canada, Limited,

platinum medal during the annual din-

ner of the Canadian Institute of Mining
and Metallurgy in April. Mr. Fother-

ingham is president and general mana-
ger of Steep Rock Iron Mines, Limited,

and vice-president and director of

Premium Iron Ores Limited.

D. O. D. Ramsdale, m.e.i.c, (McGill '33),

manager of transformar department,

English Electric Co. of Canada Ltd.,

was elected chairman of the Niagara
Peninsula Branch of the Institute, at the

Brandi annual mecting.

Robert J. Askin,

M.E.I.C.

D. O. D. Ramsdale,

M.E.I.C.

A. H. Pask, m.e.i.c. (Manitoba, '35) has

been appointed chief engineer with the

Greater Winnipeg Gas Company.

F. W. Cranston, m.e.i.c, (Queen's '36)

has been appointed a vice-president of

Babcock-Wilcox and Goldie-McCulIoch
Limited, and will retain responsibilities

related to his present position as gen-

eral sales manager. An incorrect refer-

ence to this appointment was made in

the June issue of the Journal, for which
the editors sincerely apologize.

W. O. Horwood, m.e.i.c (McGill, '37) of

International Equipment Company Limi-

ted is the general sales manager for the

company 's Montreal office.

W. O. Horwood,
M.E.I.C.

William S. Allen,

M.E.I.C.

Dr. G. G. Meyerhof, m.e.i.c (London,
'38) has accepted an invitation by the

National Research Council of Canada to

become a member of the Councirs Asso-

ciate Committee on Soil and Snow Mech-
anics. He is head of the department of

civil engineering, Nova Scotia Technical

College, Halifax, N.S.

F. A. Davis, m.e.i.c (Queen's, '40) of

Foundation of Canada Engineering Cor-

poration Limited is division engineer

with the petroleum and petroleum

chemical division in Toronto.

William S. Allen, m.e.i.c (Queen's '43)

has been elected to the board of direc-

tors of Racey, MacCallum and Associates

Limited, Montreal. He is executive en-

gineer, Toronto division.

E. F. J. Clark, m.e.i.c (Toronto, '47) has

recently been made manager of the

Toronto sales office of Canada Cement
Company, Limited.

J. Brown, m.e.i.c of Dominion Structural

Steel Limited, Toronto, has been ap-

pointed assistant to the president.

H. .1. T. Patterson, m.e.i.c (Mc-Gill, "48)

has been appointed Montreal district

sales nianager for the Dominion Struc-

tural Steel Limited.

C. Peter Jones, m.e.i.c, (British Colum-
bia '48), partner in the firm of Read.

Jones, Christoffersen, Vancouver, is the

chairman of the Vancouver Branch of

the Institute, having been elected at

the recent annual meeting.

A. G. Watt, m.e.i.c, has been appointed

manager of the structural di\ ision of tlic

Saint John Dry Dock Co. Ltd., East

Saint lohn, N.B.

H. J. T. Patterson,

M.E.I.C.

C. Peter Jones,

M.E.I.C.

Rear Admirai (E) Brian Roff Spencer,

M.E.I.C, chief of Naval Technical Ser-

vices, (R.N. Engr. College, England, '49)

has been appointed to the board of direc-

tors of Canadian Arsenais Limited.

R. Kenneth Robertson, m.e.i.c (McGill.

'49) is the general manager of the Quebec
division of Cooksville-Laprairie Brick

Limited.

W. E. Dowbiggin, m.e.i.c (McGill, '501

has recently been appointed manager,

gas products, of Linde Company in

Alberta.

D. McNieol Lowe, m.e.i.c has been ap-

pointed resident engineer for Founda-
tion of Canada Engineering Corporation

Ltd. on the St. John's harbour inipro\e-

ment project at St. John's. Newfound-
land.

Kaljo Tammik, m.e.i.c (Sweden, '57
1,

formerly of London, Ontário, is now as-

sistant to general manager with \\'alsli

Canadian Construction Company Limited

in Montreal.

Gordon F. Coates, jr.e.i.c. (Alberta. "481

has been appointed manager of tlie high-

way di\ision, Mannix Company Limited.

Calgarv.

J. Brown,

.M.E.I.C.

R. Kenneth
Robertson. M.E.I.C.

S/L N. B. Flavin, jr.e.i.c (Alberta. "50,

Mass. '59) has conipleted his niasters

degree at Massachusetts Institute of

Technology. He is now at Air Force

Headqiiarters in the Directorate of S\ ^-

tems Evahiation, Ottawa.

W. E. Dowbiggin,

M.E.I.C.

E. F. 1. Clark.

M.E.I.C.
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t the New Ecole Polytechnique
Dominion Bridge supplied the boiler room
equipment for the new Ecole Polytechnique

in Montreal. In line with the modern build-

úigs and facilities, the boUer plant in-

corporates the latest technical features. It

wUl supply steam for ali heating purposes

as well as high pressure superheated steam
for use in various laboratories.

Three oil-íired water tube boilers, with

ali main auxiliary equipment, were installed

by Dominion Bridge Company Limited.

Two boilers have a capacity of 25,000 pph
each, designed for 200 psi (saturated). The
smallest unit, having a capacity of 9,000

pph, is designed for a pressure of 300 psi

(with superheat).

The boiler room has been designed as a

mechanical engineering department labora-

tory and is used for student instruction.

Consulting Engineer:

Pierre-Paul Vinet, P. Eng.

fFrite for Publication No. BF-113 to Box 280, Montreal, Que.

Water Tube Boilers by
I

Buy Conodion
|

DOMINION BRIDGE



• PEHSONALS

Marcol Lapierre, jh.k.i.c. (Ecok- Polytcch-

iiiqiu'. '50) lias Ix-cn niadc assistaiit man-
ager of tlio iiuliistrial salcs dt-partmcnt

for I l\cho-QiR'bcf.

Jolin R. Cluillis, jK.E.i.c. (Toronto '51)

lormt'rl\- of Montioal has joined the staff

ot Kilhoni Enuiiicc-ring (1954) Limited,

Toronto as residcnt engincer on projects

in tlu" St. Catharincs, Ont. area for the

St. Lawrence Seaway Authority.

D. A. Young, jR.E.i.c. (Manitoba, '52) has

bcen appointed secretary of the Founda-
tion of Canada Engineering Corporation

Limited in Montreal.

Richard M. Girling, jr.e.i.c. (Saskat-

clicwan '57) is resident engineer with

Hadthn, Da\is &: Brown Limited, Ed-
monton, Alberta.

OBITUARIES
The sympathtj of the Imtitute is extended to the relatives

of those whose passing is recorded here.

Gregorv Dewhurst,

Jr.E.LC.

H. A. L. McGuire,

S.E.LC.

Gregory Dewhurst, jr.e.i.c. (Saskatche-

wan '57) of Honeywell Controls Limited,

Calgary has transferred to the industrial

division sales and service for the Calgary
and Edmonton áreas.

F. E. Roy, s.E.i.c. (Manitoba, '58), for-

merly at Avro Aircraft Limited has ac-

cepted a position with the Department
of National Defence, inspection services,

in Ottawa.

H. A. L. McGuire, s.e.i.c. has been
awarded a scholarship in engineering

from the Foundation Company of Can-
ada Limited and will continue his studies

at the Nova Scotia Technical College.

Hugh Robertson, m.e.i.c, died on Feb-

ruary 24, 1959.

Born on June 6, 1886 in Helensburgh,

Scotland, he graduated from Technical

College, Glasgow, Scotland.

During the early part of his career he

assisted in tlie design of various bridges

and Steel buildings. From 1908 to 1912

lie was resident engineer on the con-

struction of roads, sewers and various

buildings in Scotland.

In 1912 he became draftsman and
transitman with the C.P.R. at Montreal

and Toronto and in 1913 to 1915 he was
a transitman of tlie C.P.R. in Toronto.

Later he worked in the Canadian In-

spection Company, with the Ontário

Hydro Electric Power Commission and
with the Ontário Department of High-

ways.

In 1950 he was bridge engineer with

the Department of Highways in Ontário.

Col. C. Arthur Scott, m.e.i.c, British

Columbia commissioner of the Canadian
Red Cross died on April 4, 1959. He had
been commissioner for fifteen years.

During World War I, he served from
1915 to 1919 as an officer with the

Queen's Own Rifles.

Before coming to Britisli Columbia in

1944 from Toronto where he was born,

Colonel Scott was national field directoi

of the Red Cross. From 1940 to 1942 as

overseas commissioner with headquar-

ters in London.

He designed and carried out the con-

structíon of the Canadian Red Cross

Hospital at Taplow. The first civilian

Red Cross blood donor service was set

up under his supervision in B.C. in 1947.

Earlier, Colonel Scott was a roadway
engineer for the citv of Toronto.

Claud Norris Rands, m.e.i.c, president

of Rands and Associates, died on June 2.

1959. at Regina, Sask.

Mr. Rands was born in Portsmouth,

England. He graduated from London
Universit>-. During World ^^'ar II he
served as a lieutenant in the RX\'R.

After coming to Canada in 1951 he
headed Rands and Associates, a geo-

logical Consulting firm in Calgar>^ and
Edmonton.

Mr. Rands was an acti\e member of

various organizations and a Fullbright

Fellow to the U.S.A. to carry out post-

graduate research in sedimentology.

Gordon Reed, m.e.i.c, president of the

Quebec branch of the Canadian Handi-

crafts Guild, died on March 27, 1959 in

St. Sau\ eur, Quebec. He was a practising

architect in Montreal.

Born on September 17. 1895 in Ottawa.

Ontário, he attended Lower Canada Col-

lege and McGill LTniversit>". He graduated

in 1922 with a B.Sc. degree in civil en-

gineering.

During both \\'orld ^^'ars he .served

with the Ro\ al Canadian Arm\-, retiríng

with the rank of Major.

Mr. Reed was \ice-president of the

Historical Sights and Monuments Com-
mission of Quebec, and a member of

The Quebec Association of Architects

and the Royai Architects Institute of

Canada.

Correction

Egon Alzner. m.e.i.c, whose death was
reported in .Tune, 1959 issue, was a

graduate, 1928, from Teehnisehe Hoch-
schule in Munich where he receixed tlie

title of Diplom Ingenieur in mechanical

engineering. He later studied for a \ear

at the Teehnisehe Hochschule in Char-

lottenbnrg, Berlin. On this information

about graduation the Journal item was
inaccin-atc.

E.I.C. Annual General Meeting, 1960

Royai Alexandra Hotel, Winnipeg, Man., May 25-26-27.
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Gheck these

DORMAN
DIESELS
plus points

Blackslone E.R.S. 8 Turbo charged

Diesel 660 BHP continuous 750 RPM.

ALL KINDS OF

POWER

Lister HA3 air cooled lightweight Diesel 30 BHP conrinuous 1 800 RPM.

LiSTER-BLACKSTONE

DIESEL ENGINES
Wherever you use Diesel power, there is a

Lister-Blackstone engine to handle the job
efficiently, economically. The full line includes units

from 3 H to 1400 BHP.
Built in a tradition of reliability , ali models incor-

porate the very latest improvements in Diesel design.

Easy maintenance and dependable operation are

assured when you specify Lister-Blackstone. Service
and spare parts are available from coast to coast.

Write US for details indicating application.

CANADIAN LISTER-BLACKSTONE
LIMITED

VANCOUVER
3135 West Broadway

TORONTO MONTREAL
1921 Eglinton Ave. E., 25 St. James St.,

Scarborough Vllle St. Pierre

In the U.S.: Lister-Blackstone, Inc., 42-32 21st Street, Long Island City 1, N.Y.

PROVEN IN RUGGED
CANADIAN CONDITIONS

* Advanced-design diesels—Wide power range 20

h.p. to 455 h.p. Generating sets 10 kw. to 200 kw.
* Maximum degree of standardisation and in-

terchangeability of parts

* Económica!, efficient and competitively priced

* Service and immediate availability of spares

keeps "down time" to a minimum

Here in Canada DORMAN Diesels have been accep-

ted on the merits of their proven working under really

tough conditions. As an example, we have been

awarded a contract to supply 44 of our "L" range en-

gines for powering a new micro-wave radio link for

Canadian National Telegraphs between St. Johns,

Newfoundland, and Sydney, N.S.

These engines range from 20 to 120 h.p. and many

of them will have to run up to 6 weeks without

any human attention in remote unattended sites.

This is the kind of performance which keeps operators

and engineers throughout Canada enquiring about

Dorman Diesels.

In addition to comprehensive stocks of spares

held by our service agents for immediate deliv-

ery, engines are also available.

* Write for full details of DORMAN DIESELS and

list of Sales and Service Agents to :
—

DORMAN DIESELS
CANADA LTD

80 QUEEN ELIZABETH BOULEVARD, TORONTO II

(Manager: Kenneth C. Wilkesi

Cables; DORMAN TORONTO Tel: Clifford 1-3642

AGENTS THROUGHOUT CANADA
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E.I.C. CERTIFICATE OF ADVERTISING MERIT
'llii' t\\i)-patíí' insert of Canada

Wire anel Cahle Company Limited,

pages 157-158 of the May issue of

the ]oumal has heen voted the "best"

in tliat issue 1)\ a jviry of fifty readers.

ludííing was based on ACCURACY -

INFORMATION - ATTRACTION.
This is the second time this Com-
pan\"s advertising has been voted

"the best in the issue" since the

a\\ard of certificates was commenced
in January of this year.

The insert is printed in four colours

on tlie fiont and in black and led on

the reverse side. Tlie copy on the

front page eoveis a special cold

ehamber in the advertiseis' develop-

ment laboratoiy in vvhich samples of

wire and cable were tested for flex-

ibility at -100°F. On the other side

there is a description of the "Verto-

zone" continuous vertical vulcaniz-

ing process designed to improve ozone

resistance of high voltage cables.

The advertisement was prepared

and placed by Walsh Advertising

Company Ltd., Toronto.

CANADA WIRE AND CABLE WINS SECOND AWAIID
The Canada Wire and Cable Co. Ltd., two page, four colour, insert was voted

lhe best in the May issue from the viewpoints of ACCURACY-INFORMATION-
ATTRACTION.

Front Back

First In Canada!

VERWZONE
Ne« Canaáa Wire contiBMes

VERTICAL ralcMizMg p«cea
* iraproíís oime resistaBce of

taígt ««Itage ubies

PLASTIMENT

CONCRETE

DENSIFIER

in liquid or

powder form

FOR

QUALrXY

CONCRETE .

• reduces cracking
• increases density
• higher bond-to-steei

• For comp/efe informafion write for bullefin J-58

SIKA CHEMICAL
OF CANADA LTD.

Toronto, 660Z Eglinton Ave. E., HU. 9-7251
Montreal, 4630 St. Catherine St. W., WE. 7-2132

Vancouver, 119 West Pender St., MU. 4-7018

Heres why
SPUN ROCK WOOL

is the SUPERIOR
INDUSTRIAL INSULATION
In every industrial insulation application, Spun Rock
Wool will do a superior job, because no other
insulating material equals Spun Rock Wool in overall

advantages.

# Naturally resilient. Non-corrosive to melais.
Strong.

• Safe limit of 1200°F for continuous industrial

work.

# No binder to burn out.

9 Holds up under conslant vibration.

9 No heaith hazard. During installation, neither

gloves nor masks need be used.

* Maximum economic density of application is only

6-lbs/cu. ft., resulting in a saving in freight costs.

Spun Rock Wool is a superior insulation for every

application. Available in bulk, blankets and pipe

covering. Write today for a free Technical Bulletin.

SPUN ROCK WOOLS
Limited

Thorold Ontário
Represented by.

Asbestos Ltd. Atlas Asbestos Co. Ltd.

Refractories Engineering and Supplies Ltd.
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CONTÍNUOUS

OALVANIZEP
Preformed os

WALL PANELS • ROOFING • INSIDE PARIiTIOtSiS

PERMANENT . . . "Stelcoat" has lhe strongth that

only Steel can give, and with normal care will

provida long and satisfactory service.

ECONOMICAL . . . "Stelcoat" needs less structural

support than other materiais and lends itself

to streamlined building methods.
MODERN . . . "Stelcoat" is eílicient and versatile,

to satisfy the colouríul requirements of

present day design.

SteIco's continiious galvanizing process bonds

zinc to Steel so tightly that the coating on

"Stelcoat" Sheets will not flake, peei or chip,

even Avhen worked to the limits of the steel

itself. "'Stelcoat" Sheets are available flat, corru-

gated, fluted or ribbed, from ali leading fabrica-

tors in Canada.

FOR FURTHER INFORMATION CONTACT ANY STELCO SALES OFFICE

THE STEEL COMPANY OF CANADA, LIMITED vé
Execu/;Ve Offices: Hamilton and Montreal

Sales Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor, Winnipeg,

Edmonton, Vancouver. J. C. Pratt & Co. Limited, St. John's Newfoundland. 58073.B
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MEET THE AUTHORS
R. L. Clark, Commissioner of Works,

The Municipality of Metropolitan To-

ronto (The Humber Sewage Treatment

Plant).

Mr. Clark graduated in engineering

from the University of Toronto in 1937
with a B.A.Sc. He worked as mechan-
ical superintendent of the Consumers'
Gas Company of Toronto, held the rank
of flight-lieutenant with the R.C.A.F.
as a navigator during the first part of

the war and later was a construction and maintenance engi-
neer on the Northwest Staging Route in the Yukon and
Northwest Territories. In 1946 he joined the engineering
ranks of the City of Toronto and was appointed Cimmissioner
of Works of the Metropolitan Corporation in July 1956.

Y. DeGuise, m.e.i.c, assistant chief

engineer, regional operation division,

Quebec Hydro (The Beauharnois No. 3
Development).

Mr. DeGuise graduated from Ecole
Polytechnique in Montreal in 1937 and
completed the Canadian General Elec-

tric Company two-year test course in

1939. He worked for Provincial Hy-
draulic Service of Quebec until 194.5

when he joined Quebec Hydro. He was
resident engineer at Beauharnois plant from 1947 to 1951
and superintending engineer of generating stations 1951-
1953. He has held his present posítion since 1954.

From 1943-1955 he also lectured in water power engi-
neering at Ecole Polytechnique.

Mr. DeGuise is a member of the Corporation of Profes-
sional Engineers of Quebec, American Institute of Electrical
Engineers and other electrical societies.

C. Forest, m.e.i.c, assistant chief engi-

neer, power development division,

Hydro-Quebec (The Beauharnois No.
3 Construction and Development).

Mr. Forest obtained his B.A. in 1936
from Montreal University and gradu-

ated from Ecole Polytechnique in 1941.

From 1941 to 1943 he was with the

Civil Aviation Division of Department of

Transport. From May 1943 he was field

engineer on the Beauharnois canal until

1946, with Beauharnois Light Heat & Power and Hydro-
Quebec. In 1946 and 1947 he was field engineer on Beau-
harnois No. 1. From 1948 until 1952, resident engineer on
Beauharnois No. 2. In 1952, superintending engineer of con-

struction in the Montreal head office of the power develop-

ment division of Hydro-Quebec. In 1953, Mr. Forest was
transferred to Bersimis Lac Casse project as assistant project

manager. In 1954, Mr. Forest carne back to Head office as

special assistant to the chief engineer, in 1956 became general

superintending engineer of construction and in 1958 assistant

chief engineer.

A. J. Bachmeier, head of the gas dynamics section, and R. A.

Tyler, sénior research officer, both of the division of mechan-
ical engineering, National Research Council (A Gas Turbine

Power Plant for Locomotives).

Mr. Bachmeier is a graduate of the University of Saskat-

chewan and has been with N.R.C, since 1946.

Mr. Tyler is a graduate of the University of London and

joined the N.R.C. Council in 1947.

J. Featonby, designer, E. S. Moore, designer and D. C.
MacPhail, director, ali of the division of mechanical engineer-

ing, National Research Council (A Gas Turbine Power Plant

for Locomotives).

Mr. Featonby worked for Armstrong Siddeley Motors
Ltd., Coventry, England, before joining the N.R.C, in 1948.

Mr. Moore worked for D. Napier & Son, Alton, London,
England before he joined N.R.C, in 1949.

Dr. MacPhail is: a graduate of the University of British

Columbia and carne to N.R.C, in 1948 from the Royai Air-

craft Establishment, Farnborough, England.

R. J. Kennedy, m.e.i.c, department of

civil engineering, Queen's University

(Littoral Drift in Lake Ontário Har-
bours).

Professor Kennedy graduated from
Queen's University in 1941 with hon-

ours and the medal in civil engineer-

ing.

During the years 1941 to 1946 he

served with the R.C.E. and was award-

ed the military cross at Arnhem in

Holland.

From 1946 to 1948 he was teaching at Queen's Uni-

versity then spent a year at the State University of lowa on

the J. Waldo Smith Hydraulic Fellowship of A.S.C.E. Re-

turned to Queen's where he has been on the staff to date.

Professor Kennedy has been supervisor of the Pulp and

Paper Research Institute of Canada for project RC-12 since

1952. He was awarded the R. W. Angus medal of the

Engineering Institute of Canada in 1958.

A. Brebner, department of civil engi-

neering, Queen's University (Littoral

Drift in Lake Ontário Harhours).

Dr. Brebner graduated from the Uni-

versity of Aberdeen, Scotland in 1947

and received his doctoral degree there

in 19.52.

During the Second World War he

served as pilot in the R.A.F. Dr.

Brebner was on the staff of the Kent

Rivers Catchment Board and taught at

Aberdeen University. Since 1957 he has been

staff at Queen's University.

Dr. Brebner is an associate member of the Institution of

Civil Engineers, a member of the International Association for

Hydraulic Research and has pubhshed numerous papers on

structural and hydraulic topics.

N. R. Grover, m.e.i.c, supervising engi-

neer plant department, engineering

headquarters, Canadian Broadcastinu;

Corporation (C.B.C. Studios 7 and 42

Video and Audio Facilities).

Mr. Grover was bom in Saskatchewan

and obtained his early education there.

During the World War II he flew with

the R.A.F. Ferry Comniand. In 1945

he joined the Canadian Broadcasting

Corporation.

He received his B.Sc. from Sir George Williams College

in Montreal.

Mr. Grover is a member of the Corporation of Professional

Engineers of Quebec.

At time of going to press no information was available on

Mr. S. G. Anderson.

a member of

Our cover picture shows the Humber Sewage Treatment Plant, Metropolitan Toronto, near its completion. In the foreground are

shown final settling tanks with the retum sludge pumping station on the right. Behind the aeration tanks is the blower building

and head house. To the left are the two primary sludge pumping stations.
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RIGHT ON THE BUTTON. Pushing the start-up

button starts the operation of making Transite Pipe.

The cam at the right controls the cycle for completing
the particular size of pipe in production. Pre-cut
cams are available for various sizes of pipe.

6 THE ENGINEERING JOURNAL—SEPTEMBER, 1959



THE

HUMBER
SEWAGE TREATMENT PLANT

R. L. Clark, Commissioner of Works

The Municipality of Metropolitan Toronto

BY AN ACT of the Provincial

Legislature in 1953, The Munici-

pality of Metropolitan Toronto was

established, to provide certain essen-

tial services for thirteen adjacent

municipalities. This action culminated

nearly three years of discussions, hear-

ings, and intensive studies of existing

conditions by the Ontário Municipal

Board, and eight months of research

and consideration by a Government

Committee.

The Metropolitan Area comprises

approximately 153,000 acres, with a

population of 1,429,000 according to

the most recent tabulation. It is 24

miles across in an east-west direction

with a north-south depth of close to

12 miles.

Services for which the new Corpor-

ation became responsible were: water

supply, sewage disposal, housing,

education, arterial highways, metro-

politan parles, certain welfare services,

transportation, finance, assessment,

administration of justice, and over-all

planning.

Immediately prior to incorporation,

many of the member municipalities,

shown in Table I, were inadequately

served with sanitary drainage and
sewage treatment facilities.

Area Municipaliiy

Township of East York . .

Township of Etobicoke . .

Village of Forest Hill

Town of Leaside
Village of Long Branch . .

Town of Mimico
Town of New Toronto . . .

Township of North York

.

Township of Scarborough
Village of Swansea
City of Toronto
Town of Weston
Township of York

(See Fig. I)

The City of Toronto System for

the most part was the combined type

with sewage being treated at the

North Toronto and the Main Sewage
Treatment Plants. The former plant,

which also accommodated the Town
of Leaside and the Village of Forest

Hill in addition to small áreas from
the Township of North York, was
treating an amount of sewage well

above its designed capacity, but was
still producing a reasonably good
effluent. The latter plant was treating

practically 90% of the sanitary flow

originating within the City's boun-

daries and was providing primary

treatment with approximately 50%
of the suspended solids being re-

moved.

The Pharmacy Sewage Treatment

Plant was accepting the sanitary flow

from the western portion of the Town-
ship of Scarborough, providing ap-

proximately 50% removal of the sus-

pended solids. This particular unit,

although recently enlarged, was
rapidly becoming overloaded. A large

number of septic tanks for individual

properties were in use.

The Township of East York was
operating two plants, namely, Tod-

morden and Danforth Park, each of

Population
Acreage 1961 1958

3,747 64,616 68,319
27,312 53,779 121,720

739 15,305 19,936
1,126 16,233 16,409
750 8,727 11,026
500 11,342 14,401

659 11,194 11,912
44,588 85,897 200,185
45,012 56,292 168,281

682 8,072 8,972
22,287 675,754 658,420

622 8,677 9,485

5,050 101,582 119,966

which was severely overloaded, pro-

viding only 55% removal of the sus-

pended solids.

The Township of North York had
six small sewage treatment plants,

each of them providing 87 to 94%
removal of solids; nevertheless, ac-

commodating only 50% of the popu-

lation and a very small area in re-

lation to the Township's acreage.

They were rapidly becoming over-

loaded due to development in their

tributary áreas. A seventh plant (Don
Mills) was under construction by a

development company with the ap-

proval of the Township. Small sections

of the Township of North York were
served by connections to the sanitary

systems of the Townships of East York

and York, the City of Toronto, and

the Town of Weston, which were

providing sewage treatment accommo-
dation through agreements. An ex-

tensive portion of the population in

the Township of North York was
served by septic tanks which were
proving to be unsatisfactory in many
cases, due to soil conditions.

The Weston Sewage Treatment

Plant had been enlarged to accommo-
date the Town of Weston and por-

tions of the Townships of Etobicoke

and North York. Although it was pro-

viding moderately good treatment at

the time, it was obvious that the rapid

development in the áreas of North

York and Etobicoke would soon create

serious overloading.

The Rockcliffe Plant served a con-

centrated population in the Township

of York but, due to its limited size,

was providing only 40% removal of

the suspended solids.

Swansea Village Treatment Plant

was accepting more sewage than it

could accommodate, with the result

that only 48% of the solids were being

recovered.

Table I
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SanitaiA' sewage froni the southein

portioii ot" Etobicoke Township was
liandlecl at the leccntly constructed

Etobicoke Sewage Treatment Pkint,

situated on Miniico Creek near tlie

lake fiont. This area was only pai-

tiall>' de\eloped, and the pkmt was
proNkling efficient treatment. How-
ever, developnient in the tiibutary

area was proceeding at a very rapid

rate, and there was every indication

that extended facilities would have to

be provided. Sniall áreas of the Town-
ship drained to the Mimico and Long
Branch S\ stems under agreement.

New Toronto and Mimico were ac-

commodated by the Union Sewage
Treatment Plant situated in the Town
of Mimico. Due to the iniet flow con-

taining extensive amounts of industrial

waste, this plant had been severely

taxed for a number of years.

The Long Branch Treatment Plant

served the Village of Long Branch,

a small section of the Township of

Etobicoke, and limited áreas in

Toronto Township, and was accepting

sewage beyond its capacity with un-

satisfactory results.

Evidence indicated that each Area

Municipality had endeavoured to as-

sist its neighbour in acquiring sani-

tary drainage accommodation for its

residents, but the existing sewage

plants and trunk sewers-deemed es-

capacity required if ali citizens were

to be provided with accommodation.

In addition, many of the sanitary

trunk sewers in the Area Municipali-

ties were of insuffícient size to per-

mit drainage from one Municipality

into its neighbour system to any ex-

tent. There had been no adoption of

a co-ordinated master plan for sewage

plants and trunk sewers deemed es-

sential for the development of a satis-

factory Metropolitan sewerage system.

The numerous overloaded sewage
treatment plants which discharged

their respective effluents to the vari-

ous rivers located throughout the

Metropolitan area, or directly through

outfall sewers to the lake, were caus-

ing rather severe pollution in Lake
Ontário, from which the water supply

for most of our residents was derived.

The foregoing will serve to iUus-

trate the situation with regard to sani-

tary sewerage facilities which existed

when the Metropolitan Council first

convened in early 1954 for the pur-

pose of providing the thirteen .Area

Municipalities with essential ser\'ices.

Capital Works Program adopted

to provide adequate sanitar>'

drainage for the Metropolitan Area

A capital works program designed

to pro\"ide the Metropolitan Area with

Fig L Plan showing Metropolitan liniíts, Area Municipalities' limits, and location of existing sewage treatment plants.

SEWAGE PLANTS LEGEND
1 Baker Downs; 2 R.C.A.F.; 3 Givendolen; 4 Glendale; 5 Arinoiír Heights; 6 Jane- Metropolitan Toronto Boundary .

Wilson; 7 Weston; 8 Delratj; 9 Don Mills; 10 Rockcliff; 11 North Toronto; 12 Sewage Treatment Plant

Todmorden; 13 Danforth; 14 Pharmacy; 15 Swansea; 16 Main P.S.; 17 Union; Municipality Boundary 9
18 Etobicoke; 19 Main; 20 Long Branch.

scALE m Hitn

I \ W o I t 9«UI
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Table 11
Daily Capacity

Planl being provided

Highland Creek (new plant) 4,000,000 gals. per day*
Main Plant (Ashbndge's Bay)

(Enlargement and Improvement) 120,000,000 gals. per day
Humber (new plant) 50,000,000 gals. per day*
Long Branch (new plant) To be deoided
Glendale (Extension) 3,000,000 gals. per day
Weston (Extension) 6,700,000 gals. per day

*Provision made for extensive enlargements when required.

(See Figs. 1 and 2 for location of the plants and associated sewers.)

adequate sewage treatment plants

and sanitary trunk sewers to convey

the sewage to them, was adopted

by Metropolitan Council in its first

year of operation — it being planned

to conform with the recommenda-
tions made in a report, dated January

30, 1954, prepared by Messrs. Gore
and Storrie, Consultants, outlining

sewage disposal requirements neces-

sary to adequately service ali thirteen

member municipalities.

In general, the scheme embraces
major treatment plants at the mouths
of the larger rivers in the Metropoli-

tan area, with sanitary trunk sewer
systems extending northerly from each

plant for collection purposes. Exten-

sions and improvements to certain

existing plants are also included. The
estimated cost of the over-all pro-

gram, including plants and sewers,

is $90 million.

The major plants under construc-

tion—planned in ali cases to remove
90 to 95% of the suspended solids

and biochemical oxygen demand —
and their initial capacities, are set

out in Table II.

The pollution control program
being carried out by Metropolitan

Toronto is comparable to any in-

stituted to date on this continent. One
of the more important facets of this

work is the establishment of a new
treatment plant at the mouth of the

Humber River and its associated trunk

sewer development, to which this

paper is devoted.

In developing the Capital Sewerage
Works Program for the Metropolitan
Corporation in 1954, the consulting

engineers found that conditions in the

Don and Humber Rivers were totally

unsatisfactory. The bacterial counts in

the lower portions of the rivers were
exceedingly high, and there were ex-

cessive quantities of suspended solids

and oxygen demand. Obviously, the

pollutional load had been increasing

rapidly with the post-war expansion.

To limit the bacterial count in these
streams to the maximum recom-
mended by the Ontário Department
of Health, i.e. an mpn" count of 2400
per 100 millilitres, elimination of ali

normal disposal of sewage effluents

was imperative.

Accordingly, this situation dictated

that any plant constructed at the
mouth of the Humber River must
serve a complete trunk sewer system
extending northerly therefrom to the
northern Metropolitan boundary, with
ali existing inadequate plants within
the watershed being eliminated.

The consultants, to estimate the de-

•most probable number

gree of treatment required at the nev\'

plants, carried out extensive research

on the various water intakes along the

shore of the lake and on the lake cur-

rents. Results of the study decreed

that any plant built within the Metro-

politan boundaries must be based on

supplying complete treatment.

Engineering Appointment

With some of the general principies

established respecting the Humber
Drainage System and the type of

plant to be provided, Metropolitan

Council appointed James F. MacLaren
Associates in April 1954 "To supply

ali engineering services incidental to

the development of the project to

accommodate and treat the sanitary

drainage from the entire Humber
River watershed within the geographic

limits of the Metropolitan Area as

designated by the Corporation." In

carrying out its commission, this firm

decided to consult with the firm of

Alvord, Burdick and Howson of Chi-

cago, Illinois.

The initial authorization defined

the general limits of the tributary

area, but detailed analyses of the

existing sewerage systems and their

planned development within the vari-

ous municipalities concemed were to

be conducted to ascertain the actual

limits to be served eventually.

Functional sketches with approxi-

mate estimates of cost were to be
made for review and endorsement at

the outset of the engineering assign-

ment.

Population in Tributary Area

The watershed of the Humber
River and its tributaries within the

limits of Metropolitan Toronto em-
braces an area of 34,200 acres repre-

senting six municipalities, namely the

western part of the Township of

North York, practically ali of the

Township of York, the Town of

Weston, the Village of Swansea, a

major portion of the Township of

Etobicoke, and a large percentage of

Wards 6 and 7 in the western section

of the City of Toronto. Early studies

of the áreas tributary to the proposed

treatment plant indicated that they

were somewhat more extensive than

the watershed proper, due mainly to

the existing sewerage systems in the

various included municipalities, which

at certain points had been extended

beyond the watershed's limits.

In the case of the Township of

Etobicoke, it became obvious that the

existing trunk sewer discharging sew-

age for treatment to the Etobicoke

Plant would have to be diverted to

discharge its flow to the new Humber
Plant, and that at such time it would
be desirable to similarly divert the

sanitary waste from the Towns of

New Toronto and Mimico. It also ap-

peared realistic to provide for sewage

flows from a very limited area of the

watershed beyond the northern limits

of the Metropolitan Corporation, to

ensure that no future sewage treat-

ment plants would be established on

the Humber River or its tributaries

within, say, one half-mile of the

Metropolitan limits.

From these studies, it became evi-

dent that the ultimate area contribut-

ing sewage to the Humber Plant

would be dose to 50,000 acres, or

about one-third of the land area

within Metro. The ultimate resident

population to be accommodated by
the Plant would approximate 800,000.

Fig. 2 indicates the tinbutary area

and the main interceptor sewers that

were planned in the initial report to

convey sewage to the proposed plant.

Review of existing land use in the

tributary area and the zoning plans

for the undeveloped districts indi-

cated that nearly 45% of the district

\\'ould be utilized for residential de-

velopment, 2% for commercial pur-

suits, 20% for industrial purposes, 17%

for roads and 16% for parks, schools

and utiHty rights-of-way. Ultimate

density of the residential area was
calculated to be 39 persons per acre,

as against a future density in the

whole area of 16.3 persons per acre.

Analysis of actual development in

the tributary area indicated at that
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time (19Õ lliat it luid a population

of 304,000, or 3S't n( tlie cstiinated

ultimate, witli tho grcatest concentra-

tion hcintí in the two waids of the

Cit\', pre\i()usl\' montioncd, and in

tlu' rownship of York, which ac-

t-muitoil for two-thirds of the existing

tril)utary population.

Densities in the Townships of Eto-

bicoke and North York were less than

tliree pcrsons per acre, indicating that

practicalK' ali future growth could be

expected within their limits.

Data assembled on expected growth

in the tributary area indicated a con-

ser\ative population increase of 15,-

000 a year; accordingly, it was as-

sunied its final population would be

attained by the year 1990. In the four

years which have elapsed since this

study was made, the population in-

crease within the area confirms the

initial assumption.

Design Flow and Strength of Sewage

Two methods were employed to de-

termine the anticipated tributary flow,

initially and ultimately, from the area

to be served. On one basis, actual

unit flows of sewage on an acreage

basis were computed from water con-

sumption figures according to residen-

tial, commercial and industrial uses.

Such figures were then applied to

existing and ultimate land use áreas to

determine the estimated flow.

As a confirmation, the sewage flow

each hour of the 24 hour day over

a one week period was gauged at

existing sewage plants and in main
trunk sewers. The flows determined

from such gaugings were then com-
pared with the results obtained by
applying the aforementioned unit area

flows to the development applicable in

the area tributary to the gauging
point. It was found that satisfactory

co-relation existed between the two
methods and, accordingly, the existing

and ultimate flow conditions were
established, provision being made in

the latter figure for some future in-

crease due to an expected increase

in the per capita consumption of

water.

Gaugings in 1954 indicated that an

average flow of some 28 to 29 million

gallons a day (or 96 gallons per day
per capita) was originating from the

planned tributary area. The b.o.d. of

the sewage was calculated from the

sampling data to be 530 parts per

million, the suspended solids 310 parts

per million, and the grease content

190 parts per million. These figures

represented exceptionally strong sew-

age, which could be generally traced

to the large flow from the tributary

district of the City of Toronto. The
flow from this district was found to

be 12.5 m.g.d., of which 9 m.g.d. was
derived from packing houses situated

in the vicinity of Keele Street and

St. Clair Avenue. The strength of the

sewage for the whole area would have

been approximately one-half that in-

dicated if packing houses were dis-

charging wastes of the strength found

in domestic sewage.

In view of the existing and esti-

mated population of the area, its cal-

culated rate of growth and its present

sewage flow and strength, it was de-

termined that a plant initially capable

of treating a daily average flow of

50 million gallons of raw sewage, from

a population of 475,000 persons, be

constructed, capable of treating sew-

age with an average b.o.d. of 260
p.p.m., a suspended solids content of

210 p.p.m., and a grease content of

75 p.p.m. Since the initial design

population would be in existence by
1973, the layout was made in such

fashion as to permit for enlargement

to 100 million gallons capacity, de-

riving from the ultimate pre-deter-

mined population of 800,000.

Site Selection and Development

The location proposed for the

Humber Sewage Treatment Plant was
originally recommended in the Capi-

tal Works Program prepared by
Gore and Storrie in 1954. It incor-

porated the existing Humber Valley

Golf Course to the west of the Hum-
ber River and north of Queen Street

Extension, in the district known as

"Humber Bay."

Accepting the consultants' recom-

mendation, Metropolitan Toronto pur-

chased the Humber Valley Golf

Course in 1955 comprising 89 acres,

of which approximately 26 were

located in the flats known as "The
Marsh" alongside the Humber River.

This site made it possible for sewage

originating throughout the watershed

to be discharged to the proposed

plant by gravity sewers. Furthermore,

it permitted discharge of any treated

effluent from the site to the lake at

a maximum distance from existing

waterworks intakes.

A housing development bordered

the acquired property on the south-

west extremity, and Stonegate Road
— a residential street with modern
and expensive homes — constituted

the northerly boundary. A large

apartment development, recently es-

tablished, was situated a short dis-

tance to the north.

Because the Golf Course site had
originally been utilized as a source

of clay for a brickyard operation, the

contours of the ground varied radi-

cally in steep slopes from elevation

250 to 310. Two main ridges ex-

tended from west to east across the

property, with slopes towards the

river on the easterly boundary.

An extensive marsh adjacent to the

river was a source of imsightly reeds,

due to the apparent high organic

nature of its contents. Normally, the

marsh area is moderately dry when
the river levei is within its normal
limits of elevation 244 to 248 but,

on occasion, its levei has been raised

to approximately 260, as was the case

during Hurricane Hazel. Instability of

sub-soil in this region denied the use

of 26 acres of the property for actual

plant installations.

Initially, a provisional lay-out using

a north-south axis, immediately west

of the marsh area, was considered.

However, it was abandoned in favour

of an east-west lay-out paralleling the

Queensway. The final proposal re-

quired expropriation of a further 26

acres located to the south-west of the

original propert\', on which scattered

residential development existed.

In planning the new lay-out, maxi-

mum separation of the plant from

the developed áreas was to be

secured by construction of a high

ridge (elevation 310) on the west and

north sides of the site, which could

be built with the large quantit>' of

earth involved in the plant excavation

work. It was further proposed that

the main grade elevation throughout

the site be established at 270, and

that the greater portion of the hy-

draulic stmctures be set down at 260.

Establishment of the base grade for

the site and the topography of the

propertv indicated a total excavation

of 1,000,000 cubic yards, of which

approximately 300,000 cubic \ ards

would be derived from the excavation

for structru-es after the completion of

rough giading. This quantity was de-

posited in the ridge and on the marsh.

Howe\ er, due to the instability of the

latter, it could onh* be safely filled

to an ele\ ation of 260 and then only

for half its width.

In order that the Corporation might

proceed with construction in the loca-

tion finalh' selected, an amendment to

the official plan for the area was re-

quested, since the Golf Co\n-se

property was officialh" designated as

Giccn Belt. This amendment under-

standably was declined, in view of

the objections raised hy neighbouring

home owners to the construction of

the plant. Accordingly, the Metropoli-

tan Council appealed to the Ontário
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SCALE In MILES
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LEGEND
Sewers installed before Metro or by others hut now owned by Metro
Sewers completed or under construction by Melro
Sewers to be constructed by Metro
Metropolitan Toronto Boundary
Drainage Area Boundary
Existing Plants to be abandoned
Permanent Plants

Fig 2. Plan showing ultimate develop'

ment of sewage works programme.

Municipal Board for the desired

amendment. Subsequently, the Board
held a full hearing on the subject,

carefully investigating each objection

presented by the ratepayers and
other affected Bodies.

Finally on June 22, 1955, the

Ontário Municipal Board approved of

the zoning amendment, thus permit-

ting construction to proceed. In grant-

ing its approval, however, the Board
placed certain limitations on the

Metropolitan Corporation in the use

of the site for the stated purpose and
on the structures to be erected

thereon. Basically, some of these

limitations had already been sug-

gested by the Metropolitan Corpora-

tion in its functional plans. The sig-

nificant sections of the directive re-

quired that the Corporation utilize ali

the area of the property outside of the

plant fixtures for development of

landscaped park lands; and that a

screen be made of tree planting

around the plant periphery; and, in-

sofar as practicable, the digestion

tanks be located below ground levei

with sludge and other wastes being

processed and handled in enclosed

buildings.

The objections raised to the estab-

lishment of the plant on the Humber
Golf Club site required a full review

of ali other practicable locations for

the plant's establishment. At the time

of the Board hearing, five alternative

proposals were investigated in detail.

However, it was concluded that of

ali the sites studied, the one at the

mouth of the Humber River was the

most feasible. This fact was based

mainly on economy, for it was found

that to construct the ultimate plant

in any other area would entail at least

two million dollars more expenditure.

Tributary Trunk Sewers

Before outlining plant faciUties in

detail, it may be helpful to review

briefly the trunk system required to

convey sewage to the plant. Referring

to Fig. 2; sewage wiU be received

from two main sources and one sec-

ondary souice. The Humber River

Sanitary Trunk Sewer — the largest

of these — will extend northerly from
the sewage plant along the west bank
of the Humber River through the

Township of Etobicoke and the Kings-

way District some 19,000 ft. to the

junction point of the Humber River

and Black Creek.

This major sewer is at present imder
construction, the lower 3,000 ft. being

under soft ground tunnel conditions

requiring up to 15 pounds of air to

control ground water, with the major

section located in rock at an average

depth of 70 ft. below surface levei.
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The tunnel varies from 9-ft. dia-

meter at the lower end to S-ft. 6-

in. iii tlu> rock portion, and it lias

an o\er-all capacit)' of 400 cu. ft. per

sec. An eniergcnc\' o\erflow to tlie

Hunibcr Ri\ cr to pre\ent surcliarging

iluring times of extreme flood in the

ri\er will be built at tlie lower end.

Because complaints could be antiei-

pated through construction of the

sewer in the residential áreas, no

shafts were permitted in the rock tun-

nel contract; ali entrances to the work
being dri\en in adit from the bank
of the river immcdiately above water

levei. Alternative tender prices were
sought for carrying out construction

w ith and without the use of explosives.

The non-explosive alternative en-

\ isaged use of rock boring equipment
which had been satisfactorily em-
plo\ ed on the Oahe Dam in Missouri.

When bids were received it was evi-

dent that the non-explosive alterna-

tive could be employed at substan-

tially the same cost as would be re-

quired for normal blasting methods
and, accordingly, this alternative was
selected. Progress on the tunnel is

now being made, using a Robbins

rock boring machine for excavation at

a net rate of 25 ft. per 24 hours,

although some difficulty was experi-

enced at the start in getting the

mechanical equipment tuned up.

Specifications call for a 12-in. un-

reinforced concrete wall with pressure

grout to a minimum pressure of 80
p.s.i. being placed after the wall con-

crete has set.

At the junction of Black Creek and
the Humber River two sanitary sewers

extend further north; one, the Black

Creek Sanitary, extends northerly

along the line of Black Creek, inter-

cepting flow from the York Township
combined sewerage system up to a

maximum of 2V2 times the average dry

weather flow and accepting packing

house wastes, which are to be diverted

from the City of Toronto sewerage

system. (When this sewer is available,

Rockcliffe Plant will be converted to

provide storm water treatment to

flows received from the York Town-
ship sewerage system during excessive

runoff periods.) From Rockcliffe

Plant, the sewer continues northerly

in 60-in. to 48-in. diameter size to the

Metropolitan limits, accepting flows

along its length from various munici-

pal systems including the diversion of

flows now tributary to existing sew-

age treatment plants scheduled to be
abandoned. This work is currently

being expedited with completion

planned for 1960.

The other sewer, known as the

Etobicoke Sanitary Trunk, continues

northerly from the previously men-
tioned junction point along the Hum-
ber River, accepting flows from muni-

cipal systems as it progresses up river

to the Weston Sewage Treatment

Plant (to be abandoned), at which
point ali tributary flows will be con-

nected to the trunk. This sewer is

at present being extended in sections

up to the northern boundary of the

Metropolitan Area. Coincidently with

this work, the Townships of Etobicoke

and North York are improving their

sewerage systems to make the neces-

sary connections thereto on a per-

manent basis.

The second main feature of the

tributary system to the Humber Sew-
age Treatment Plant is known as the

Queensway Sanitary Sewer, which ex-

tends westerly from the plant along

the Queensway to Park Lawn Road
and across Mimico Creek. It will in-

terceiDt flows now tributary to the

Etobicoke Sewage Plant and the

Mimico-New Toronto Union Sewage
Treatment Plant. Diversion of flows

from these plants will permit the

abandonment of the latter plant and
utilization of the more recent Etobi-

coke Plant for a dewatering facility

to serve the new Humber installation.

The Queensway Trunk Sewer, estab-

lished at a diameter of 66-inches, will

be constructed in mixed face con-

ditions through its lower section, alter-

ing to complete rock tunnel as it pro-

gresses upstream, with the sections to

the west of Mimico Creek to be con-

structed in open cut. Work on this

project is well under way.

A secondary, but third measure, in

the diversion of flows for treatment

at the Humber Plant calls for replace-

ment of the obsolete Swansea Plant

with a new pumping station capable

of pumping maximum anticipated

flows through a steel forcemain across

the Humber River on the Queensway
bridge to the new plant site.

The foregoing trunk sewers and in-

tercepting devices represent the re-

sponsibility of the Municipality of

Metropolitan Toronto. Sewers neces-

sary to connect to this system are the

responsibility of the individual munici-

palities concerned and, as previously

noted, are being carried out in con-

junction with the Metropolitan Cor-

poration's program, so that a fully

unified development can be in satis-

factory operation by mid-1960.

Soil Investigations

Preliminary soil in\'estigations on

the Humber Golf Course indicated the

overburden to be grey silty clay w ith

90 to 95% by weight passing a

No. 200 mesh. Unconfined compres-

sive tests indicated the bearing value

was as low as 1000 Ib. per sq. ft. and
as high as 3,500 p.s.f., with the

weaker soils oecurring at depth. It

appeared that such material would be
extremely difficult to compact when
wet, its moisture content varying from
12.6 to 25.6%, while its hquid limits

varied from 21.0 to 38.3 and its plastic

limits from 16.1 to 20.1%. No ground-

water problems at leveis above the

lake surface were re^'ealed.

The soil, being extremely variable

in bearing capacit\\ was not attracti\ e

for support of the proposed structures,

which despite low imposed unit load-

ing would, nevertheless, be extensive.

Fortunately, the underside of most

proposed structures would extend be-

low elevation 250, and liminated shale

was encovmtered throughout the site

at a depth varying from elevation 256
in the west to 238 in the east. It

therefore appeared feasible to estab-

lish ali major foundations on the shale

rock which, although shattered espe-

cially in its top strata, \\-as found to

be adequate for the maximum im-

posed loading of 3.500 Ib. per sq. ft.

Conditions encountered in the

marsh area were entirely contrar>- to

those prevailing on the remainder of

the site and are of some interest. Fifty

to eighty ft. of organic silt with little

measurable resistance rested on a

shale bottom. Obviously this material

was inadequate to support the heavy

structures, and it was questionable if

it would support placement of fill.

Since the marsh area was desirable as

an excavation disposal zone to reduce

off-site handling, extensive laboratory

investigations were carried out to

ascertain how far consolidation

would occur if fill was placed in

the area. It was feared that stability

might be overcome sufficiently to

cause the silt to shift and destroy the

hydraulic capacit>- of the river. How-
e\'er, on re\ iew of ali information, it

was determined the area could be

filled to a depth of 15 ft. over

half its width with a settlement of

3 ft. resulting, being 90% complete

after a period of 6 months. Careful

filling during construction permitted

this procedure to be followed, and no

noticeable settlement occurred after

the first sLx months.

Plant Features

As previously mentioned. complete

treatment of the sewage tributary to

tlie Humber Plant was niandatory for

proper protection of waterworks in-

takes located w itliin tw o to tln-ee miles
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of the plant outfall, and to protect

adjacent beaches. This demanded
90% reduction of b.o.d. and sus-

pended solids in the ravv sewage and,

during the siimmer months at least,

post chlorination. Primary settHng fol-

lovved by secondary treatment based

on the activated skidge process ap-

peared to be the logical process to

adopt in order to protect the receiv-

ing body to the extent required.

Operating results and experiences

obtained from original plants at Mil-

vvaukee, Chicago and IndianapoHs

since 1925, together with experimen-

tation and the development of the

modem Chicago, New York, Cleve-

land, Philadelphia, Gary, and Colum-

bus plants, were reviewed before

making the final decision. Recent ad-

vances in design and improved opera-

tion methods have given added im-

portance to the usefulness and flexi-

bility of the activated sludge process.

The options in sludge re-aeration,

such as step aeration and biosorption,

have further increased its attractive-

ness.

The final process procedure

adopted for the plant comprises the

following features:

—

1. Trash Racks and Bar Screens;

2. Grit Chambers;
3. Pre-aeration Tanks;

4. Primary Settling Tanks with

Grease Collecting Facilties;

5. Conventional Aeration Tanks

designed to provide for Sludge

Re-aeration and Step Aeration

Facilities;

6. Final Settling Tanks;

7. Chlorination Facilities;

8. An Outfall Sewer to the Lake

at depth;

9. Sludge Pumping Facilities to

Digestion Tanks;

10. Sludge Digestion Facilities and

Gas Storage Units;

11. Vacuum Filtration of Digested

Sludge.

Centralized control will be achieved

through incorporation of inlet struc-

tures, grit chambers, blower plant

and administration offices in one

building.

Having described in general form

the pollutional control program, and
especially the Humber project, the

remainder of this paper will be

devoted to detailed description of the

various plant units.

Mechanícal Screening

and Inlet Facilities

The Head House contains the plant

inlet facilities, including shut-off gates,

screens and grit removal devices.

Here the incoming sewage enters four

separate but equal conduits, each con-

trolled by a 7 ft. by 5 ft. sluice gate

operated by an oil hydraulic system,

in order that ali flow can be shut off

in the event of power failure or flood

conditions in the Humber River.

Beyond these gates, the conduits

become open channels, each approxi-

mately 11 ft. deep and 5 to 8 ft.

wide, in which the screening devices

will operate.

Each channel is equipped with a

trash rack and coarse screen, similar

to the New York practice. The use

of trash racks with 15° slopes, each

unit having mechanícal cleaners dis-

charging to tipping buckets, was con-

sidered expedient to protect the

screens from damage due to floating

debris. Bar spacing was set at 3 in.

Similarly, the bar screens were es-

tablished with a 1 in. clear spacing,

which was deemed sufficient to stop

the passage of injurious material to

pumps and other equipment further

on in the plant process. The screens

were set at an angle of 30° off

the vertical to control the fall-back

of material caught on the rakes. Rak-

ing mechanisms operate electrically,

being actuated by either a time clock

or a high water float control. AU
screenings enter tipping buckets.

With the foregoing spacings and

maximum velocities through the

screens limited to 2.5 ft. per sec, an

average of 4 cu. ft. of screenings per

million gal. should be recovered.

The possibility of grinding the

screenings and returning them to the

sewage flow was set aside in favour

of daily disposal by a covered con-

tainer capable of easy mounting on a

truck.

Grit Removal

It is a well-founded concept that

the heavy mineral matter carried in

sewage, such as gravei, sand, cinders,

ashes, coal and heavy organic matter,

must be removed from the sewage

flow as soon as possible to avert

severe abrasive wear on internai plant

pumps and equipment. It can also

seriously affect the organic strength

of the primary and biological sludges.

At the outset, 70% of the flow to

this plant will derive from combined

sewer áreas where grit generally

reaches the sewers in substantially

greater quantities than from separate

sewer arcas. In addition, many miles

of newly commissioned sewers, carry-

ing sewage with an abnormally high

grit content, will convey flow to the

plant. For these reasons, facilities

have been designed on the assump-

tion that a grit content equivalent to

normal combined sewage will be ex-

perienced in the initial years, although

it is recognized that quantities should

diminish as the new sewers become
completely flushed and separation of

some of the combined systems occurs.

Determination of the extent to

which heavy material should be re-

moved from the sewage is one of the

main problems in grit chamber design.

Also, present day practice dictates

that grit be washed prior to disposal

to reduce the putrescible content be-

low 3% for odour control. Previous

experience has been to collect 80% or

more of the grit in sewage (i.e. that

portion greater in size than 0.20 to

0.25 mm.) at maximum flow rates,

thus effectively reducing abrasive

problems in subsequent machinery

while limiting organics in the grit to

a reasonable levei.

Three standard designs were con-

sidered for application to the Humber
problem — (1) the straight-line rec-

tangular tank with bucket type collec-

tor, (2) the aerated grit chamber, and

(3) the square clarifier type. On re-

view of the anticipated operating con-

ditions which would prevail, two

square clarifier type grit chambers

were selected. These were located

within the head house for odour con-

trol, and with classifiers to remove grit

were substantially free of organic

matter. Grit will be accumulated in

tipping buckets and discharged daily

to trucks for transportation to fill

áreas.

Pre-Aeratíon

Pre-treatment of sewage through

the use of diffused air type pre-aera-

tion tanks has become, in recent

years, an increasingly attractive addi-

tion to many plants.

In the case of the "Humber", its

inclusion was considered justified on

the basis of (1) the control of odours,

especially during warm weather and

low flows; (2) the aid offered in the

flotation of grease for subsequent re-

moval in the primary settling tanks

since grease is anticipated as a prob-

lem; (3) the protection of efficiency

of the biological processes and the

plant generally from shock industrial

waste loads; and (4) a further safe-

guard against grit carry-over to

mechanical equipment.

It was felt that retention time on

pre-treatment should be set at not

less than 60 minutes. In addition, it

was deemed wise to utilize standard

spiral flow type aeration tanks ^^'ith

diffused air equipment. To maintain a

spiral flow velocity in the tank of

approxmiately 2 ft. per sec, aii- dif-
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tiisiou at a iniiiimum rate of 3 c.f.m.

jHT linoal tt. o{ tank was necessary.

Primary Sedinientation

Priinan" sedinientation in modein
acti\ated slndge plants is standard

practice as a multiple pnrpose unit

designed niainh' to rednce and regii-

late sewage strengtli and concentrate

solids for disposal. The present day
inechanically cleaned settling tank,

however, is available in a number of

shapes and sizes, each with its par-

ticnlar advantage.

The use of a circular setthng tank

(or square, which represents only a

modification of the former) utihzing

a horizontal rotating rake with

ploughs inoving sludge in the direc-

tion of rotation toward the base of the

tank for removal, was given due con-

sideration but was set aside in favour

of a rectangular design. For this two
alternative mechanisms were studied:

(1) the bridge type with extended

bottom scrapers and surface skimmer,

and (2) the straight line drag type

chain collector. The latter was se-

lected finally, designed with surface

return for scum and grease collection

at dip troughs, primary sludge being

concentrated for removal at the inlet

ends. The inlets have been baffled to

confine short circuiting, and a weii-

length established sufficient to con-

fine overflow rates to prevent forma-

tion of strong outlet currents and sub-

sequent inefficiency. To accommodate
sufficient trough length within the

tanks, ali troughs were arranged par-

allel to the flow at the effluent end.

Cross-collectors at the influent end
of each tank will concentrate sludge

from each pair of tanks to a central

point where it enters the suction side

of piping connected to pumps located

in the two primary sludge pumping
stations. Each station is equipped with

two 50 g.p.m. positive displacement

sludge pumps, with vari-drive for dis-

charging sludge at a continuous rate

to the digestion tanks and one 300
g.p.m. plunger pump for handling

sludge on an intermittent basis and
for tank drainage. The stations also

have grease separation vats for stor-

age of scum discharged from the sur-

face of each pair of tanks. The con-

tents of these vats will be heated

from time to time to permit separa-

tion of the grease from liquid matter,

and the former will be conveyed by
Moyno pumps to containers or directly

to trucks for disposal. Normally,
sludge based on a concentration of

67o will be removed at the rate of

83,000 gallons per 24 hours, while it

is anticipated that scum will be re-

covered at the rate of 20,000 Ib. per

day.

Aeration

The activated sludge process was
first discovered by Ardem and Lockett

at the University of Manchester in

England, some forty-six years ago.

Although the first North American
plant of this type was built at San

Marcos, Texas, in 1916, the large

scale plants at Indianapolis, Milwau-

kee and Chicago were not put into

operation until the end of the twen-

ties, when the process became more
widely accepted as a means for the

complete treatment of sewage. Since

that time several process variations

have been developed, but the original

unmodified installations have proved

to be among the most efficient and
economical operating today.

Basically, the activated sludge pro-

cess is a contact operation in which

the formation of biologically active

flocs or slimes of living organisms is

promoted under aerobic conditions,

for the purpose of transferring to the

floc putrescible (principally finely

divided and dissolved) substances.

These substances are partially stabil-

ized by biological activity, some of

the soluble and stable end products

being returned to the plant flow,

while excess biological flocs and their

stored impurities are more or less

continuously unloaded as waste acti-

vated sludge. Determination of the

aeration tank volume and the weight

of sludge that must be returned to it,

along with the required amount of

air to support the action if the de-

sired purification is to be effected on

the daily applied load, represents a

major problem in design.

Correlation of ali factors at the

Humber indicated that the secondary

treatment section should be designed

on a conservative activated sludge

basis, but with complete facilities in-

corporated for step aeration or some
form of sludge re-aeration. It was,

however, decided to make hydraulic

provision for carrying flows 50%
in excess of the anticipated design

maximum. By so doing, if it is found

that sludge re-aeration methods can

produce adequate removais at consid-

erable saving of aeration tank volume,

the tank capacity will not have to be

increased substantially in the future

enlargement. In view of the extensive

research currently being carried out

on activated sludge, it was considered

unwise to design a plant of this capa-

city without permitting the ultimate

in flexibility.

Spiral flow diffused air procedures

versus high rate mechanical aeration

was given serious thought, and the

former method was selected. In cal-

culations, a sludge loading of 0.30 Ib.

of b.o.d. per Ib. of mixed liquor sus-

pended solids was used, with the latter

to be maintained at a mean of 1700
p.p.m. Three pass tanks for the inlet

of settled sewage at the beginning of

each pass, with return sludge to be
admitted at the beginning of the first

pass, were selected as optimum for the

Humber condition.

Air supply was based on providing

a maximum of 1000 cu. ft. of air per
pound of b.o.d. to be removed with

an additional 33% in standby. Coarse

bubble diffusers were favoured, due
to their flexibility in handling air

quantities over a 4 to 1 range while

maintaining a practicable head loss

condition. Their adaptabilit>' to higher

than anticipated sewage strengths and
to sludge re-aeration procedures also

played a part in their selection. Spac-

ing at 14-in. centres along the tank

wall, with 16 units being carried on
one 4-in. diameter header, was
deemed adequate.

Effluent spray systems are affixed

to ali tanks to give a surface spray

at the rate of one-third gal. per

linear ft. of tank to control foaming
that has become prevalent of late in

many cities.

Ali air supply piping is galvanized

Steel located on wye walls between
the tanks, while connections to the

4-in. diameter diffuser headers are

made through valved down pipes

located at 18 ft. centres.

An aeration control gallery located

wholK' below gi-ound le\el was es-

tablished to house ali piping and con-

trols. Settled sewage to each tank is

metered through 36-in. and 20-in.

\enturi tubes with flow to each of

the three outlets to a tank being con-

trolled through 36 in. butterfl\- valves,

the proportion to each outlet being

gauged by the resulting solids con-

centration within the tank contents at

each location. as measured by a 30
minute settling test. Air is metered

through \'enturi inserts to the wall

headers, while retimi sludge is dis-

charged through rate controllers in

equal proportions to each tank.

Final Sedimentation

and Return Sludge

The prime development in the de-

sign of final settling tanks, in recent

\ears, has been the recognition that

density currents and their effects must

be carefully assessed. The initial

theory of sedinientation bears no re-

lation in importance to the problem

of densit\ currents, insofar as the
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design of Sewage final settling tanks

is concerned. The work of Anderson

at Chicago and subsequent work of

Gould at New York have brought

these problems to the fore.

As a result of their investigations,

tank depths must be selected most
meticulously, despite the apparent

adequacy of present surface loading

rates; and there must be a limiting

ratio between flow length or distance

from the inlet to the upturn of the

density current and the tank depth,

in order to confine density current

velocities. The use of offset weirs, as

practised at the Humber, should fur-

ther relieve the problem of density

currents.

In addition, recent experience in-

dicates that for proper final tank

operation, quick removal of the re-

turn sludge must be achieved to main-

tain it as fresh as possible. Its reten-

tion time should not be more than

40 minutes within the tank, and it

should be as concentrated as feasible

at withdrawal, to confine the hydrau-
lic requirements of sludge return.

Present limitations of surface load-

ings at 900 gal. per sq. ft. per day
on final tanks, replacing older criteria

of 2 to IVz hours' detention, are there-

fore only established to obtain suf-

ficiently quiescent conditions in the

final tank flow to permit activated

sludge to settle out as rapidly as

practicable—generally within 30 to 40
minutes.

Final tank shapes and sludge col-

lecting mechanisms are identical to

those offered for the primary settling

tanks, with the exception of an ad-

ditional induced suction type of unit

usually applicable to circular or square

tanks. Preference for the latter was
established in view of the ready
means available for dealíng with over-

flow rates and density current prob-

lems.

Although the rate for moving re-

turn sludge is actually determined by
the solids concentration to be carried

in the aeration tank liquor and the

settling characteristics of the return

sludge, it is often set with liberal

limits as a percentage of the design

rate of sewage flow.

Accordingly, the return sludge

pumping station has five vertical type

direct connected mixed flow elec-

trically driven pumping units, each
rated for 10.25 m.g.d. against a total

head from ali causes of 13 ft. Three
of these units are normally used for

the return of activated sludge to the

aeration tanks, providing a ratio of

10 to 70% of the average design flow
in return sludge capacity. The ad-

ditional two units are employed for

aeration or final tank drainage; for

the wasting of excess activated sludge

to the primary settling tanks; and as

auxiliaries for return sludge service.

A 3.6 m.g.d. and a 1.5 m.g.d. vertical

type centrifugal pump are included

in this station to pump screened

effluent at a total head of 160 ft.

for the aeration tank sprays, the

flushing water system and the chlorine

solution lines.

Ali sludge is returned to the inlet

of the first pass of each aeration tank,

equalized delivery to each tank being

maintained through a rate controller

system, pneumatically operated.

Chlorination

Disinfection of sewage plant efflu-

ents by chlorination is an important

factor in the protection of municipal

water supplies and bathing beaches.

Even in the case where complete
treatment is provided, the stabilized

effluent always has substantial bac-

terial counts, some of which could be
the pathogenic type. Post chlorina-

tion is essential to ensure maximum
safety.

Use of chlorine in some of the

individual operations within the plant

process is also desirable. When re-

quired, control of odours and im-

provement in the removal of grease

and the settling of solids may be
achieved by addition of the chemical

to the incoming sewage (prechlorina-

tion). Slime growths in the effluent

flushing system can be minimized by
small daily dosages of the disinfec-

tion, especially during warm weather.

It also may be necessary on occasion

to chlorinate the supernatant liquor

from the digestion tanks, if the solids

concentration reaches abnormal leveis.

Control of bulking on an emergency
basis by the addition of chlorine to

the return sludge is not uncommon.
Dosage rates vary for the different

applications. Pre-chloi-ínation, post-

chlorination and return sludge control,

representing the highest sewage flovvs,

demand the larger quantities of chlo-

rine with dosages varying from 1 to 12

p.p.m. Supernatant liquor can be con-

sidered minor flow requiring 25 to

300 p.p.m., with slime control calling

for a moderate range of 2 to 10 p.p.m.

Four 8000 Ib. per 24 hour,

manually controlled, mechanical solu-

tion feed, vacuum type chlorinators

are to be installed initially, one as-

signed to each of the three points of

high chlorine demand with the fourth

as an auxiliary. A 2000-lb. per 24
hours capacity machine is provided

for supernatant liquor aixl effluent

flushing application. Ali units draw

chlorine from one ton contamers set

on weigh scales through electric

heater type evaporators. (It was

found impracticable to arrange tank

car delivery of chlorine.) Each chlori-

nator is equipped with a flow re-

corder designed for a 20 to 1 range.

Automatic proportioning of chlorine is

not required, due to the continuous

variation in organic content of the

receiving flow.

Precautionary alarms to detect

chlorine leaks and a special ventilat-

ing system form part of the safety

equipment.

Air Blowers, Engines, Heating
and Electrical Systems

Air requirements of the activated

sludge process and the pre-aeration

systems, previously described, dic-

tated an average supply of 40,000

c.f.m. for the initial design flow and
60,000 c.f.m. for maximum flow,

with 33% of maximum capacity being

provided in standby.

Accordingly, four 20,000 c.f.m.

units, operating at 8 p.s.i., will be in-

stalled initially, Nevertheless selection

of the type of blower to be used, i.e.

centrifugal or rotary, did require con-

síderable research. Both are used

widely on this contínent for sewage
treatment service, the latter not being

available in sizes larger than 20,000

c.f.m. at the indicated pressure. The
latter were selected finally to match

the speed of the engine drivers, the

selection of which will be discussed

later. Special snubbers have been em-
ployed on the blower units to obtain

a low noise levei.

Filtration of the air supply to the

degree normally required for some
types of diffusers was not incorporated

in the sewage tanks, in view of the

selection of coarse bubble diffusers.

Air cleaning, therefore, has been re-

stricted to the use of single stage

automatic self-cleaning type filters,

employing an overlapping panei cur-

tain rotating through an adhesive

bath.

Methane gas generated in the

sludge digestion tanks has served as

a fuel for heating boilers in sewage
treatment plants for about 30 years,

and to some degree it has been util-

ized for development of motive power.

But its use for pov\'er purposes can

only be justified on the basis that

production costs are lower than those

quoted by the electrical utility. Thus,

an economic analysis of the Humber
project was made, comparing cost of

power obtained through gas or dual
fuel diesel engines against purchased
power. Such analysis took account of

ali building and equipment costs as
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ui'll as opeiating costs. It was fotiiul

tliat tlie groatcst cconoin>' could be
acliioNod hy diixiiig the laige air

blowors with dual gas cngiiies, usiiig

gas gtMierated within tlie plant.

Ratos and standards of service qiiot-

ed by the local gas utility indicated

that the use of natural gas (1000
Bfu rating) as an auxiliary to the

shidge gas (600 Btii) on a gas cycle

engine would be cheaper than iitiliz-

ing oil as standb\' to sludge gas on

a dual fuel diesel engine. AccordingK',

the blowers are to be dríven by 1000
h.p. dual gas engines, operating at

the blower rating speed of 333 r.p.m.

The conibined assembly will be

moinited on a vibration isolating

spring niounting system to control

noise and vibration within reasonable

limits.

Heat recovery devices on the en-

gine cooling and exhaust systems are

the priniary heating element for the

digestion tanks and plant buildings.

Heat for the digestion tanks is pro-

vided from the engine cooling sys-

tem through a hot water system

operating between 140 and 160°F.

The lovv pressure steam heating system

for the building derives heat from

exhaust gas recovery units, with stand-

by steam boilers being provided to

supply either the building system

directly or the digestion system

through steam to hot water conver-

ters.

The blower room, heating plant,

workshop and eontrol room are loca-

ted in the main building along with

the Head House and the administra-

tion section.

Ventilation of the main building

is planned to ensure that no gases

or odours reach dangerous or obnoxi-

ous proportions, all foul air being

directed to the air blower suctions

on a controlled basis and discharged

through the diffuser system in the

aeration tanks for odour control.

The plant electrical supply is ob-

tained from an adjacent 27.6 kw.-

feeder of the Etobicoke Hydro Elec-

tric Commission, and is transformed

through the plant's main substation

to 2300 volts. From this point, buried

2300 volt cables in duplicata are laid

to transformer stations in the main
building and return sludge pump-
ing station, with feeders emanating
from these points to eight 575 volt

motor control centres (provided with

lighting transformers and 120/208
volt low voltage systems), located

about the plant. A floodlighting sys-

tem is included to facilitate 24-hour
operation, and all structures and gal-

leries are equipped with emergency

lighting systems using nickel cad-

mium batteries. Electrical equipment

within the digestion control galleries

is explosion proof.

Plant Hydraulics and Metering

Satisfactory flow through plant ele-

ments requires a difference in eleva-

tion between the levei of the incoming

sewage and Lake Ontário—the re-

ceiving waters for the effluent—to

provide for various hydraulic losses.

These head losses will vary with the

rate of flow, and the efficient opera-

tion of the plant relies in large mea-

sure on the skill with which the losses

have been assessed. In general, the

hydraulic analysis of the Humber
plant was based on the following

considerations: assuming the high-

est controlled levei of Lake On-
tário (Seaway); providing for maxi-

mum flow with one of each type

of unit out of service; allowing for

free discharge over all weirs under

such conditions; anticipating the later

duplication of the plant; and ensuring

average velocities of at least 2 ft. per

sec. in all structures preceding the

aeration tanks and at least 1 ft. per

sec. in all succeeding structures.

Kutter's formula was used to deter-

mine losses anticipated in the open

channels, while Hazen and Williams'

work was employed to compute losses

in the conduits. Standardized coeffic-

ients related to velocity heads were

required to establish losses due to

turbulence, obstructions, openings,

and changes in hydraulic area. Loss

of energy caused by flow momenta at

juncture points was not overlooked.

Final review of all hydraulic de-

terminations and assumptions indi-

cated that 13.5 ft. should be left be-

tween the maximum water levei in the

inlet sewer and top water levei in

the final settling tanks.

Adequate meter equipment plays

an important role in any large sew-

age plant—indeed, its absence can

make operation extremeh" inefficient.

The cost normally is less than '27c

of the project.

A location for the metering of the

raw sewage has been selected be-

tween the grit removal and pre-aera-

tion facilities where a concrete venturi

tube, square in cross-section, is being

cast in the connecting conduit, its

throat reducing to a square of 42 in.

from an inlet size of 84 in. square.

The throat will be bronze lined and
differential will be measured by a

mercury well type electric ti'ans-

mitter. Settled sewage entering each

of the five aeration tanks passes

through 36 in. by 20 in. venturi tubes,

which record flow with the aid of

pneumatic transmitters of the nozzle-

bellows, forced balanced type. Re-

turn sludge to each tank is metered

through a 20-in. venturi tube having

a 16 in. butterfly valve installed in

the throat, the flow into No. 1 tank

being manually set and pacing to

an equal proportion the flow to all

other tanks. Air to each aeration tank

is metered through venturi insert

nozzles, and both return sludge and
air primary devices are provided with

mercury operated pneumatic trans-

mitters.

A venturi tube with a mercury well

operated pneumatic ti-ansmitter ac-

counts for the volume of waste-acti-

vated sludge handled, and all primary

and digested sludge is measured by
calibration of the reciprocatlng pumps
and recording their period of opera-

tion on a time chart.

All meters are equipped with \'isual

diais and transmitters, which relay

data to totalizing and recording charts

on the central control panei being

established in the Main Building.

Statistics on digestion tank tempera-

ture, gas pressure and engine opera-

tion are also accommodated on this

panei.

Outlet Sewer

Outlet sewers for plant effluent

should terminate well below the sur-

face of the receiving waters, in order

to disperse the fluid as rapidly and
uniformly as possible. The\- must be

located with careful regard to prevail-

ing currents and proximity to water

works intakes and bathing beaches.

Multiple outlet risers along the line

of the submerged outlet can be an

important factor in ensuring that the

effluent does not reach criticai lake

áreas in concentrated form.

The outlet pipe for this installation

will be placed in Humber Bay, im-

mediately west of the mouth of the

Humber River. This location has

been adopted after careful stvidy of

both surface and depth currents. soil

borings and sounding information —
all niade through the use of floating

equipment. The shore section of the

10 ft. diameter outlet has alread\" been

constructed in concrete lined rock

tunnel from the plant site, some 900

ft. southerly to the Lake shore. The
10-ft. diameter marine section will

be under w a\' shortK". extending 2200

ft. into the lake and terminating in

fifteen 4-ft. diameter outlet ports at

a depth of 23 ft. below normal lake

levei.

Soil inxestigations indicated that

rock le\el dropped sharplv- from ele-

\ation 230 at the shore to 153 at a

point 600 ft. out in tíie lake. At
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1400 ft. from the shore it commenced
to rise again, reaching an elevation

of 200 at the 2200 ft. mark. For

the intermediate area, the overburden

was composed of silty sand varying

from extremely weak to well com-

pacted material on an irregular pat-

tern. Because of this condition, it was
decided to fabricate the pipe of weld-

ed Steel in 60 ft. lengths with special

flexible marine joints, and lay it in

a specially constructed sand bedding

with a minimum cover of 5 ft. Such

construction will not increase the load-

ing on the supporting soil, and the

flexible pipe will provide for any

slight settlement or variation in the

bedding. Alternative tenders, how-
ever, may be requested, using rein-

forced concrete pipe with subaque-

ous joints delivered in 16 or 32 ft.

lengths.

An emergency 6 ft. diameter bypass

into the Humber River permits the

submerged outlet to be dewatered at

any time for cleaning or inspection.

An 84-in. diameter sewer has been
constructed around the entire plant

connecting to the outlet sewer, thus

permitting diversion of excessive

flows directly to the lake in emer-

gencies.

The length and area of the outlet

sewer will give 15 minutes contact

time for post chlorination of the efflu-

ent, even at maximum flow.

Sludge Digestion and Disposal

The disposal of the solids removed
as sludge from the primary and final

settling tanks represents a separate

and difficult part of the project. Be-

ing highly putrescible, this sludge

could be a serious nuisance unless

its disposal is satisfactorily accom-
plished. It must be rendered unob-

jectionable and disposed of rapidly to

prevent excessive accumulation; such

methods as may be employed preserv-

ing economy to the highest degree.

Any treatment to the sludge that

excluded digestion could not be prac-

tised on the Humber site without the

creation of unfavourable odours. Such
odours would result in severe criti-

cism from residents in nearby devel-

oped áreas. In addition, the reduc-

tion of solids by 40% and the

consequent decrease in the volume
of sludge to be handled by later

disposal methods, plus the value rea-

lized in utilization of sludge gas for

power and heating purposes, made
digestion in this instance almost

mandatory. Through digestion above
ali else, sludge can be made suffici-

ently innocuous to be safely dis-

tributed in some form for soil reha-

bilitation.

Estimated sewage strengths pre-

dicted that at initial design 96,600

Ib. of sludge on a dry basis would
have to be pumped to the digestion

tanks daily or, at 4.5% solids con-

centration, 215,000 gal. If solids load-

ings on the digestion tanks were to be
restricted to 2.15 Ib. (dry basis) per

cu. ft. of digestion tank per month,
then approximately 1,400,000 cu.ft.

of volume was required.

To meet this requirement, six tanks

are now under construction, each

110 ft. in diameter with 25 ft. side

water depth. It is reasonable to as-

sume that within 40 days sludge will

be reduced in volatile content suf-

ficiently to reduce the daily weight

of solids for disposal to 61,000 Ib.

dry basis, and that this reduction

will produce gas at the rate of 581,-

000 cu. ft. per day, representing heat-

ing value of 14,100,000 B.t.u. per

houi*.

The tank structures have been ar-

ranged for two-stage digestion, with

the four Primary ones being in a con-

tinuous state of rapid digestion while

the two Secondary units will per-

mit separation of the sludge under

quiescent conditions. Three of the

Primaries are equipped with mech-
anical sludge mixers, the fourth hav-

ing a gas recirculation system. With
this arrangement, sufficient experi-

mentation will be possible to deter-

mine if high rate digestion is feasible,

in which case the initial tanks will

be capable of considerable overload

when planning future extensions. Ali

primary tanks are designed with fixed

covers, while the secondary tanks are

fitted with gravity gas holders that

will pennit storage of 200,000 cu. ft.

of gas at 7 in. pressure.

The tanks are arranged three

abreast with a central control gallery.

Raw sludge will enter the Primaries

through spiral type hot water heat

exchanges located in the gallery, and
the tank contents will be continually

circulated to maintain temperatures

between 90 and 95° F. The introduc-

tion of raw sludge to the piimaries

automatically spills sludge from these

tanks to the secondary units, from

which supernatant liquor overflows

to the plant inlet for treatment and
from which digested sludge is

pumped. Gas generated in each tank

is metered and discharged either to

the engines or the gas holders, de-

pending on the pressure obtaining in

the system. Automatic controls, pres-

sure and vacuum relief valves safe-

guard the system against explosion.

Digested sludge withdrawn from

the secondaries will be pumped with

heavy duty plunger pumps through

an 8 in. forcemain some 4000 ft.

westerly to the existing Etobicoke

Sewage Plant, which is to be con-

verted to a dewatering facility as

part of the Humber project.

The existing digestion tanks here

will be utilized for storage of di-

gested sludge passing through the

forcemain mentioned previously, and
the existing open tanks will be used

for elutriation and sludge concentra-

tion purposes. Sludge from the elu-

triation tanks will be pumped to new
vacuum filters for dewatering to 67%
moisture content. The filters will re-

ceive sludge at the rate of 4.4 Ib.

(dry basis) per sq. ft. per hour, with

application of 3% by weight of ferric

chloride for coagulating purposes.

Filter cake will be stored in hoppers

for daily disposal by trucks to farm

lands within a seven mile range. In-

cineration or heat drying facilities

may be necessary on this site at a

later date.

Calculations indicate that the dis-

posal of digested sludge by elutria-

tion, filtration, and truck haulage to

farms would cost approximately

$10.25 per ton (dry basis) including

capital and operating charges.

Structural Features

The plant hydraulic structures are

reinforced concrete, with design

based on standard A.C.I. and Na-
tional Building Code regulations.

Anchors have been used to resist up-

lift from the relatively high ground

water. These are formed of % in. dia-

meter double legged deformed bars,

extending 5 ft. into drilled holes in the

rock that were slushed full of neat

cement grout after setting of the

Steel. These units were designed to

resist a pull of 10 tons, but tests on

the finished product have indicated

that a pull of 30 tons can be made
without failure.

Despite the length of the open

tanks, no expansion joints were pro-

\aded, partly because of the rock an-

chorage cost and risk of major leakage.

As an alternative, temperature steel

was increased to 0.57c of the net con-

crete area: corners, together with con-

struction joints, were specialh' rein-

forced, on the assumption that tem-

perature cracks would distribute with

even spacing and few would support

leakage of measurable amount. This

procedure had been followed in some
American plants with success.

Leakage tests on the new tanks at

the Humber and the crack pattem
that has developed ha\e proved the

(Continued on page 73)
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THE
BEAUHARNOIS NO. 3

DEVELOPMENT

Y. De Guise, M.E.I.C., Assistant Chief Engineer

Regional Operation Division

Clement Forest, M.E.I.C., Assistant Chief Engineer

Power Development Division

Çuebec Hydro-Electric Commission, Montreal, Que.

This paper deals with No. 3 Section of the Beauhamois Development, a project

originated in 1929 and now nearing completion with construction of this third and
final phase. A property of the Quebec Hydro-Electric Commission and situated

some 30 miles west of Montreal, the completed Beauhamois Development will be
one of the main sources of power supply for Canada's metropolis.

This submission on Beauhamois No. 3 includes its general features, hydraulic
characteristics, evaluation of benefits to be derived from its generating units. gen-

eral design considerations, equipment characteristics, construction procedure and
methods.

ONE SHOULD not merely picture

cl huge powerhouse when con-

siclering the Beauhamois Develop-

ment. Rather, the project embraces
a tremendous development extending

over 16 miles of terrítory, an enter-

prise involving the control of the St.

Lawrence River which, for the first

time in history, was dammed over

completely for eventual total diver-

sion into a man-made canal.

The Beauhamois Development util-

izes the water power available on the

St. Lawrence between Lake St.

Francis and Lake St. Louis. Three
series of rapids cause a drop in levei

of 82 ft. over a distance of 15 miles.

Sínce the minimum flow of the St.

Lawrence at Beauhamois will be
maintained above 210,000 c.f.s. dur-

ing high-load periods on the system,

the primary potential power available

will be over 1,600,000 continuous

horsepower.

River flow is controlled at the out-

let of Lake St. Francis by four dams
extending across the St. Lawrence
between three islands—(Fig. 1).

Water is directed into the 15-mile

canal excavated on the south shore,

and returned to Lake St. Louis fol-

lowing an 80-ft. drop through the

powerhouse.

Incidentally, the St. Lawrence
River control works and remediai

dams were described in detail by the

Iate M. V. Sauer, M.E.LC, in an ex-

cellent paper published in The En-
gineering Journal of December 1943.

The first two sections of the Beau-

hamois Powerhouse comprise 26
main units of approximately equal

capacity (53-56,000 h.p.) and two
auxiliary 8,000 h.p. units, providing

a total of 1,425,000 h.p. Addition of

the third section—Beauhamois No. 3

—will increase the installed capacity

to 2,161,000 h.p. with the ten units

being installed or to 2,235,000 h.p.

if a contemplated additional unit be

added. The total length of the power-

house is 2,843 ft.

The average daily production will

be over 34,000,000 kwh. by 1961.

This production can be appreciated

better by comparison with its energy

equivalent: a daily train load of coal

comprising more than 300 cars of 50-

ton capacity apiece!

Hydraulic Characteristics

Construction of the St. Lawrence
Seaway and development of power
in the International Rapids Section

of the St. Lawrence have brought to

the fore the opportunity of regular-

izing available flow. The problem,

however, has proven to be very com-
plex because of the multiplicity of

conflicting interests. Two countries,

the United States and Canada, are

involved, with two different Prov-

inces of our country, Quebec and

Ontário. As a result, some degree of

compromise was necessary to satisfy

navigation interests, riparian rights

and power requirements. Numerous
criteria were suggested to protect ali

interests as much as possible. and a

tentative regulation plan was pro-

posed. This plan would bring the

minimiuTí outflow from Lake Ontário,

the source of the St. LawTence, to

190.000 c.f.s. in open water periods,

and would limit the maximum dis-

charge to 310,000 c.f.s.

Production of power at Beauhar-

nois is governed not only hy flow

available in the river but also by the

possibility of admitting into the 15

mile intake canal—under adverse ice

conditions—the quantity of water re-

quired by hydraulic turbines. It is

known quite generally that such dif-

ficulties have been experienced niain-

1\- because the total capacit>- of units

installed increased more rapidh' than

did the enlargement of cross-sectional

áreas of the canal— (Fig. 3.) As a

consequence, resulting water velocity

has been higher than desirable for

the formation of a smooth ice cover.

Moreover. it happens frequently that

frazil or shell ice accuniulates in the
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cooling system of units before ice has

Consolidated on the surface. This has

temporarily impaired normal output.

Considerable piogress has been

made in recent years in eliminating

a substantial percentage of the re-

duction of power accompanying

freeze-up conditions. Such results

have been obtained mainly through:

(a) , the use of ice booms installed

at various strategic locations in the

canal to prevent movement of ice

sheet in áreas adjacent to highei-

velocity currents, the booms placed

to facilitate formation of an initial

ice cover.

(b) . the installation of emergency
sources of frazil-free water supply

—

either in the sluiceway adjacent to

the plant or in the excavated area for

Beauharnois No. 3 powerhouse.

Experience obtained from the lat-

ter expedient has contributed valu-

able information for the design of the

cooling-water supply system for the

third section of the powerhouse.

Evaluation of Benefits to Be Derived
from Units of Beauharnois No. 3 Power-
house

Beauharnois No. 1 and No. 2

powerhouses experienced serious lim-

itations in power output for several

years during ice-forming periods. Ac-

cordingly, genuine apprehension was

felt about benefits to be derived from

investment involved in the third sec-

tion of the plant. Contributing also

to this anxiety was the fact that the

reduction in output generally coin-

cided with peak-load periods on the

system.

Based on latest information on the

probable regulation plan to be
adopted for Lake Ontário, a careful

analysis was made of energy to be

derived from each additional unit of

Beauharnois No. 3. Borne in mind
were:

(a) . Limitations in flow that can

be admitted into the canal during

the winter season.

(b) . Loss of power produced at

the Cedars plant—dependent upon
the same control works for its water

supply—when diversion of flow into

the Beauharnois canal does not leave

at least 64,000 c.f.s. in the river.

The 95 years of recorded flows of

the St. Lawrence were divided into

nine 10-year periods, the last five

being ignored for statistical purposes

and the proposed regulation plan ap-

plied through that period.

The average yearly flows in each

10-year period were tabulated in

order of magnitude and listed, res-

pectively, as flow available 10%, 20%,

30% and up to 100% of the time.

The nine averages were then used

as the basis of an overall average

yearly flow figure—again for 10%, 20%,

30% and up to 100% of the time.

The monthly distribution of flow,

corresponding to the theoretical aver-

age yearly flows calculated above,

was obtained by comparison with a

year of similar flow average under

the proposed regulation plan.

Table I gives the monthly flows

used for assessing benefits to be ex-

pected during a given percentage of

time.

Table II figures have been derived

from the flows given in Table I.

They show additional energy to be

expected from the ten units of Beau-

harnois No. 3, bearing in mind the

limitations previously mentioned.

It is very interesting to note that,

considering flows available five years

out of ten, the energy production at

Cedars during the December 15-

March 31 period—after Beauharnois

No. 3 is in operation—will still be

57% of what it would have been
without Beauharnois No. 3. More^

over, with Beauharnois No. 3 power-

house in operation, Cedars plant

winter production is 84% of its aver-

age annual production.

The next very important question

was the quantity of firm power to

be obtained from Beauharnois No. 3.

There has been and still is some doubt

Fig 1. Beauharnois Development

LAKt
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Tablc I

AU Flows in Thousands of c.f.s.

%of
Time Ocl. Nov. Dec. Jan. Feh. Mar. Apr. May June July Aug. Sept. Ave.

10 271 258 256 240 218 256 275 283 290 300 304 303 282 274
20 265 249 242 232 216 246 256 270 278 285 290 293 282 264
30 258 241 240 228 216 240 248 259 271 278 282 284 261 256
40 252 236 238 226 216 236 242 252 265 272 275 276 258 251
50 247 234 236 226 216 233 238 247 259 265 267 270 257 247
60 242 231 234 226 216 231 234 242 253 259 260 262 256 243
70 237 229 234 226 216 228 229 237 244 252 252 254 248 238
80 232 227 232 226 216 225 226 232 234 244 244 246 241 233
90 225 224 226 226 216 220 220 223 224 235 235 234 230 226
100 211 221 222 222 214 215 212 205 212 230 231 228 215 218

about the munbcr of units that can
be utilized during the ice-forming

period. Opinions vaiy from two to

four. However, it is quite generally

adniitted that, after consolidation of

an ice co\er on tlie canal, the mini-

mum guaianteed wiiiter fiow through
the probahle reguhition plan (210,-

000 c.f.s.) could be utilized. This in-

volves the first thiee units of this

third section.

It niust be borne in mind also that

a good pioDortion of the energy to

be a\ailable from Beauharnois No. 3
\vill be used to firni up the produc-

tion of sister plants. Such plants in-

clude the nearly-completed Bersimis

development, some 400 miles north-

east of Montreal, and the proposed
Carillon plant, on the Ottawa River,

about fift\- miles west of the metro-
polis. The ratio of average produc-
tion to installed capacity at these

three plants, as indicated in Table
III, is less than Hydro-Quebec's an-

nual load factor. In other words,
these three stations cannot contract

for power—at the usual load factor

—

to the extent of their installed capa-

city, unless energy is supplied from
another source to counteract the lack

of water available.

Other considerations contributed

to the decision to install 10 units in

Beauharnois No. 3 and provide space
for an llth:

(a) . A majority of the 14 units in

Beauharnois No. 1 has been more
than 20 years in operation, four of

them being 27 years old. Moreover,
owing to their physical dimensions,

the runners were cast in four sections

bolted together and they have re-

quired more maintenance than con-

ventional one-piece runners. It is

usual to take a turbine out for major
overhaul every eight to ten years,

wíth an outage period of over three

months. Applying the same assump-
tion to turbines of Beauharnois No.
2 and Beauharnois No. 3, it is e.\-

pected that — with their combined
total of 36 units—four could be taken

out of operation every year.

(b) . Since it would not be econo-

mical to transmit reactive power from
the Bersimis plants, any additional

units at Beauharnois—for which no

winter flow was available — could

provide a substantial and flexible

source of reactive power which would
be economically preferable to instal-

lation of static capacitors in the

Montreal area.

General Design Considerations

General agreement was reached

on the following limitations in design:

(a) . Avoidance of any radical

change in architecture or superstiiic-

ture construction unless a substantial

saving-in the order of $1,000,000-
would result.

(b) . Allowable increase in spacing

of units of not more than 10% as

compared to existing installation—and
no allowance for reduction—on ac-

count of required bulkhead stability.

(c) . Maintenance of iiresent eleva-

tion for roof, bulkhead, generator floor

and crane rails.

(d) . Permission for a change of

plus or minus 4 ft. in turbine floor

elevation to accommodate larger

scroll cases associated with more
powerful turbines.

(e) . Retention of alignment of

walls.

(f) . Since the bulkhead and intake

for the first four units had been built

already with the powerhouse of Beau-

harnois No. 2 to provide a tie in the

upstream earth dyke, it was agreed

not to eliminate the possibilit\- of a

different design for the remaining

units if the savíngs resulting there-

from could justify the added incon-

veniences. However, it was concluded

that ali ten units should be similar.

The major difference in the design

of the powerhouse of Beauharnois

No. 3 and the powerhouse of Beau-

harnois No. 2 lies in the t\pe of tur-

bine and the capacity and speed of

units. Beauharnois No. 3 has propel-

ler turbines of greater capacit>' and
higher speed than the Francis-t\"pe

turbines in Beauharnois No. 2. Con-
sequenth', di^aft tubes, scroll cases

and generator foundations are quite

different.

Individual hoists for headgates are

provided for sexen units to pennit

emergencN- lowering. Gates had been
installed alread\" for the fii^st four

units and individual hoists were not

pro\ided. Sump and sump pumps
have greater capacity and the method
of de-watering draft tubes is differ-

ent.

EQUIPMENT GHARACTERISTICS

Turbines Comparative cost studies

led to the conclusion that the use of

propeller-type turbines — as opposed

to the Francis-t\pe tiubines in Beau-

harnois No. 1 and Beauharnois No. 2

—would permit a sa\'ing of at least

$3,000,000. These turbines have a

normal rating of 73,700 h.p. under

a 7S-ft. head and rotate at 94.7 rpm.

Their outside diameter is 252 in. and

six blades are bolted to the nmner
hub. The ruirners are of cast steel,

with a la\er of stainless steel o\er

áreas more susceptible to cavitation.

Flow is controlled through 24 wickel

gates. Draft tubes have an H D
ratio of 2.62, about the same as for

Beauharnois No. 1 and Beauharnois

No. 2 plants. The low point of the

draft tube floor is at Elevation 24.5.

compared to Elevation 34 for units

of the first two plants.

Governors Similar to the governors

in the Beauharnois No. 2 powerhouse,

they are of size adequate to supply

sufficient oil to servomotors. It is pos-

sible to operate the turbine gates

through a complete closing or open-

ing stroke in a minimuni of four

Table II

Annual Energy from Annual Energy from
% of Time Beauharnois I and II, Beauharnois I, II Annual net gain

plus Cedars and III, plus Cedars
10 10,4.54 X 10« kwh 13,227 X 10"^ kwh 2,773 X 10« kwh
20 10,441 12,948 2,507
30 10,423 12,664 2,241
40 10,401 12,478 2,077
50 10,383 12,282 1,909
60 10,3.59 12,105 1,746
70 10,.323 11,867 1,544
80 10,265 11,625 1,360
90 10,116 11,294 1,178
100 9,942 10,927 985

Average: 1,832 X 10" kwh
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seconds, with minimum oil pressure

of 270 Ib. per sq. in. in the tanks

and an operating head of 83 ft. The
governor head is capable of causing

the relay valve to pass oil in the di-

rection to effect a corrective move-
ment of the turbine gates—in conse-

quence of a speed variation of 5/100
of 1%.

Servomotors are provided with ad-

justable by-pass connections whereby
the rate of closure may be retarded

during the portion of gate travei,

from shghtly below speed-no-load po-

sition to fuUy closed position.

Generators Of vertical shaft, vvater-

cooled type, the generators have
direct connected main and pilot ex-

citers. With a continuous rating of

65,000 kva at any power factor from

85% to 100% and rated at 13,800 v.,

their temperature rise does not ex-

ceed 60° C in the rotor and stator

windings. They are capable of with-

standing the runaway speed of the

turbine—206 rpm.

The field winding is equipped
with non-continuous damper wind-
ing, which gives a ratio of quadra-

ture to direct axis subtransient re-

actance of not more than 1.5. Short

Circuit ratio is calculated to be 1.11

and exciter response ratio is at least

Table III

Installed Capacity
kw

Average Prcduclion
kw

Bersimi.s 1 900,000
Bersimis II 625,000
Carillon (proposed) 62.5,000

TOTAL 2,150,000

RATIO: \M5m ^
2,150,000

560,000
300,000
285,000

1,145,000

1.0 as defined by ASA standards.

The flywheel effect of the rotating

parts is 78,000,000 Ib. ft. squared and
the thrust bearing will support 1,-

987,000 Ib., representing the weight
of rotating parts and unbalanced hy-

draulic thrust. Each generator is so

constructed that it can be assembled
or dismantled with the use of exist-

ing 200-ton cranes.

Coolers are so designed that, when
operating at rated load, the differ-

ence in temperature between air leav-

ing the coolers and water entering

them will not exceed 10° C.

The multi-turn stator coils are in-

sulated with continuously-taped Class

B material and, by means of a va-

cuum and pressure process, are im-

pregnated with a thermalastic com-
pound.

The star-connected stator winding

has two circuits per phase, distribu-

ted around the stator for split-phase

differential current protection. It is

a double-layer, top-connected, four-

circuit winding with alternate polés

in series and using three turns per

coil.

Transformers, Breakers, Control

Transformers are rated 40,000/65,000

kva - three phase - 60 cycles -

13.8/120 kv - type ONS-ONP - 55°

rise.

The high-voltage winding is star-

connected for grounded neutral sys-

tem and has additional turns to com-
pensate for regulation at 85% power
factor, lagging, full load. Insulation is

graded from 650 kv basic insulation

levei, at the line end, to 110 kv at

neutral. Low-voltage winding is delta-

Fig 2. Aerial view—powerhouses 1, 2 and 3
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connected for operation on the 13.8
kv system.

Fin-type radiators are installed in

groups on both sides of thé trans-

former banks. Axial-flow, air-blast

equipment is mounted on these radia-

tors and automatically controlled by
the temperature of the hottest spot

in the winding.

The tank is of Shell-form-fit con-

struction and designed to withstand
full vacuum. .

Power is taken from these trans-

formers to the switching station near
the tailrace through three-phase 5,000
mva oil-circuit breakers.

Control of units can be effected

locally through duplex switchboards,

each handling two adjacent units, as

well as by supervisory means from
the main Control Room in the Beau-
harnois No. 1 powerhouse.

Electrical Stipply for Plant Aiixil-

iaries Electrical station service pro-

vided for the Beauharnois No. 3

powerhouse consists mainly of:

(a) . Two 1.500 kva-13,'800. 575 v.,

dry-type transformers which can be
fed from two different power sources.

(b) . One 575-v. distribution s\"stem

to supplv main auxiliaries.

(c) . Six 112.5 kva-575 120 208
dry-type distribution transformers for

lighting and convenience outlets.

It might be well to explain the 13,-

800-v. power supply and the 575-

V. switchgear and distribution.

13,800 V. power siipphj. One of

the sources of supply for plant auxil-

iaries is a 13,800-v. station ser\'ice

ring bus. Located in the Beauharnois

No. 1 plant, it has supplied station

service requirements for the Beauhar-

nois No. 1 and Beauharnois No. 2

plants. The second source is a tap

connection installed between t\\o

units, Nos. 23 and 24.

To simplif\- protection and prevent

fault>- operation. it was decided that

the transfer from one source to the

other would be performed manually.

On the basis of previous experience

in the Beauharnois No. 2 power-
house, it is estimated that the units

in the Beauharnois No. 3 plant will

be able to operate from 20 to 30
minutes without station senice
power. That period of time should be

sufficient to permit manual transfer.

This ring bus has pro\-ed a reliable

system. It can be fed from two 7500
k\'a auxiliar\- units or from an\- other

main unit from No. 1 to No. 16 in-

clusive. The present station ser\ice

load is approximateh" 5,000 k\ a and,

with the addition of the Beauharnois

No. 3 powerhouse. it should not ex-

ceed an average of 6,000 k\a, which

is less tlian the capacity of one auxil-

iar\ iniit. An extensive scheme of

protecti\e rela\s was completed re-

centK on the ring bus so that defec-
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tive equipment may be cleared in

minimum time and with the least

interference with plant operation.

Since physical and economic con-

siderations dictated the use of power-

cable connections to supply auxiliary

power in the Beauharnois No. 3 plant,

and because of the possibility of fail-

ure of cables and associated equip-

ment, it was decided that the impor-

tance of such service justified a du-

phcate source of 13,800-v. power.

Incidentally, the tap connection was
installed between units No. 23 and

No. 24 because of space available for

tap-off equipment and because of

existing provision in the isolated

phase bus of these units.

57S-V. Switchgear and Distribution

— An air circuit breaker in the

secondary of each transformer is con-

nected to a main bus, sectionahzed by
a tie breaker. Six main feeders are

connected to this main bus, three on
each side of the tie breaker. Normal-

ly, each transformer will supply one-

half the station service load. Should

a fault occur in one of the tians-

formers or in its 13,800-v. source,

causing a marked decrease in voltage,

the secondary breaker on the faulted

transformer will open automatically.

Following this action, the tie breaker

will close, thus transferring the entire

powerhouse service load to the other

transformer.

A similar throw-over feature is in-

cluded in each of the six distribution

cubicles receiving power from two
1000-amp. bus ducts connected to one
of the three feeders on each side of

the above mentioned tie breaker.

Service Water System

An effort has been made to save

the Beauharnois No. 3 powerhouse
from the difficulties experienced by
its allied units through frazil-ice block-

age of the cooling water supply to

generators and bearings. Success will

mean improving the dependability of

the system under ali climatic con-

ditions.

Essentially, the service water sys-

tem must be planned so that piping,

strainers and pumps are designed to

provide an adequate flow of filtered

water at prescribed pressures. It con-

sists of four main component parts:

(a) . Raw water intakes and head-
er;

(b) . Strainers;

(c) . Filtered water headers;

(d) . Fire protection and high-pres-

sure system.

Raw Water Intakes and Header —
The raw water header is a 16-in. pipe
line, extending the entire length of

the powerhouse. Its main purpose is

to serve as a collector for the raw
water intakes and divert it to strainers

and other feeds.

Unlike previous installations, there

are two different types of raw water

intake. One consists of a standard

12-in. intake with a rough metal grid

strainer and originating in the scroll

case of each unit. Similar to the in-

takes installed in the Beauharnois

No. 2 powerhouse, they have a capa-

city of approximately 7500 gpm at

20 psig and under operating con-

ditions.

The second type consists of a 16-

in. pipe extending along the side and
near the bottom of the main water

intake passage of units No. 31, No.

35 and No. 36. It is estimated that

each of these intakes will have a

capacity of some 10,000 gpm at 20
psig under operating conditions.

This second type of intake was in-

stalled to provide a source of water
free from frazil ice during the winter

months. During that period, cold air

temperatures, winds, and water velo-

city in the power canal and open-
water áreas cause ice particles to be
formed. These particles are carried in

a state of suspension in water, their

density varying from light to slush

ice.

This frazil ice creates two problems
in the water system. First, should the

concentration be appreciable, it will

clog the rough strainer at the intakes.

Secondly, if the ice particles are much
diluted in water, they will enter the

water system and accumulate in the

main water strainers which have a

mesh of 12 x 12 x .022. The result

in both cases is that a serious water

shortage develops, impaiiing the

cooling system.

Location of openings for the auxil-

iary intakes was selected on the basis

of frazil ice soundings and the ab-

sence of icing conditions at the lower

section of the trash racks. Sounding
records indicated a negligible concen-

tration of frazil ice at depths greater

than 27 ft. On the basis of these find-

ings, the above mentioned intakes

were located at Elevation 101.3 —
water surface elevation in the winter

being 148.0 - 149.0 — and as near

the bulkhead as possible.

Strainers — Three banks of strain-

ers have been provided. One bank of

two strainers is located between units

No. 28 and No. 29, another of three

between units No. 30 and No. 31,

and space has been provided for a

future bank of two between units No.

34 and No. 35. Each strainer has a

capacity of 4300 gpm with a water

head loss of 5 ft. Greater volumes

can be obtained with correspondingly

larger head losses and a lower degree

of cleanliness.

Filtered Water Headers — Two
16-in. pipe lines are provided to dis-

tribute the filtered water at approxi-

mately 18 psig from the strainers to

the unit cooling systems, fire pumps
and accessories. Both of these headers

will be interconnected with similar

pipes in the Beauharnois No. 2

powerhouse. One of the headers ex-

tends into the Beauharnois No. 3

powerhouse to the second bank of

strainers located between units No.

30 and No. 31. The other header ex-

tends the entire length of the power-

house. The flow of water through

these headers varies with climatic

conditions, but approximately 13,000

gpm will be used by this powerhouse

on an average summer day. The main
feeds are the unit-cooling systems,

each requiring 1000 gpm for genera-

tor cooling and 100 gpm for bearings.

Fire Protection and High-Pressure

System — These headers are used

mainly for sprinkler feeds to the

units, flushing of strainers, compres-

sor after-coolers, hose connections,

deluge valves for mulsifyre systems on

transformers and breakers, etc. . . .

Total water-cpohng requirements,

exclusive of protection needs, amount
to over 20,000 gal. per min. for the

Beauharnois No. 1 and Beauharnois

No. 2 powerhouses, and to over 10,-

000 gal. per min. for the Beauharnois

No. 3 plant.

Equipment Protection — Depend-
ing on type of fault, the following

operations may take place:

(a) . An alarm or signal will be

given.

(b) . The high-tension circuit

breaker will open, the generator con-

tinuing to operate at speed-no-load.

(c) . A multi-contact relay will

cause high tension and field breaker

to open, with the govemor closing

turbine gates and brakes bringing the

unit to complete rest.

An alarm will ring, causing the

irregularity to be indicated on an an-

nunciator board under the following

circumstances: whenever a ground
develops in the stator winding or in

the field circuit of the exciter or gen-

erator; whenever an abnonnally high

temperature is detected b\' thermal

elements in the windings, bearings

and oil wells.

The high tension breaker will open,

with the generator operating at speed-

no-load, whenever one of the follow-

ing situations arises: an overload on
the transformer accompanied b\- a

voltage drop, an over-voltage on the

unit, a 5% over-speed of the unit or
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Table IV

1—Excavalion Earth in forebay 225,000 cu. yds.

Earth in powerhouse and tailrace 165,000 cu. yds.

Rock in powerhouse and tailrace 1,265,000 cu. j^ds.

2—Dykes (a) New Dykc

Stripping borrow pits 15,000 cu. yds.

Earth excavation 140,000 cu. yds.

Rock excavation 200 cu. yds.

Foundation Preparation
On rock 23,000 sq. yds.

Under clay core 10,000 sq. yds.

On natural ground 8,500 sq. yds.

Rock fill 219,000 cu. yds.

Impervious clay core 117,000 cu. yds.

Transition material 108,000 cu. vds.

Sand filter 13,000 cu. vds.

Gravei 2,000 cu. yds.

Overhaul 150,000 ton-miles

(b) Old Dyke
Removal 1,000,000 cu. yds.

3—Cofferdam 141,000 cu. vds.

i^Concrete 220,000 cu. vds.

Contact forms 1,440,000 sq. ft.

Rock preparation 26,000 sq. yds.
5

—

Reinforcing 8,000 tons

Ç>—Structural Steel 1,200 tons

l—Bricks 1,200,000 units

8~Glazed Tiles 250,000 units

9—Floor Finish 265,000 sq. ft.

10— Units 10—plus space for one additional
11—Head Gates 14—each with its individual hoist (two per unit)

12—Trash Racks 44— (four per unit in two sections each)
13—Draft Tube Gate, perynanent

two sets (four gates) steel. In addition,

three sets of concrete stop logs for

construction purposes.
14—Highway Bridge over Tailrace

five spans of 90 ft. apiece

four lanes

four concrete piers of 45-ft. height

a faiilt tleti't'tt'd In bus (liffortMitial

rela>s.

The nuilti-contact relay will oper-

ate, bringing the unit to lest, when-
ever there is an unbalance in the

-spht-phase circuits of the generator

ov in tlie emrent between generator

and tran.stormer; an overload in the

generator accompanied by a voltage

drop; an over-speed of 125%; high
bearing temperatnre detected by
therniometers; low oil pressure in the

govenior systeni; or fonnation of gas

in tlie transformer tank.

Poucihouse Outgoing Lines —
The output of unit.s No. 1 to No. 22
inchi.si\e—e.xcept for five or six gen-
erators used on local 13.2 and 44 kv
systems—is directed to a switching

station near the Beauharnois No. 1

taih-ace by means of teu 115 kv Hnes,

while the production of units No. 23
to No. 36 inclusive is fed into an-

other switching station near the

Beauharnois No. 3 tailrace by means
of seven 115 kv lines. The two switch-

ing stations are interconnected by
two 115 kv lines of 795,000 C.M.,
Crossing the forebay.

From these two switching stations— of the double bus and transfer bus
type — power is transmitted to the
H\ dro-Quebec system in and around
the Monti"eal area.

We have attempted to outline

problems encountered in realization

of Hydro-Quebec's Beauharnois No.
3 project, and the measures taken to

arrive at what we expect to be the

best Solutions.

Construction aspects of this development

The project was approved in the

summer of 1956, the schedule calling

for four units to be delivering power
by the fali of 1959. Scanning the

amount of work to be done in a short

period of three years, no one can
deny that this was a very tight

Schedule. The general contractor

carne in the field on August 1, 1956.

Table IV will give an idea of the
huge quantities of materiais and
equipment we had to handle.

Construction Services

There is nothing out of the ordinary
about these services. An electrical

substation was built with the neces-

sary distribution facilities . . . fire pro-

tection facilities were ínstalled where
required . . . various buildings were
re-adapted from Beauharnois No. 2
construction for stores, offices and
shops for machinists, carpenters, pipe-

fitters, electricians and other trades-

men . . . quite an elaborate heating
plant and distribution facilities were
made available for winter concreting.

Incidentally, the main pieces of

construction equipment will be men-
tioned as we go along.

Cofferdam

Since the Beauharnois plant is not

being built directly across the St.

Lawrence River, there is no water

diversion problem. Nevertheless, it

was necessary to build a cofferdam

to permit excavation of the tailrace in

the dry. To meet schedule requiíe-

ments, construction of the cofferdam

had to be started in winter. The start-

ing and completion dates were Feb-

ruary 1 and July 2, 1957, respectively.

Located in the practically still

water of Lake St. Louis, this coffer-

dam was built as a rock-fill dam with

a clay blanket and rip-rap. This pro-

cedure proved to be much cheaper

than the regular crib work used for

Beauharnois No. 2.

The quantities involved were:

77,000 cu.yds. of rock from the

powerhouse and tailrace ex-

cavation;

26,000 cu.yds. of gravei from the

disposal of canal dredging;

30,000 cu.yds. of imperxious ma-
terial from the nearby bor-

row pits used for construc-

tion of the main dyke;

9,000 cu. yds. of rip-rap.

A 6-cu.-yd. Marion dragline did

removal work in less than six weeks —
November 10 to December 20. 1958.

It took some two weeks to remo\e
the 25.000.000 gal. of water from

the cofferdam by means of one 18-in.

pump with a capacity of 8,300 gal.

per min. and two 6-in. pumps with

a capacit\- of 2.000 gal. per min. each.

\\'orking only part time, one of these

6-in. pumps kept the excavation dry

thereafter.

Excavation

The Beauharnois Development sits

on Potsdam sandstone, the worst

propertx of which is its abrasix eness.

Our experience during construction of

Beauharnois No. 2. together with

much study, decided us to use the

oldest t\"pe of driUing equipment —
the churn drill — for the main part

of this particular work. The drilling

required nearK' 18 months.

Table \' shows equipment and ro-

sults obtained:

Some 943.000 Ib. of nitrone and

forcite 40^ and 75? were used — the

eqiuxalent of 0.74 Ib. per cu. yd.

of solid rock. Short-period blasting

caps were used, with periods from

zero to 20.

Two 2.cS00 c.f.m. stationary aircom-
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pressors supplied compressed air. One
3/2-cu. yd. diesel shovel and one

5 cu. yd. electric shovel loaded the

blasted rock into 10 dump trucks of

30-ton capacity, with a number of

2 and 2/2 cu. yd. shovels being

used also from time to time.

Disposal was made into Lake St.

Louis for two purposes:

1. To provide the foundation for

a new substation;

2. To increase the break-water re-

quired between the outlet of our tail-

race and the outlet of the Seaway
canal.

Grouting

Since the rock was almost horizon-

tally stratified, the only treatment

given was a little curtain grouting

along the upstream face of the bulk-

head, extending to a depth of 40 ft.

Following excavation, the rock prep-

aration consisted of removing loose

pieces — they were plentiful in some
places — and cleaning. The site was
ready then for concrete to be poured.

Aggregate

No sand suitable for concrete had

Equipment

4 churn drills

2 ,Joy Challenger.

.

4 wagon drills. . .

Size

of bit

9 in.

3^in.
2in. and IMin.

Table V
Drilling Foolage

drilled

belween
sharpeníng

in ft.

per hour

4ft.
15 ft.

2.5 ft.

8 ft.

12 ft.

16 ft.

Footage
drilled

per hil

592 ft.

141 ft.

+ 120 ft.

Total

drilled

46,500 ft.

180,000 ft.

506,000 ft.

The maximum depth of excavation was 80 ft.

been found in the immediate vicinity

during construction of Beauharnois

No. 2 (1949-52) or during erection

of Beauharnois No. 1 (1929-32). We
encountered the same problem and
duplicated the practice of making
sand from the rock excavated at the

same time as the crushed stone.

Contractors for the Seaway were
preparing to build the Beauharnois

Locks at that time. One company was
required to supply ali the contractors

with ali the aggregates needed for

some 600,000 cu. yd. of concrete.

The concrete for our smaller-sized

walls and slabs demanded an aggre-

gate whose maximum size was small-

er than what the Seaway required.

But we reached an agreement with

this contractor whereby we were sup-

plied with the fuU amount of every

size required.

Batching Plant

The aggregates were dumped into

the supplier bin close to the crusher's

stock piles. A conveyor took them

from there to four compartments of

a silo atop our batching plant. Two
of these compartments had a capa-

city of 90 cu. yd. each, while the

otlier two were of 116-cu. yd. capa-

city each. A fifth compartment — of

50Ò-barrel capacity — was used to

handle the cement to the weight

Fig 4. General layout
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batcluT, 011 wliitli oveiy size of ag-

gicgate was weighed also.

Bought in bulk, ceinent was de-

li\eretl h\' tiuck fiom Montreal — a

distance of some 30 miles — and
placed in foiír silos. Two of these

silos could liandie 3,500 bags each

and the other two had a capacity of

4,180 bags each. A special pump
transfened the cement fiom these

silos into the batchíng plaiit.

Our batching plant, incidentally,

was built to accommodate four tilting

mi.vers of two cn. yd. capacity.

For this particular work, however,

only two werc installed, giving us an
average prodnction capacity of 80
cn. \tl. aii honr. This prodnction

conld be increased to 100 cn. yd.

per hour at peak.

Straight Portland ceinent was used,

with an admixtnre to provide good
plasticity and an air-entrained con-

tent of 3% to 5%.

The 28-day strength resistance was
specified at 3,000 p.s.i. and was ob-

tained by using 400 Ib. of cement per

cn. yd. of concrete when 3-ín. aggre-

gates were used. Once mixed, the

concrete was discharged into a 12-

cu. yd. hopper under the mixers.

Placing Concrete

Seven 15-ton autocar trncks,

equípped with special boxes, brought
the concrete from the hopper to the

form work of the powerhouse. The
hauling distance was less than ene
mile and the concrete was dumped
into 3-cu. yd. laydown buckets. 2-cn.

yd. buckets were used when the

reach was too far for the eqnipment.
Placing equipment to handle these

buckets comprised:

One 15-ton truck crane;

One 45-ton truck crane;

One 15-ton stiffleg derrick on rails;

Two twin-boom Gantry cranes of

6-ton capacity each at 100 ft.

radius;

A number of two and 2)2 cu. yd.

cranes.

For the last six scroll cases and
generator piers and slabs, the power-
house structure being built, crane and
derricks from the outsíde are not
practical, so we have gone to f)ump-
crete; but on account of harsh aggre-
gate, to allow the concrete to flow
through the pipe we are obliged to

increase the cement content.

With that we are succeeding, but
we have noticed that the abrasiveness

of the aggregate is causing the pipe
to wear very fast, and even with more
cement we experienced delays due
to plugged pipe, so we are using the

overhead cranes of the powerhouse
—when they are available—to place

the concrete brought inside the

powerhouse from the downstream
bridge through a window.

Ali pours have been what might be

termed small lift. The largest pour

per unit was 1,700 cu. yd. with

1,200 cu. yd. as the second largest

and the remainder under 800 cu.

yd.

Formwork

With small lifts, there is no neces-

sity for very heavy forms. We use

small paneis of 2 ft. 8 in. by 8 ft.,

made of a 2 in. by 6 in. frame and
sheathed by % in. plywood.

The walers were made of two —
2 in. X 8 in. and the steel tie rods

were %-in. The limit of rising speed

was 4 ft. per hour for a temperature

of 55° F. It should be explained here

that we worked ali year round, a cir-

cumstance that called for protection

and heating during periods of freez-

ing weather.

Such non-straight forms as the in-

take and draft tubes were of the dis-

mantling type, the heaviest piece

weighing five tons. Three sets of

forms were built for the seven intakes

and two sets for the 11 draft tubes.

Reinforcing Steel

The 8,000 tons of reinforcing steel

were bought in lengths and sizes

varying from 40 to 65 ft., with dia-

meters ranging from Vi to IV2 in. A
bending machine shaped these

straight bars to requirements. We
used an average of 72 Ib. per cu. >'d.

of concrete.

The Building

As explained earlier in this paper,

Beauharnois No. 3 is the same type

of building as No. 1 and No. 2.

Such a heavy structure as Beau-
harnois No. 3 is needed to support

two 200-ton cranes which handle

rotor and shaft weighing 350 tons.

The usual procedure was followed

for erecting steel and for laying brick

and tile. Part of the brick, inciden-

tally, was laid in winter time.

Powerhouse Handling Equipment

Our studies indicated that three

200-ton overhead cranes, already in

use in the powerhouse, would be suf-

ficient for the 39 units as far as

maintenance was concerned. This was
not realK' enough, however, for the

construction period. Nevertheless, by
scheduling the heavier lifts as ac-

curately as possible, we proceeded

with the work without too many dif-

ficulties and two much delay.

Three 150-ton gantry cranes were
available on the bulkhead and no
additional cranes were reqnired be-

cause seven of the new units were
equipped with individual hoists.

Trash Racks

As indicated on the cross-section,

the Beauharnois powerhouse had no
room for emergency gates or stop-

logs. To meet any eventuality, the

trash racks are designed to be sheeted
— if necessary — to function as stop-

logs. This is the reason they are so

bulky. The opening at the racks is

1.8 times the opening of the gate,

while the spacing of the cross bar is

6% in.

Draft Tube Gates

Beauharnois No. 1 and No. 2 have

the same draft tubes and the same
draft tube gate-openings. Two sets

of steel gates are used when repaii^-

ing turbines in these two sections.

Sizes being different in Beauhar-
nois No. 3, two other sets of draft

tube steel gates were provided. Due
to the Schedule, however, two addi-

tional sets of concrete stop-logs were
precast to permit work on four units

at the same time. A third set was
poured last January, as a result of

which we are working on five units

to have four of them completed dur-

ing the Fali of 1959 and a fifth earlv

inl960.

Trashway

A small trashway — with a 4 ft.

b\' 12 ft. overflow-type gate — had
been provided in Beauharnois No. 1

on the east side of the units and was
operating well.

After construction of Beauharnois

No. 3, it was found that — with a

2,100-ft. bulkhead — trash was not

ali going to the east end. It was
necessary to build a similar trashway

at the west end of Beauharnois No. 3.

Tailrace Bridge

It was necessary to build a bridge

o\er our tailrace as part of No. 3

highwa\' between Montreal and
\'alle\field. A boulevard at present

links the town of Beauharnois with

the suspension bridge spanning our

Beauharnois No. 1 tailrace. A bridge

of similar width — 28 ft. — also

spans our Beauharnois No. 2 tailrace

and spillway channel.

The Seawa\' Authoritx' constructed

a boulevard tunnel to connect with .i

Boulevard on the Melocheville side.

while the Quebec Department of

Roads was contemplating additional

bridges over No. 1 and No. 2 tail-

races. We were asked to build a

four-lane bridge with a minimuni

width of tw-o 22-ft. lanes separated

by a 4-ft. curb. Another requirement

w as a 4^2 ft. sidewalk on the down-

stream side.

The location of this bridge is such

tliat we were not able to make it

straight. A 3° 13' 15" curve was
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used. The piers vvere placed parallel

to the flow on the curve of the road.

The four welded girders per span

were set on the tangent to the curve

at mid span, while the floor beams,

parallel to the piers, were placed on

the girders with their ends on a

straight line for each individual span.

The floor beam overhang off the

girders varies ali along the bridge.

This bridge has five spans of 90 ft.

apiece. They rest on piers 45 ft.

high, 49% feet long and SVz ft. wide.

The bridge was opened to traffic at

the end of May 1958.

Forebay and Dyke
When Beauharnois No. 1 was built

—up to and including Unit No. 14

—

the bulkhead of Units Nos. 15 to 18
was constructed to serve as an end
wall to the west dyke of the canal.

The eight head gates of these four

units were put in place and the clay

of the dyke rested against them.
These gates were of the upstream
skin type.

The same type of construction was
used for Beauharnois No. 2. Four
additional bulkheads were built with
the same kind of dyke, a rolled fill

clay protected by 3 ft. thick rip-rap

on the water side. Since the gates

were of the downstream skin plate

type, a row of sheet piling was placed
immediately upstream of them. Such
construction offered no difficulties,

with plenty of clay and with easy and

cheap removal by means of our huge
suction dredges.

With less clay available, no dyke
to be removed later and no bulkhead
needed for further extension, a com-
pletely different design was made for

Beauharnois No. 3.

A concrete wall, acting as a dam,
was built from the west end of the

bulkhead towards the southwest.

However, instead of having a cross

wall with contreforts against which
the dyke would butt — as on the

east side of Beauharnois No. 1 —
this wall was extended to be enclosed

by the end of the dyke. This dyke
was of the rolled fill clay core type,

flanked by quarry-run rock from the

tailrace excavation.

A row of drilled boles, extending

20 ft. under the upstream part of the

clay core, was grouted to guarantee

the water tightness of the rock. A
woodeu spillway was built to fill

slowly the pond between the new
dyke and the old one from Beauhar-

nois No. 2. Some 300,000,000 gal.

of water passed through the spillway.

Why did we proceed this way?

There are three reasons:

1- To enable us to check the

watertightness of our head
gates;

2- To prevent any sudden pres-

sure on our clay core dyke;

3- To permit control of the water

in case of trouble.

The operation required five days —
September 19-24, 1958. Subsequently,

the 16 ft. by 16 ft. concrete slabs on

the slope of the old dyke close to

the powerhouse were removed by a

erane, the 3-ft. thickness of rip-rap

having been removed previously by a

6-cu. yd. dragline. In October 1958
the Hijdro-Quebec, our 36-in. suction

dredge, started to extract 400,000

cu. yd. of the 1,000,000 cu. yd. re-

quired and to clean that portion of

the intake up-stream of the sheet

piling which was against the gates.

To help in this delicate work—there
are four openings 13 ft. wide per unit

—a monitor jet was used from the

dredge and from the bulkhead to

dislodge part of the hard-tamped clay.

The remaining 600,000 cu. yd. are to

be removed in the early summer this

year.

A problem confronted us at the

juncture of the Beauharnois No. 2

dyke and the original dyke. Since the

old dyke comprised two small dykes

with hydraulic fill between, we were

obliged to drive six cellular cells

linked together to assure stability.

These cells were of 645 A7 steel

sheet piles. They were removed only

by the use of a very strong pile

extractor and jet. Even with that, one

of them remained in place. This re-

moval task was completed in October

1958.

HUMBER SEWAGE TREATMENT PLANT (Continued from page 63)

wisdom of selecting the alternative

procedure.

The digestion tanks were designed
on normal ring tension procedures,

and tenders invited on this basis. An
alternative design for prestressed

tanks was prepared, however, and
reductions in price requested from
tenderers if they desired to utilize

this method. However, no interest in

the alternative was shown.

Practically ali superstructures in-

corporated standard design of struc-

tural steel, with only the blower
room of the main building requiring

special treatment since it embodies
an 85 ft. span on a clear height of

45 ft., and must be equipped with a

10-ton crane operating at relatively

high speeds.

Construction Progress and Costs

Project work commenced in Sep-
tember 1955, with award of the first

rough grading contract, which was
followed one month later by award

of a second contract covering the

shore section of the plant outlet

sewer. In the spring of 1956, opera-

tions began on the final rough grad-

ing contract after homes in the south-

west portion of the site had been
demolished. Ali preliminary grading

and the shore section of the outlet

were finished by fali 1956.

Immediately after completion of

the above work, contracts were
signed for the supply and installation

of return sludge pumps, for the efflu-

ent flushing pumps, and for supply-

ing and installing air blowers, gas

engines and auxiliaries.

In January 1957, the first general

contract was awarded for construc-

tion of sedimentation and aeration

tanks and related structures at the

cost of $5,837,000. About the same

time, arrangements \\'ere made for

the supply and delivery of primary

tank collector mechanism and of final

tank mechanisms. The first general

contract was completed in Ma\" 1959.

In January 1958, the contract was

awarded for construction of the main

building, digestion tanks and related

structures.

Three sets of tenders remain to be

invited, covering the supph' and de-

livery of vacuum filter equipment;

the general contract for construction

of the dewatering building; conver-

sion works at the Etobicoke Plant;

and the placing of the outlet sewer

beyond the shore line of Lake On-

tário.

The Humber Sewage Treatment

Plant is scheduled for operation be-

fore the spring of 1960; and tlie final

cost, inclusive of lands, engineering

and contingencies, will be in the

vicinity of $17,500,000.

Construction commitments require

that the Tmnk Sewer Program at

present underway along the Hum-
ber \'alley be completed simultaneous-

ly with the plant.
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FOR LOCOMOTIVES

A. J. Bachmeier, Heod, Gas Dynamics Section,

Division of Mechonicol Engineering

J. Featonby, Designer,

Division of Mechanical Engineering

D. C. MacPhail, Director,

Division of Mechanical Engineering

E. S. Moore, Designer,

Division of Mechanical Engineering

R. A. Tyler, Sénior Research Officer,

Division of Mechanical Engineering

National Research Council, Ottawa, Ont.

Some of the gas tui-bine locomotive developments are reviewed in relatíon to operat-
ing experiences in various parts of the worid.

In the light of this experience and of some of the characteristics of operation
in Canada, certain Unes of development seem in one or more respects to be attrac-

tive. In particular, it appears to be important to determine the practicabilit>- of

relatively high power mechanical transmission. It is desirable for most tj-pes of

railway service to evaluate a prime mover with better part-load fuel economy than
is normally attained by the simple gas turbine, and a low idling consimiption is

essential.

These questions are examined and proposals are made

EVEN BEFORE the wartime ad-

vent of the aviation gas turbine,

there was a good deal of interest in

the possible applicatíon of this form

of prime mover to railway use. In

spite of the possible problems of

noise and the difficulty of competing
in fuel economy with the diesel en-

gine, there has always been a strong

incentive to reduce the number of

rubbing parts and the whole lubri-

cation requirement.

The comparatively recent avail-

ability on the market of a variety of

excellent aviation engine materiais

and of improved cooling techniques

greatly improve the performance pos-

sibilities of the gas turbine. Tliis, in

conjunction with the acquisition of

design and operating experience in

several places, is attracting steadily

increasing attention.

This paper is intended to describe

some of the advances and to set out

certain developments whicli appear
to make the gas turbine a potentially

advantageous choice of machinery for

locomotive use in Canada. The start

of the present work owed a good
deal to the encouragement of the late

Mr. W. A. Newman, then Chief of

Motive Power and Rolling Stock of

the Canadian Pacific Railway, who
laid great stress on the operating ad-
vantage of securing markedly in-

creased power during severe winter
conditions. This characteristic dis-

tinguishes the gas turbine from the

steam or diesel engine. We have

since had a great deal of assistance

from both the Canadian Pacific and
Canadian National Railways, espe-

cially information and guidance con-

cerning operating conditions, some
of which seem to be little known out-

side railway circles.

Existing Gas Turbine Locomotives
Table I lists locomotives which

have been manufactured or definitely

proposed so far. Of those listed a

few have not gone past the design

stage, but the total operational ser-

vice of ali the units built so far is

becoming significant and is sufficient

for a preliminary assessment. ^- * ' It

is worth noting that the first gas

turbine locomotive operated in Swe-
den and consisted of a diesel engine

exhausting into a gas tinbine with

mechanical transmission. The second

locomotive was constructed by Brown
Boveri and went into use on the Swiss

Federal Railways in 1941. It em-

plo>ed electrical transmission very

similar to that developed for diesel

locomoti\'es, and was dismantled in

1954 after it had covered about 230.-

000 miles.

The Sigma Renault development

France-- makes use of a GS-
S.I.G.M.A. free piston gas generator

and incorporates a mechanical trans-

mission (Fig. 1). Both of tliese fea-

tures appear to be giving satisfactory

service, and the Renault Company
have followed this development with

two or more locomotives similar to

the first but of twice the power. One
of tliese was expected to be in sen ioe

before the end of 195S.

British operating experience li.is

been related to two gas tinbine elec-

tric locomotives, which started opera-

tion in 1952 and have accumulated
about 300.000 miles each. In man\
\\ a\ s the>" ha\ e pro\ ed suitable. bvit

the o\er-all efficiency has been dis-

appointingh- low — less than 7*^ at

the rail.^ One of these, a Brown
Bo\eri loconioti\e, has a heat o\-
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@
Fig. 1. Sigma Renault 1000-H.P. gas turbine locomotive (Free piston gas generator)

changer incorporated in the cycle

but experienced some trouble fiom

coking and subsequent fire, with the

result that much of the service has

been without the heat exchanger in

operation. This locomotive is still in

service between London and Bristol,

but the other locomotive, of Metro-

politan Vickers manufacture, was
withdrawn from service rather more
than a year ago.

By far the most extensive opera-

tional experience has been gained in

the United States^' where 25 lo-

comotives manufactured by the Gen-

eral Electric Company, each develop-

ing in excess of 4500 h.p., have been

in regular service since 1952 on the

Union Pacific Railroad between Og-

den and Cheyenne (Fig. 2). The gen-

erally satisfactory performance of

these engines is attested by the fact

that in 1957 the same railway placed

an order for 15 additional gas tur-

bine locomotives developing 8500

h.p. each, five of which are now in

service.

In 1952 the Westinghouse Com-
pany also built an experimental loco-

motive with two turbines, developing

a total of 4000 h.p. Extensive trials

with both the Westinghouse and the

General Electric locomotives were

made on various United States rail-

ways in different types of service, but

only the Union Pacific Railroad has

extended the use beyond experimental

service. It appears that the road and

traffic conditions are ideally suited

to the gas turbine locomotive char-

acteristics, that is to say, there is a

long haul at steady maximum load

conditions, with the result that the

turbine locomotives show to advan-

tage in fuel economy and the mainte-

nance costs. '

In Sweden a second engine was

built in 1954 using a two-stroke diesel

engine as a gas generator with me-

chanical transmission: this engine has

now accumulated 120,000 miles. In

Rússia a 1000-h.p. free-piston turbo-

electric locomotive has been in service

since 1956, and Czechoslovakia put

into sei"vice in June 1958 a 3300-h.p.

gas turbine locomotive, with mechan-
ical drive to two three-axle trucks.^

Fig. 2. General Electric 4500-H.P. gas turbine locomotive.

b fT^^if I-
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This uiiit iiicorporatcs a ivcupeiatixo

lieat oxchangcr and is reported to be
giving satisfactoiy scrvice.

The Russian State Railways have
also been experimenting with gas

turbine locomotives of single shaft

.ixial compressor and free piston com-
pressor design.

In \ ie\\ of tlie difficulty of rivalling

the thernial efficiency of the diesel

engine except by usíng free piston

gas generators, considerable attention

has been directed to the possibiUty

of burning cheaper fuel in the gas
turbine tlian is digestible by a lecip-

rocating engine.

Special reference should be made
to de\elopments ainied at the utihz-

ation of coal for loconiotive gas tur-

bines. Work sponsored by the Loco-
niotive Development Committee in the
United States with directly fired coal

encountered severa blade ero-

sion.5' s. 9 Although progress was
being made in separating the ash, the
work was snspended in 1958. In order
to avoid ash erosion troubles, an in-

direcd>' fired coal burning arrange-
ment has, since 1948, been examined
at McGilI University in Canada^" and
jointh- by the C. A. Parsons and
North British Locomotive Companies
in Britain."' 12. " The latter project
is well advanced and a prototype
Iocomoti\'e is nearly ready for pre-
liminary trials. While the indirecdy
heated cycle removes the erosion
problem from the turbine, it places
a somewhat arduous demand on the
heat exchanger which, for high power,
becomes difficult to accommodate in

the usually available space.

Mechanical Drive

In the diesel locomotive, the capa-

bilities of a high efficiency prime
mover are commonly matched to the

starting and running demands
through the intermediary of an elec-

trical transmission system. Such an
arrangement, employing direct cur-

rent, provides wide choice of drive

arrangement and of running charac-

teristic, but implies a considerable

inventory of high powered inachinery

and an inevitable loss in effecti\e

horse-power. Hydraulic transmissions

have in recent years been made to

transmit powers in excess of 3000
h.p.^*' 1^ and now appear very approp-
riate for railway traction.

In contrast with the diesel engine,

the gas turbine may have a torque

at standstill of several times that at

the design speed, so that it is an-

alogous to the hydraulic torque con-

\erter and very appropriate for trac-

tion requirements. It seems to the

authors that this feature is one of the

main claims of the gas turbine for

consideration as an important and

economic locomotive povverplant.

The distribution of power to a num-
ber of running \\heels, so eleganth'

accomplislied b\" electrical transmis-

sion, is however a severe problem

worth\- of very careful attention.

Existing Arrangements

Of the locomotives listed in Table

1, two in France, one in Sweden, and

one in Czechoslo\"akia use a mechan-

ical drive; ali employ be\ el gears and

cardan shafts with uni\-ersal joints.

The final drive of the recent Swedish

engine is by means of side coupling

rods. In this respect it is similar to

the English Electric proposal. the

gearing of which has been tested.

and the Parsons-North British unit

which has also been bench tested.

On the other hand, it has been sug-

gested that tlie most suitable arrange-

ment for a geared transmission is to

set the traction turbine shaft tians-

versel\-—i.e. parallel to the running

axles—thus allowing the use of spur

or helical gearing.^"^ The authors be-

lieve that the strength of this ar-

rangement is highly appropriate to

conditions in Canada, and gear

assemblies of this kind are discussed

below.

The main points to be made for
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this form of gearing are the facts

that it can be made to operate free

of end thrust, and it is tolerant of

variations in end location and centre

distance, especially in comparison

with the various forms of right angle

drive gearing. Furthermore, it easily

accommodates a face width adequate

for impact, strength, and wear, and
does so without complicating the

manufacturing processes.

In the present instance, the pro-

posed scheme of deaHng with the

various motions of the running axles

relative to the main frame is as fol-

lows:

(a) Vertical and horizontal motions

of axle boxes-coupling rods, and slid-

ing couplings of the "Oldham" type;

(b) Lateral and pivoting motion
of trucks — flexible water cooled gas

joints.

These arrangements for accom-
modating the wheel motions involve

mounting a traction turbine and its

reduction gearing on each truck. Al-

though a variety of centre plate lay-

outs can be contrived, the best sug-

gestion we have so far devised is to

use a comparatively large ring sur-

rounding the reduction gear case. In
turn this arrangement would prob-
ably require forced lubrication to

maintain the turning resistance at a
satisfactory levei, and it implies that

trucks be dropped out complete with
turbine, gearing, and the banjo sur-

rounding the gear case, without
breaking the centre plate joint.

Turbine Speed-Torque Characteristics

Some considerable testing has been

1500 EOOO
n/vC - R.P.M.

Fig. 5. Measured experimental single stage turbine speed-efficiency results.

directed towards establishing the

range of torque available from typi-

cal traction arrangements over a range

of rotational speed from design down
to near standstill conditions.

In the present experiment, a single

stage turbine of 20-in. hub diameter

and 25-in. blade tip diameter was

manufactured for this purpose with

two sets of interchangeable rotor

blades, each set designed for use with

the same nozzles and design point

conditions of pressure ratio (1.35:1)

and reduced speed (N/e = 3660

r.p.m.), but with differing design

point incidence distributions along

the blades. The first set of rotor

blades employed conventional inci-

dences on the blades, but for the

second set the design point incidences

Fig. 6. Typical power variation in Canadian locomotive service.

were reduced by some 20° in an effort

to improve the gas incidence on the

rotos at standstill. It was hoped there-

by to increase standstill torque.

The resulting blade sections are

shown in Fig. 3. Owing to limita-

tions on the available air supply

for driving the turbines, coupled with

relatively large losses in the exhaust

arrangements in the test installation,

it was only possible to cover a range

of speed close to the design speed

at the full design pressure ratio dur-

ing the early testing on the conven-

tional blading. Later improvement

in technique allowed an extension of

speed range at this pressure ratio

during the testing of the so-called

high torque blading, but the earlier

results are still incomplete in this

respect. No direct conclusions can

yet be made therefore in the efficacy

of the high torque blading at stand-

still conditions. The available results

are shown plotted in Figs. 4 and 5

showing the variation of torque and

efficiency with reduction of speed

from the design point at various stage

total pressure ratios for the two types

of blading.

The chief points of interest which

have been established are:

(a) There is no loss of efficiency

or torque at the design point (expan-

sion ratio 1.35:1, N/e = 3660 r.p.m.)

for the "high torque" low incidence

blading relative to the conventional

blading;

(b) There is a general gain in effi-

ciency and torque dowii to ábout 20%

design speed for tlie 'liigh torque"

blading, the maximum gain occur-

ing at about 50% design speed;

(c) The range of torque available

from standstill to design point speed

at the design pressure ratio for the
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TRACTION TURBINE HORSEPOWER

Fig. 7. Approximate part load variation of thermal efficiency.

"lú\íh toiqut.'" M.uliiiií appears to be

at ioast 3;1.

Proposfd Ariangemcnts

Ha\ iiiii established the toique-

speed chaiacteiistics obtainable fiom
a simple tiaction turbine, it is next

necessai\- to asceitain whether or not

a final dri\e can be devised with

tlie appropriate strength, reliabilit\"

and running chaiacteiistics for the

conditit)ns in niind. The requirements

have been taken to be:

(a) Transmission of 3200 h.p.

through t\\ o trucks, with a maximum
standstill torque of three times the

vakie at the design point;

(b) Spur gearing only, with coupled

axles;

(c) Inchvidual axles or complete

trucks to be easily removable;

(d) No gear changing other than

simple reversing at rest;

(e) Axle loading 30 tons/axle.

It appears to be possible to meet
these conditions with a reasonably

sturdy locomotive. With the above
axle loading and a co-efficient of

friction of 0.25, the maximum attain-

able tractive force at the rail amounts
to 15000 Ib./axle. Traction turbines

of 3200 s.h.p. (design point) are cap-

able of 40,000 Ib. tractive force at

30 m.p.h. or 30,000 Ib. at 40 m.p.h.

With a static torque equal to three

times that at the design point, the

former would have a starting tractive

force of 120,000 Ib. and the latter

90,000 Ib. At 15,000 Ib. per axle,

gearing for 30 m.p.h. aerodynamic
design speed requires a total of eight

driven axles, while gearing for 40

m.p.h. aerodynamic design speed re-

quires sbc driven axles. In both cases

the mechanical limit on speed has

been taken to be roughly twice that

at the design point, i.e. 60 m.p.h. and

80 m.p.h. There are two schemes, the

first incorporating coupHng of the

axles of each truck by means of side

rods, and the latter employing spur

gearing with sliding couplings. In this

connection the experience of the Swiss

and the Swedish railways are to be

noted. On the latter especially, the

coupling rod and jack shaft type of

drive is preferred for speeds up to

60 m.p.h."

Load Variation in Actual Service in

Canada
A considerable amount of data in

the form of dynamometer and watt-

meter charts, taken over the entire

duration of several t\'pical freight

and passenger runs, were analysed to

obtain some iiiformation on the kind

of load variation encountered in ser-

vice. It was not found possible to

define a power-time relationship of

general applicabiUty, a wide \aria-

tion existing between runs, particu-

larh' in passenger service. For freight

service the results shown in Fig. 6

appeared to be as nearly representa-

tiva as could be obtained from the

data considered. Roughly the loco-

motive powerplant output was be-

tween 90% and 110% of rated load

for 35% of the operating time, be-

tueen zero and 90% for 25% of the

operating time, and for 40% of the

operating time no tractive effort was

required.

Use of Free Piston Gas Generators

The nearest gas turbine relati\ e of

the well established railway diesel

engine is the composite system em-
ploying a reciprocating free piston

generator to supph' the hot gases to

a power turbine. Attention has al-

read\- been drawii to several existing

locomotives of this t\pe. Electrio

drive is of course possible with thi>

arrangement and \\ ould emplo\" con-

ventional electrical ti-action gears.

Free piston gas generators are also

applicable to the forni of mechanical

transmission proposed and seeni to be

adaptable to high powers.

In comparison with the purelv" ro-

tating form of gas turbine, the free

piston system attains a considerabh

higher thermal efficienc\\ Whether or

not it will prove more economical

depends both on its abilit\' to burn

a cheaper fuel than standard diesel

oil and also on the corresponding

maintenance costs.

Suitability of Residual Fuel Oils

It appears likeh" that the frequent

Fig. 8. Gas turbine—steam cycle an'angement.
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occunence of very severe boiler tube

corrosion reported during the period

betvveen 1925 and 1940, and which

was sometimes referred to as "catas-

tiophic" corrosion, was in some cases

at least due to vanadium attack. The
phenomenon was at the time not

understood, but it was clear that the

attack was not consistent with cor-

rosion rates normally associated with

the sulphur or sodium constituents

of the fuel. The intensive develop-

nient of the gas turbine for industrial

purposes which began immediately

after World War II was slowed down
considerably by similar troubles aris-

ing from the ash deposition and cor-

rosion accompanying the burning of

residual fuels. Bowden and Jefferson

in 1949^* described results obtained

in a Parsons 500-h.p. experimental

turbine in which compressore surge

due to turbine blockage occurred
after only 43V2 hours' operation on
residual fuel. The deposit was confined

largely to the first three turbine blade
rows and, on analysis, was found to

be approximately 40% vanadium ox-

ide. Lloyd and Probert^® discussed

the problem in more detail, and re-

ferred to what have since been rec-

ognized as the two practical ways to

control vanadium troubles. The first

is to regulate the combustion in such
a way as to produce carbon "ceno-
spheres" which trap a large portion

of the ash and aid in scrubbing the
remaining deposit from the blades.

The second uses additives which con-
vert the vanadium either to a com-
pound which is not active or to one
which will raise or lower the melting
point and vapour pressure to a point
where it is no longer a problem.
Amgwerd'^" in 1949 studied the attack
of VgOg and of natural ash on a
number of alloys over the tenipera-
ture ranges 650-850 °C, and found
that the effect of V^Og in promoting
oxidation was very marked over the
whole temperature range, and that

the effect of natural ash containing
66% V,0,, 8.7% NaoO and 12.7%
SO3 was even more vigorous. Later
reports by Hughes and Voysey-i in-

dicate that there was relatively little

damage to blading on the Parsons
turbine during the fouling process.

The corrosion rate is apparently very
temperature-sensitive, and the opera-
tion of the Parsons plant at 550°C
was below the temperature at which
attack begins. Analysis of deposit on
some of the nickel alloy blades which
did show corrosion showed nickel

oxide content of approximately 16%
as compared with 4 or 5% in the

original fuel ash, and a correspond-

ASSUMPTIQWS

Fig. 9. Gas turbine
—steam cycle selec-

tion of over-all

pressure ratio.

4 5 6 7 8

OVER-ALL PRESSURE RATIO

ing decrease in blade weight when
the oxide and deposit had been re-

moved. Bowden et al.-^ and Draper-^

present curves showing deposition

rates and provide a list of suggested

mechanisms which might account for

the very rapid rates of build-up en-

countered. At any rate the process is

regarded as a complex one in which
a number of reactions are involved.

They discuss in more detail than did

Lloyd and Probert the two methods
of reducing deposition by controlled

combustion and by additives, and
present curves showing the effect of

various inorganic additives. Of these,

SiO^, ZnO, MgO and AI2O3 are the

most effective in the order given and
provided stable suspensions can be
achieved, are quite promising.

Some deposits^®- do not ap-

pear to result in significant corrosion

and will in fact wash or break off

when the turbine is shut down.
Young et ai.--' describe a method of

evaluating the corrosion resistance of

blading materiais, and Buckland and
Sanders-'^ describe a process for wash-
ing residual fuels where 90% of the

sodium and a substantial portion of

the calcium is lemoved. The addi-

tion of magnesium oxide to prevent

the deposition of vanadium makes
the fuel reasonably satisfactory for

turbine operation. The authors point

out that the addition of lead spoils

the effect of the magnesium in inhib-

iting vanadium deposition, and that

when sodium is present in quantities

in excess of 10 p.p.m., the ratio wt.

of sodium: wt. of vanadium should

not exceed 0.3. For inhibiting the

vanadium deposits, the ratio wl. of

magnesium: wt. of vanadium should
be at least 3.

Shortly after extensive oil discov-

eries in Western Canada, the National

Research Council carried out a stud\»

of the composition of the various

crucie oils from Canadian sources and
other large oil fields. Table II taken

from References 25, 27 and 28 sum-
marizes the results.

The freedom from vanadium and
sodium of three types of Canadian
crudes suggested that these would
be ideal gas turbine fuels. To verify

this conclusion a test rig was set up
and 12 blades, 4 each of \'itallium,

Inconel X and Nimonic 80, were ex-

posed to the combustion products of

Leduc bunker C at 700°C for 1000
hours. The results of this experiment

are reported in Reference 29 and are

essentially as shown in Table III. A
conclusion to be drawn from these

tests is that the fuel is indeed a satis-

factory one, but actual turbine tests

are being undertaken as fvnther \ eri-

fication.

General Performance Considerations

The suitability of free power tur-

bines for mechanical transmission

(with associated freedom from the

cost, losses and complication of elec-
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tric drive), together with the avail-

ability in Canada of cheap residual

fuels of low vanadium and sodium

content, clearly indicates the possi-

bility of some form of gas turbine

powerplant for locomotive use.

Performance Obtainable with the

Straight-Through Gas Turbine Cycle

It appears from various analyses

that the simple gas turbine is capable

at a turbine inlet temperature of

700°C of a reasonable full power
efficiency — or at least of a competi-

tive full power fuel cost vvhen bum-
ing residual fuel oil. There are also

in sight substantial improvements due
to increased temperatures in con-

junction with blade cooling. In par-

ticular, the practice of spraying water

or other coolant on the turbine blad-

ing has already achieved considerable

success in aviation engines^'' and is

capable of cooling by several hun-

dred degrees solid blades of conven-

tional sturdy designai* with corres-

pondingly enhanced full load effici-

ency.

On the other hand, conventional

gas turbine arrangements of reason-

able efficiencies at present tempera-
tures imply the use of high pressure

ratios requiring large numbers of ex-

pensive compressor and turbine

blades and/or gas-to-air heat ex-

changers involving high metal tem-
peratures, high grade materiais, and
bulk somewhat difficult to house
in a locomotive. Further, the straight

gas turbine arrangement suffers the

severe disadvantage of very high fuel

consumption at zero power output
(Fig. 7), a condition shown in Fig.

6 to amount to about one-third of

the total operating time between ter-

minais. Under these conditions the

fuel flow is of the order of 30% of

the full load value, comparing very

unfavourably with the corresponding

diesel value of about 3%.

In addition, the duty of starting

motors is not only arduous but must
be discharged in a rapid, reliable and
highly manoeuvrable way if operat-

ing people are to accept the practice

of shutting down during yard and
station delays, waiting on sidings for

meets, and during coasting at zero

power. It appears to us, therefore,

that the gas turbine is not suitable

for general locomotive usage unless

the starting arrangements are so effi-

cacious as to avoid any need for fast

idling operation. In addition, it is

extremely desirable to minimize the

variation in the turbine disc and
blading temperature in order to avoid

repeated thermal shock and fatigue

cracking.

The Gas Turbine—Steam Cycle

In an effort to eliminate the un-

desirable features of the simple gas

turbine cycle, a number of arrange-

ments involving more than one basic

prime mover—diesel, steam and gas

turbine — were considered. Of the

schemes examined, the one set out in

Fig. 8 and described in the follow-

ing sections appeared to have cer-

tain distinct advantages and was
finally adopted for detailed examina-

tion.

Cycle Arrangement

Heat exchange is introduced

through a waste heat boiler with mild

Steel tubes and forced circulation

and employing steam conditions com-
mon to locomotive practice. The
energy recovered is returned to the

cycle mechanically through a steam

turbine driving a high pressure com-

pressor of appropriate dimensions.

The normal advantage of heat ex-

change in reducing the required

pressure ratio for maximum efficiency,

and hence the number of compressor

stages, is thereby reinforced by a

large reduction in air flow for a

given power output, leading to re-

duced turbo machinery dimensions

at the expense of introducing less

criticai (and also less efficient) steam

turbine blading. Further, the presence

of the steam driven compressor

affords a method of maintaining a

small flow of hot gases through the

system to maintain rotor and casing

temperatures and boiler pressure

under standby conditions. In this way,

the main gas generator can be effec-

tively shut down with the energ>'

capacity of the boiler available for

a fast restart when required. This

feature promises very low standby

fuel consumption, and notwithstand-

ing thermo-dynamic inferiority of

steam-raising plant in comparison

with an exhaust heat exchanger in

a gas turbine cycle, and the implied

operating problem of using water,

the advantages of steam seem to

accrue in the following ways:

(a) Recovery of some of the ex-

haust heat as steam enables the gas

turbine cycle to be boosted directly

or by means of a steam turbine com-
pressor drive. Either method raises

the cycle efficiency and also reduces

the sizes and costs of both compressor

and gas turbine parts;

(b) The considerable power avail-

able in the steam turbine alternative

of (a) should accomplish agile start-

ing of extreme reliability. Should a

start be prevented by fuel system

or ignition trouble, there is no prac-

Table II

Properties of Vanadium content of Canadian No. 6 Fuel

Venezuela Arabian Califórnia Canadian

FuelSource T.V. R.W. Leduc. R.W.
and Sample 9268 9925 9280 9930 9939 9327 9936 9927 9934 9301 9302 9931 9933

Sp. Gr 982 .969 .999 1.003 .983 .979 1.008 1.004 .989 1.046 1.001 .995 1.007

Viscosity 100 F es 555 544 651 935 808 303 703 945 432 1080 889 364 1150

Residue, % 9.48 11.6 10.3 10.8 13.4 10.9 14.3 12.8 12.5 10.2 12.2 9.12 14.8

Sulphur, % wt 1.48 1.65 2.36 1.93 2.16 3.0 2.83 0.87 0.67 1.18 1.04 0.73 1.02

Ash, % wt 0.10 0.10 0.05 0.12 0.01 0.03 0.08 0.02 0.03 0.01 0.016 0.03 0.01

Vanadium, p.p.m 108 146 84 116 135 126 143 25 14 nil 8.4 2.5 12

Sodium, p.p.m 150 290 101 6.8 216 5.0 22 1.6 1.7 40.4 8.0
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tical liinit io tht- minibor of sub-

sequent attempts;

(c) Auxiliiuy power to maintain

tlie lubrication, beaiing and disc

cooling, and tinning gear of an idle

gas turbine permits the "hot" parts

to be kept hot and relatively free

from thermal cycling and shock;

(d) A supply of steam is one of

the siniplest, clieapest, and most con-

\ enient ways of lieating and atomiz-

ing bunker fuel oil and for train

heating, where required;

(e) Recuperation of exhaust heat

in the forni of steam rather than com-
bustion gas permits the heat ex-

change system to be constructed of

mild Steel rather than the more ex-

pensive stainless alloys;

(f) Partial duplication of auxiliary

power supply driven by steam per-

mits reduction of the necessary diesel

or semi-diesel alternator set to a size

which can be started by hand.
Fig. 9 illustrates the variation of

efficienc>- and required air flow with
over-all pressure ratio for the steam
cycle considered here, assuming the
high pressure compressor absorbs the

whole of the available waste heat at

the design point. Also plotted are the
number of compressor stages re-

quired, the design point steam flow
(water consumption), and the ratio

of the high pressure compressor tem-
perature rise to the low pressure
compressor temperature rise. The lat-

ter factor has a bearing on the cap-
ability of the system for quick re-

starting from the standby condition
and has a practically useful minimum
limit. Consideration of the various
factors illustrated by curves of this

type led to the selection of an over-
all pressure ratio of 4.5:1 with a
steam driven compressor temperature
rise of 35 °C, the latter value being
somewhat less than the maximum
available to allow a margin for

auxiliary steam requirements (includ-

ing train heating) and reduced ex-

haust temperatures at low ambient
temperatures. The maximum cycle

temperature was set at 700°C.
In this arrangement the main oper-

ating procedures are envisaged rather

as follows:

Stone cold to stand-by:

(a) Start auxiliary (semi)-diesel

engine;

(b) Fill boiler with water or, If

practicable, with hot water and
steam from shop supply;

(c) Start auxiliary lubricating pump
and main compressor turning gear;

(d) Light main and auxiliary com-
bustion pilots;

(e) \Vhen steam is available, start

Table III

Gas turbine blade corrosion results for Bunker C combustion tests.

(Leduc Crude)

VitalliuTfi yiiiTioTiic 80

Mean Rate of

BuUd-Up mg. /cm.V 1000 hr. 3.25 —1.78 —5.33

Mean Rate of

Metal Wastage mg./cm.VlOOO hr. 6.72 8.20 12.68

Mean Rate of

Metal Wastage in./lOOO hr. 0.00031 0.00039 0.00061

steam turbine to turn high pressure

compressor slowly as a forced

draught fan;

(f) Turn on steam heat to bunker

fuel, atomizing steam and, in cold

weather, heat to water tank;

(g) Start steam driven alternator

to protect superheater and to supply

fuel pump, air pump, and main
lights;

(h) Gas turbine heats nearly to

running temperature, gas generator

being turned over at 50 r.p.m.

Stand-by—Normal Running
As the main throttle is opened, the

following series of automatic control

adjustments is proposed:

(a) Steam turbine throttle opens

and main combustion chamber tem-

perature rises, with fuel flow limited

by a rate of temperature rise control;

(b) As the main gas generator set

reaches the required speed, the high

pressure compressor speed adjusts

automatically to use the steam pro-

duced, and the auxiliary burner ad-

justs to maintain constant steam

pressure;

(c) Should the wheels slip, quick

closing of the throttle is arranged to

open a discharge on the gas generator

exhaust, with automatic closing.

It is evident that an advantageous

execution on the above lines would
ameliorate very much the basic dis-

advantages of gas turbine machinery,

but with the operating disadvantage

of requiring water.

The thermal efficiency and air flow

requirements of the gas turbine —
steam cycle, and a straight gas tur-

bine cycle have been compared for

the same maximum temperature with

various assumed system pressure losses

and with no heat exchange.

There is marked improvement in

the efficiency and reduced air flow of

the steam assisted cycle-even at rela-

tively moderate pressure ratios—over

the "straight" system at an optimum

pressure ratio of about 8:1. The
selected design point values for the

steam assisted cycle led to a 12-

stage low pressure compressor, 3-stage

high pressure compressor, 2-stage gas

turbine driving the low pressure com-

pressor followed by t\\o 2-stage trac-

tion turbines in parallel. With careful

attention to pressure losses throughout

the system, an output of 3200 h.p. is

expected from an air flow of 43.75

Ib. sec. at a thermal efficiency of 21%

(s.f.c. = 0.65 Ib. h.p. hr.)

A study of a t\vo-shaft gas turbine

cycle of 8:1 pressure ratio and the

same maximum temperature of 700°

C indicated an aii- flow of 65 Ib. /

sec. for the same output at an

efficiency of about 18%. A total of

22 compressor stages and about 3000

compressor blades were indicated,

compared with 15 compressor stages

and 1900 compressor blades for the

arrangement in\olving steam.

Approximate Part-Load Performance
In order to maintain the high pres-

sure compressor at a speed ap-

propriate to aerodynamic matching

of the turbo machinery, it is neces-

sary* to augment the exhaust heat

by combustion in an auxiliary burner

before the boiler at ratings less than

about 90% full load, depending on

the auxiliary steam requirements.

The required matching speed of the

high pressure compressor is almost

constant at the design point value

down to about 10? full load. Some
limited testing has been carried out

on the existing boiler-steam turbine-

high pressure compressor conibina-

tion. A siniulated standbv idling air

flow of 5 Ib. sec. at 400X (fuefflow

about 10? full load) was applied to a

completeh' cold boiler and the boiler

pressure raised to about 100 p.s.i.g.

The response of the high pressure

compressor system at atmospheric in-

take to opening of the steam throttle

was obtained with the rate of firing
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held constant at a levei correspond-

ing to idling fuel flow. The compres-

sor system was able to accelerate to

and maintain its governed design

speed without increase of the heat

supplied to the boiler. The behaviour

of the actual locomotive arrangement

with the low pressure compressor in

position and direct connection on the

gas side with the boiler represents of

course a somewhat extreme extra-

polation from these tests: examination

of the capability of the steam turbine

to start the whole system, the required

initial boiler conditions for effective

starting, and the required compressor

management during starting, is now
being made. Results from this work
will establish the minimum heat supply

necessary during stand-by periods to

enable a rapid start to be made. On
applying the results of Section 4, Fig.

6, to the fuel flow values of Fig. 7,

one would expect the mixed cycle

powerplant of 3200 h.p. rated output

to consume 1200 Ib. of residual oil

per hour of operating time. For

a diesel-electric powerplant of the

same capacity the comparable con-

sumption would be about 800 Ib. (of

diesel oil). The expected fuel con-

sumption per operating hour of the

straight gas turbine with mechanical

drive is 1540 Ib./hr. These figures

are approximate and are summarized
in Table IV which also includes an
estimate for a free piston unit with

mechanical drive. The relative costs

would naturally depend on the unit

prices of the fuels in question. Al-

though the mixed cycle powerplant
appears likely to show to advantage
when burning bunker fuel at half the

unit price of diesel fuel, it needs to

be emphasized that fuel cost alone

is only one criterion by which to

make a sound comparison.

Variation of performance with
Ambient Temperature

In common with the straight gas

turbine, although to a reduced de-

gree, the mixed cycle arrangement
exhibits pronounced variation of out-

put with ambient temperature. An
increase of about 30% (i.e. 1000 h.p.)

over the rated 3200 h.p. is expected
for ambient temperatures in the

neighbourhood of 0°F, at maximum
gas generator r.p.m.

Traction Turbine Characterístics, and
.4vailable Tractive Effort

Some considerable testing has been
directed towards establishing the

range of torque available from typical

single stage traction turbines over a
range of rotational speed from design

down to near standstill conditions.

The curves of Fig. 4 show measured

Table IV
Approximate fuel flows per operating hour

3200 H.P. to Wheels

Á TTÇLTigeTYicnt

Idling fuel

flow pST
hour idling

Fuel flow
per operating

hour
Fuel cost

per Ib.

Fuel cost

per operating

hour

Mixed Cycle—
Mechanical 210 1200 Ic .112.00

Straight Cycle

—

Mechanical 700 1540 Ic S15.40

Free Piston

—

Mechanical 240 700 2c $14.00

Diesel

—

Electric 50 800 2c $16.00

results for two arrangements tested.

These results have been used to esti-

mate the torque-speed relationship

for the two-stage power turbines of

the actual locomotive powerplant.

With a conventional loading of 60,-

000 Ib./axle and an assumed factor of

adhesion of 0.25, an engine of 3200
h.p. requires eight drive axles if

geared for a maximum service speed

of 60 m.p.h. and six axles if geared

for 80 m.p.h. For the powerplant con-

sidered here the power turbine de-

sign speed is 5200 r.p.m. and the

wheel diameter is 48 in. At low am-
bient temperatures the maximum
available stand-still torque is greater

than that required to slip the wheels

(at 60,000 Ib./axle and 0.25 factor

of adhesion), and partial throttle is

required from standstill \vith pro-

gressiva opening up to full throttle as

speed is picked up, for maximum
train acceleration. In practice the fac-

tor of adhesion with coupled axles

might exceed the above assumed

figures of 0.25 »

Weíght Changes Due to Fuel and
Water Consumption

Apart from the problems of supply,

the use of water in a locomotive im-

plies a change in the weight on the

wheels. In the present instance it is

suggested that 3100 gal. of water

(and ali the fuel) be carried on the

engine chassis and further water in

a tank car or tender. The correspond-

ing variation in weight on the driving

wheels would entail greater risk of

slipping with tanks empty, but the

additional adhesion requiied seems

to be within the margin ascribed to

coupled wheels i^'^^.

Construction of the Experimental Plant

In setting out the mechanical de-

sign of this experimental gas turbine.

one object was to make a result

reasonably ready for industrial ex-

ploitation and development and also

appropriate for general railway ap-

plication. Considerable effort has been

made to incorporate various features

such as ease of manufacture, simpH-

city and accessibility for maintenance,

sturdiness, freedom from close toler-

ances and criticai materiais, and the

need for special manufacturing fa-

cilities and services.

The compressor casings are split

on the centre-line to allow convenient

assembly and easy inspection of rotor

and stator blades, the latter being

easily removable in sections. V/ith

one exception the bearings are ac-

cessible directly by removing caps,

and ali but one are identical. The
turbine casings are complete rings

with the object of avoiding excessive

distortion.

Built-up rotor construction with

dovetails to hold the rotor blades is

employed in the low pressure com-

pressor, which with its turbine is

carried on a single shaft in two large

journal bearings. The high pressure

compressor at present has three

bearings.

The compressor blades are made of

stainless steel of heavy section in an

effort to ensure freedom from ^'ibra-

tion and erosion problems. Ali blades

in each compressor are the same and
are cropped from stage to stage to

provide the proper flow áreas.

Mounting the high pressure tur-

bine on the low pressure compressor

shaft has the disadvantage of limit-

ing rather sharply tlie space avail-

able for the turbine outlet diffuser.

The arrangement shown on both the

high pressure compressor outlet and
the high pressme turbine outlet is,

however, aerodynamically quite effi-
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cient, with a pressuio locoxory ociiial

to ahout 90''; of thc gas exit \'elocity

head. At this stage. tieatnieiít of the

flow is 110 loiíger criticai and bends
may be intioduced without serious

loss. Duct velocities are kept low to

minimize distribiition losses, and turn-

ing \ anos are cmployed w here it ap-

peared protital)lc to do so. The tur-

bine rotor material is G18 B, the

stator hlades are Vitalliiini, and the

rotor hlades are Inconel X. While
the cycle temperature employed does

not demand materiais of this standard,

the fact that they are used allows

one the possibility of increasing the

maxiimun pow er without creating un-

due stress problems and at the same
time ensuring a long component life.

Tlie turbine blading in common
with the compressor blading em-
ploys constant section profiles which
can be generated by straight lines,

thereby allowing maximum scope in

the method of machining the profile.

Combustion takes place in a single

metal chamber, with air cooled flame
tube and liner, employing steam
atomization. Ignition is obtained by
means of a pilot torch burning diesel

oil which can be lit by an electric

spark or with a match. The torch

burns only a fraction of a gallon per

hour and remains lighted so long as

the system is alive. The main burner,

injecting bunker C fuel, can be shut

down and relighted without difficulty.

Precise figures for combustion effi-

ciency have not so far been obtained;

but, on the basis of mass flow and
temperature measurements, the com-
bustion efficiency is estimated to be
in the neighbourhood of 98%.
The steam boiler being used for

the experiments is of LaMont forced

circulation type with mild steel tub-

ing, and incorporates an auxiliary

combustion chamber which will be
dispensed with if operation without
it proves feasible.

Conclusions

The requirements of railway trac-

tion are generally met in a very cap-

able way by the diesel engine which,
when employing electric or hydraulic

transmission, makes a very economical
and flexible locomotive.

If the gas turbine is to compete
with it on a comercially sound basis

to any appreciable extent, the authors

feel that ali of its potential advan-
tages must be exploited. These ap-
pear to be substantial and generally

as follows:

1. The torque speed characteristic

of the turbine makes it practicable

to use simple mechanical coupling

to the wheels with a potential

gain in starting tractive effort due to

improved adhesion, reduced capital

cost, and reduced maintenance costs;

2. The inherent ability of the gas

turbine to use low grade fuels is

outstanding, and, together with the

fact that the cycle is peculiarly ad-

aptable to waste heat recovery, al-

lows the possibility of substantial

savings in fuel costs;

3. To achieve a saving in fuel

costs it is necessary to provide the

locomotive with an idling fuel con-

sumption cost comparable to that of

the diesel engine, and so ensure rapid

reliable starts when required if oper-

ators are to take advantage of this

feature.

The proposed design is intended to

take some advantage of these pos-

sibilities. Fuither assessment will have
to await additional tests and experi-

ence.
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LITTORAL DRIFT

IN LAKE ONTÁRIO HARBOURS

A. Brebner, A.M.I.C.E., Assistant Professor of Civil Engineering,

R. J. Kennedy, M.E.I.C., Associate Professor of Civil Engineering

Çueens University, Toronto, Ont.

THE PROBLEMS created by lit-

toral drift—which may be loose-

ly defined as the transport by waves,

tides and coastal currents of littoral

or beach material along the shores of

large bodies of water—are present

ali over the world. The erosion of

valuable land in some places and
damage to charmels and harbours by
siltation in others occurs at greater

or lesser rates wherever there are sup-

phes of beach material and water

with sufficient energy content to

move them.

On the north shore of Lake Ontário

the erosion at Scarborough Bluffs is

well known and erosion at less spec-

tacular rates does occur along much
of the coast. Some idea of the magni-
tude of the siltation may be gained

from the typical annual dredging fig-

ures given below.

Cobourg Harbour ... 31,700 cu. yd.

Port Hope Harbour. . . . 25,000 cu. yd.

Bowmanville (pleasure

craft only) 1,650 cu. yd.

Oshawa 15,000 cu. yd.

Port Whitby 4,865 cu. yd.

Toronto Eastern Gap. . . .36,000 cu. yd.

With the exception of Hamilton

and Toronto the harbours on the

north shore of Lake Ontário will not

be able to accommodate ships of the

Seaway draft. Since these smaller

harbours hope to share in the in-

creased trade which the Seaway is

expected to bring, it is apparent that

information will be required regard-

ing the way in which any proposed

changes would affect the annual

maintenance cost and the beaches in

the vicinity.

In some countries there is a parti-

cular agency or department charged

with the study of these problems

—

in the United States it is the Beach

Erosion Board. In Canada the De-
partment of Pubhc Works, which is

responsible for the maintenance of

most harbours, has long been aware

of the problems but has not been able

to devote much time to detailed

studies. Toward the end of 1957 the

Department asked the National Re-

search Council for assistance, and in

early 1958 the National Research

Council Associate Committee on

Waves and Littoral Drift was set up.

The Committee has initiated a two-

fold program of basic investigation

and field measiu-ements using the fa-

cUities of the Department of Public

Works, the National Research Coun-

cil and Queen's University.

This paper deals with the question

of littoral drift and the Committee's

program under the following head-

ings:

Source of Littoral Material.

Rate of Supply.

Mechanism of Transport.

Theory of Waves.
Wave effect.

Remediai Measures.

Program of Investigation.

Source of Littoral Material

Lake Ontário (Fig. 1) which has an

area of over 7,000 sq. miles and a

mean water levei in the region of

Fíg. 1.
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246.0 ft. above sea-le\el occupies a

liniostone and shale basin foimecl in

an eail> geological peiiod which has
substHiiiently been scrapod out and
enlarged b\- glacial action.

OuttTops of bcdrock linicstone

occnr frecinenth- betwec-n Kingston
and Piesqnile, infrcqnently betvveen

there and Cobouig and not at ali be-

tween Cobouig and Toronto. The
o\-erbuiden on this north shoie con-

sists of .stiatififd .silt, .sand, gravei and
boulder cla>- ^ar^ing in depth from a

few feet to many hnndreds of feet.

The contours are .snch that there are

svvamps at the shore in .some áreas

and blnffs rising high above lake

levei in others, the Scarborough
Bluffs for instance, reaching a height

of nearly 200 ft.

Being of such a friable nature this

unconsolidated material offers little

resistance to erosion of any type and
once eroded is the prime source of

littoral material. A typical grading
curve for soil taken from the bluffs

to the west of Oshawa is shown in

Figure 2.

The agencies involved in shore

erosion are wind, surface drainage
and wave-action, the latter being by
far the most important. Having been
deposited by erosion at the base of

the bluffs and on the beaches near
them, this material is then subjected

to littoral processes. Since the ma-
terial along the bluffs is very similar

at ali locations it is virtually impos-
sible by mechanical analysis alone to

State the exact geographical location

of the source of any littoral material.

However, the net direction of travei

over long periods may be obtained
from aerial photographs or surveys.

Figs. .3 and 4 show the harbours of

Cobourg and Port Whitby. At Co-
bourg the littoral drift is west to east

as evidenced by accretion on the

west side of the harbour breakwaters

and depletion on the east. At Port

Whitby the net littoral drift is from
east to west as evidenced by deple-

tion to the west of the harbour.

Somewhere between Oshawa and
Port Whitby there is a null point.

Littoral drift may be toward the

east one day and toward the west
another. The direction depends upon
the chrection of the wave motion

while the rate of drift is some func-

tion of wave energy which in tum is

related to the fetch and to the wind
velocity. Thus the net drift at any
point will depend upon the direction,

duration and velocity of the winds
and upon the fetch or distance which
the waves travei. It seems that the

prevailing south-west wind in the To-
ronto-Scarborough area does not

cause as much easterly littoral drift

as the less frequent south-east wind
which has a longer fetch. Farther

east, where the relative fetch dis-

tances are reversed, the dii"ection on
the net drift is also reversed.

It is sometimes suggested that cur-

rents caused by the Niagara River,

which enters Lake Ontário from the

south, caused the littoral drift to the

west in the Scarborough-Toronto

area. The authors have examined this

theory and do not believe that it has

any basis in fact.

A typical profile of the shore on

the west side of Cobourg Harbour is

shown in Fig. 5 along with grading

curves of the beach material in Fig.

6.

It is interesting to note the excel-

lent grading of the material as well
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as the change in mean particle size

with distance from shore—the finer

material being found in deeper water.

Similarly graded sands found off the

Southern shore of Lake Ontário at

one time were a source of material

for construction purposes. Severe

erosion on these shores was righth"

or wrongly associated in the minds
of many with the remo\al of this

material. As a result—the authors

understand—the State of Xew York

now forbids the dredging of such

material \\ithin its State limits.

The Rate of Supply of Littoral Material

Since littoral material must be

supplied from the shore, the rate of

shore erosion is a measure of the rate

of supply. Because the process of

erosion is slow and the rate irregular,

measurement can be made onl\- by

comparing surveys or aerial photo-

graphs taken o\er fairly length\- in-

tervals. In the case of the Scar-

borough Bluffs to the east of Toronto

the erosion is reported to be of the

order of 1 to 2 ft. per >ear. Since

these bluffs are roughl\- 200 ft. high

the average annual contribution must

be about 300 cu. ft. of material per

ft. of shore line. Assuming that a

substantial proportion of the fines are

carried out into deep water and lost.

it is still exident that a mile of shore

could supply the annual dredge .U

Toronto Harbours eastern gap, namo-

1\ 36,000 cu. yd.

A sloping beach protects the shore

behind it by dissipating part of the

energy of the wave as it comes in.

For this reason erosion proceeds

faster during years in which high

w ater partially submerges the beaches

and allows a larger proportion of the

w ave energx content to be applied to

the shores. If the new dams on the

St. Lawrence make it possible to re-

Fig. .3.
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duce the fluctuations in the levei of

lake Ontário, the rate of erosion in

the future should be more uniform

than it has been in the past.

Figs. 7 and 8 are reproductions of

aerial photographs taken at Cobourg
Harbour with an interval of 23 years

between them. The lake levei in Fig.

7, April 1931, was around 245.0,

whereas in the summer of 1954, the

date of Fig. 8, the levei was around
247.5. The scale of these particular

photographs is such that it is virtual-

ly impossible to derive quantitativa

figures for the rate of erosion. How-
ever, there is definite evidence of

accretion to the west of the western
breakwater.

The Mechanísm of Transport
of Littoral Material

The transport of sediment or lit-

toral material may take place under
the action of:

(a) tidal currents;

(b) river and estuary currents;

(c) wind driven surface currents;

(d) waves and the currents and
movements generated by them.

As far as Lake Ontário is concerned
tidal currents are negligible, and the
Niagara River with its mean inflow
of around 250,000 cfs. would appear
to be quite incapable of causing any
httoral transport on the north shore.

(There is some evidence of density
currents due to temperature gradients
but—in the authors' opinion—none
on the north shore, due to the Niag-
ara River). Wind driven surface cur-

rents do not cause sufficient move-
ment below the surface to give risa

to appreciable transport of any sedi-

ment except perhaps very fine clay.

The main mechanism responsible

for the movement of littoral material
in Lake Ontário is wave action and
its associated long-shore currents.

Waves coming in at an angle to the

coast hne usually set up long-shore
currents at the breaker zone, and
such currents play a vital role in the

transport of littoral material. Even
the casual observer may note that

waves coming in at an angle to a

gravei beach carry pieces up the

beach in an oblique direction and

then roll them down again in a di-

rection at right angles to the water

line. Following such a zigzag path

the coarse pieces are thus transported

along the beach. It is easy to imagine

that farther out the sand and finer

particles stirred into temporary sus-

pension by the waves are being

moved in the same general direction

by the long-shore current. However,
despite the importance of the prob-

lem and the work which is being car-

ried out on it in various parts of the

world, the fundamental mechanism
of this transport is still imperfectly

understood.

As waves are the prime movers of

littoral material it may be well to

examine briefly the basic mathema-
tical theories of wave motion which
have been proposed.

Fig. 5. Profile of Accreting beach to the west of Cobourg Harbour.
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The Theory of Waves

Waves in general may be regarded

as being either of the oscillatory or

translatory type. Oscillatory waves
which originate in relatively deep
water often acquire many of the

characteristics of translatory waves
as they move into shallowing water.

The variables involved in the de-

scription of water waves are defined

below:

L = the wave length: the horizon-

tal distance between similar points

on two successive wave-crests meas-

ured perpendicular to the crest;

T = the wave period: the interval

of time between the passage of two
successive wave crests at a fixed

point;

c = the speed or velocity of the

wave: the speed with which an in-

dividual wave advances;

d = the depth of water measured
in a vertical direction from the still

water surface to the bottom;

H = the wave height: the vertical

distance from the crest of the wave
to the bottom of the succeeding

trough;

d/L = the relativo depth;

H/h = the w-ave steepness.

Oscillatoo' Waves
There are various theories regard-

ing the form of the surface of oscilla-

tory waves. The surface may be as-

sumed to be sinusoidal (Airy), tro-

choidal (Gerstner) or sinusoidal with

modifications (Stokes) which makes
the wave crest more pointed and the

troughs longer and flatter.

Irrespective of the wave form the

\elocity of the wave is given fairh'
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accui.itcK- b\' the expression:

since C =

tlie íovm

L
tliis can be vvritten in

bits, the major and minor diameters

of the elHpses depending on the rela-

tive depth in which the wave is

travelhng and the position of a par-

ticle lelative to the still water levei.

If tj is the depth of a particle below

the still water levei its elliptical path

is given by:

semi-major horizontal diameter =

and is plotted in Fig. 9 as such for

\arious periods T ranging from 1 sec.

to 10 sec.

It may be seen that in deep water,

usuall\- defined as depth exceeding

one half the wave length (d/L> 0.5),

tanh {2ird)/L is sensibly equal to

unity and hence c tends to^y(gL/2Tr)

In shallow water, usually defined as

depth less than 0.05 times the wave
length (d/ L<0.05), tanh 27rd/L tends

to 2ird/L and hence c tends ^oyjgd
It will be noted that the relation-

ship for c, T and L contains no ref-

erence to wave-height H. However,
nsing the Stokian wave theory the

relationship for velocity can be shown
to have the form

for the deep water case. Since in gen-

eral the steepness H/L of the wave is

small this additive term has little

effect and so the approximate ex-

pression

2 gL

is usually sufficient for ali practical

purposes.

In a wave the particles of fluid

are continually in motion. The par-

ticles of fluid in an oscillatory wave
system describe closed elliptical or-

H_

9

cosh (d - y)

sinh

semi-minor vertical diameter =

2

sinh
27r

(d - y)

sinh
2irdT

For deep water that is d/L > 0.5,

these reduce to circles of radíus given

by the relationship

. ,
H 2iry

radius at any depth y = — • e —j-

On the surface, y = O, the orbital ra-

dius is H/2. At a relativa depth, y/L,

of 0.5 the radius of orbit is sensibly

zero. Thus, in so-called deep water,

the passage of a wave is unnoticed

at depths greater than half a wave
length.

For shallow water, that is á/L<
0.05, the elliptical orbits do not de-

generate into circles nor die away
with depth. At y = d, that is on the

bottom, the particle oscillites back-

wards and forward in a straight line

with a whole amplitude of

n
sinh i2Trd/L)

Fig. 7. Cobourg Harbour—April 1931.
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whilst on the surface the particle has

a whole vertical movement of H and

a whole horizontal movement of

E
coth (2irrf/ L)

Thus oscillatory waves in shallow

water and in the transition between

deep and shallow are capable of car-

rying material into suspension and

into oscillatory but not translatory

motion.

Solitary Waves

The theor>- for the soHtary wave

supposes the existence of onh- one

wa\'e whose two Hmbs on either side

of the elevated crest decrease rapidly

in ele\ation away from the crest.

If y is the ele\ ation of the wa\ e-

form from the undistvu-bed levei an

infinite distance on either side of

the crest the equation for the surface

is given by

y = H sech'
X

26

where H is the height of tlie crest

abo\"e still-water levei,

.V is the horizontal distance from the

crest on either side.

h is a function of the depth d and

the wa\-e height H gi\ en b>- N arious

expressions of which the Boussinesq

solution is quite adequate, namely,

Tlie solitarx- wave in theory

stretches its limbs to infinit\- on each

side, but in pracHce it is found that to

ali intents and purposes the \olume

88
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of vvaiei" m the wave is contained in

a length equal to about four times

the depth on each side of the crest.

Hence there is the possibility that a

series of solitary waves in shallow

water, the proper distance apart,

could appear to be a tiain of waves

but behave as sohtary waves. Fig. 10

shows the profile of a typical sohtary

u ave.

The motion of the water particles

in a solitary wave is markedly dif-

ferent from the motion in an oscil-

latory wave. The sohtary wave gives

a horizontal movement which is sen-

sibly constant at ali depths and in

this respect is similar to the oscilla-

tory wave in shallow water. However,
the solitary wave motion is not an
oscillation but a forward movement
or translation. The forward displace-

ment as a solitary wave crest passes

through the undisturbed water is

given (appro.ximately) by 4v'dH/3,
the forward path being quasi-para-

bolic. This is explicable if one thinks

of the particles moving forward with

the crest and remaining displaced

until the next crest passes through,

since in a solitary wave there is no
real trough to impait a backward
motion.

Wave Energy

The energy contained in an oscil-

latory wave in deep water consists

of potential and kinetic energy. It

may be shown that the total energy
contained in such a wave is given by

1/8 • w L H-

ft. Ib. per ft. of crest length.

The total energy contained in a

Fig. 8. Cobourg Harbour—summer 1954.

solitary wave also consists of potential

and kinetic energy and may be shown
to have a value given by

8/(3V3)-w- ^HY
ft. Ib. per ft. of crest length.

As stated above, most of the vol-

ume of the solitary wave is located

near the crest; the total energy con-

tent is even more concenti-ated, 98%
of it being located within a distance

equal to 2d on either side of the

crest.

With the theory as background, the

effect of waves upon the shore will

now be examined.

Wave Effects

Oscillatory waves are normally gen-

erated in deep water far from shore

Fig. 9.

200

by the action of the wind. The wave
motion so generated moves shore-

wards, usually picking up more ener-

gy from the wind as it goes.

To an observer these waves in deep

water appear to be rolling in towards

the shore in a manner which suggests

that any floating or suspended ma-
terial would be carried with them.

In fact the forward motion is far

more apparent than real since, as

has been stated, the water particles

move in nearly closed circular orbits

and have little or no net movement.
As the waves move into shallowing

water when the shore is approached

they are effected somewhat by the

resistance of the bottom and the cir-

cular orbits tend to be flattened into

ellipses.

A storm wave of 4 sec. period in

deep water on Lake Ontário, for e.x-

ample, would have a wave-length of

about 80 ft. as shown in Fig. 9. Such
a wave would not be felt on the bot-

tom until the depth of water was less

than 40 ft. As it continued shoreward
in ever shallowing water it would
be slowed down, with an accompan\ -

ing decrease in wave length. Since

the energy of the wave in deep
water can be modified only by loss

due to bed friction as it moves shore-

wards, the shortening of the wave
length in shallowing water is accom-
panied by a steepening of the wave.
At a depth of 16 ft. its length would
be reduced to about 72 ft. and its

height might be shghtly increased (if

there were no loss of energy the

height would be increased by about

IO 15

DEPTH OF WATER d FEET

VSO/72, (or5%).

The total energy possessed by a

wave in deep water has been stated
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l't. Ib. per ft. of crest longth.

B> niatheinatical analysis it may be
shown that, to a fiist approximation,

tlic oncrgy tiaiisinittod foiwaid from

dcep water towards tlie shoie is one
haif of the total, nainely

1 l(i • w L lí

ft. Ib. ixT l't. of cTcst length.

Since the period of the wave is T
sec. the energy tiansmitted per sec.

is

1 16- (L T) if

ft. Ib./scc. per ft. of crest length.

For the wave under discussion (T =
4 sec., L = 80 ft.) the horse power
transmitted forward is

62.4 X 80 , _ if

16 X 4 X 55Õ ~ y
per ft. of crest length.

If this wave has a height of 4 ft.

from crest to trough—a not uncom-
mon height during a moderate storm

—the power which must be dissi-

pated is of the order of 2 h.p. per ft.

of shore-line. It is little wonder that

waves often damage marine struc-

tures since so much power is avail-

able.

As stated previously, the oscilla-

tory wave, whose profile in deep
water is approximately trochoidal,

tends to become steeper as it moves
into shallowing water and this is ac-

companied by a flattening out of the

trough. In this way its profile be-

comes more like that of the so-called

solitary wave. The 4 sec. period wave
in a depth of 16 ft. would have a

wave-length of about 72 ft. A soli-

tary wave has been stated to have
sensibly ali its energy contained in a

distance equal to twice the undis-

turbed depth on each side of its crest

—in this case a distance of 32 ft.

UNDISTURBED LEVEL

ORIGINAL SHORELINE
ACCRETION

DRIFT

\\\^ n / n n I n / n / / / / / \ \ \ \\
PROFILE OF SOLITARY WAVE -

Fig.

Thus solitary waves would act as

such at any spacing greater than 64

ft. Since the crest to crest length of

the oscillatory wave would be greater

than this, namely 72 ft., it would
seem reasonable to liken the action

of the oscillatory wave in this depth

of water to that of a soUtary wave
unaffected by the waves preceding

or following it.

This postulation has been con-

firmed by some (but not ali) labora-

tory experiments. It has been sug-

gested that for any given depth of

water and height of wave there is

a criticai period below which the

motion is oscillatory and above which
the motion is effectively translatory.

If the actual wave-period is greater

than this criticai period the oscilla-

tory waves may be expected to as-

siune the characteristics of a sequence

of solitary waves which give rise to

pronounced forward displacement of

bed material. This criticai period may
be shown to decrease with the shal-

lowing of the water and also to de-

crease with increasing wave height

for a given depth of water.

The translatory action would ac-

count for the deposits of sand found

deep in the harbour áreas. It is pos-

sible that a storm of a few days'

duration, with long period waves act-

ing as solitary waves when they reach

the appropriate depth of water, is

capable of giving rise to niost of the

Fig. 11.

TYPICAL EROSION ACCRETION PATTERN DUE TO
A HARBOUR

^^^^^^ n i / / / www / / /
—

-DEPTH d TWICE WAVE-HEICHT H

10.

year's deposit. In this connection it

is worth noting information in the

records of the Department of Pubhc
Works concerning the dredging of

Port Traverse :

"Average re-dredging per year

1310 cu. yd. During the 1954 con-

tract approximately 2,000 cu. yd.

entered the channel during the dredg-

ing operations and the dredge was
bogged down".
The direction of tra\'el of a deep

water oscillatory wave is determined

by the wind direction in its genera-

tion area and to some extent by the

winds farther along its course. If it

approaches a sloping beach at an

angle, it refracts—the portion of the

wave reaching shallo\\er water first

slows up, tending to bring the crest

into alignment with the underwater

contours and the shorehne. As the

wave proceeds into even shallower

water the lower portion is increas-

ingly retarded by the bottom while

the crest becomes steeper and even-

tually falis forward or breaks, usualb

when the ratio of wave-height to

depth is in the vicinity of 0.7. W hen

the wave breaks an extremeK* con-

fused and turbulent state of flow

exists. The momentum of the break-

ing wave crest will carr\' the water

up the shore along with particles of

sand and gravei. The return flow

usually occurs over a longer period,

and, as it is not so \ioIent there is

a tendency for the heaxier particles

to remain farther up the beach. This

gives rise to the grading of the ma-

terial on the beach—the finer ma-

terial being carried farther out.

Because the approaching waves do

not usuall>- refract sufficienth- to

break completeh' parallel to the shore,

swash from the breakers has a com-

ponent of \'elocity along the shore

and consequently the beach material

is carried up at an angle. It is

brought back by the return flow in a

direction more nearl\- normal to the

shore-line, thus travelling in a zig

zag path along the shore b\- the pro-

cess known as beach drift. Since the

waves can attack the shore at any

angle the direction of this motion in
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the breaker zone, wheie most of the

littoral movement is thought to occur,

may change frequently, but over a

period of time there may be a net

movement in a definite direction, evi-

dence of which has been presented

in Figs. 3 and 4.

It has long been thought desirable

to relate the amount of httoral mater-

ial moving past a given líne normal

to the shore, which under storm con-

ditions might well be several hund-
red cu. yd. per day, with the energy

cr momentum of the oscillatory waves
off-shore. Unfortunately an empirical

relationship derived for one lo-

cations is apt to be incorrect when ap-

plied to another. From records of

wave height, H, wave length, L and
direction of approach to the shore

(the incident wave making on angle a
with the shore), the long-shore com-
ponent of energy over a period of

time may be computed. The rate of

littoral drift may then be written in

the form

Rate of Littoral Drift = Constant

X L X X sin a. Unfortunately the

so-called constant is far from constant

and seems to be affected by some or

ali of the following factors:

(a) , the size and density of the

beach material;

(b) . the slope of the beach;

(c) . a term akin to Reynolds num-
ber since certain features of model
work do not appear to agree with

either larger scale models or prototype

results;

(d) , the temperature of the water
and its viscosity;

(e) . the relationship between the os-

cillatory and translatory nature of the

w ave prior to breaking.

The knowledge gained from labora-

tory and field studies will eventually

lead to a more complete understand-

ing of the items discussed above.

Remediai Measures

The formation of a beach at the

l)ase of eroding bluffs provides a

partial barrier to further erosion since

much of the energy of the oncoming
waves may be spent before reaching

such bluffs. Short of sheet-piling the

perimeter of the lake the beaches
form an indispensable and natural

protection for the shores. Drifting of

these beaches is inevitable, but so

long as the beach is nourished by an
amount equal to its annual loss it will

maintain a sensibly stable state.

Off-shore breakwaters limit the

amount of incident energy striking

a beach and slow down the rate of

drift in their shadow. Fig. 11 shows
the off-shore breakwaters at High
Park, Toronto and the accumulation

of drift behind them.

Drifting material in the vicinity

of a harbour is the prime source of

silt or sand in the navigation chan-

nels; Fig. 12 shows the typical pat-

tern at such a harbour. The rate of

movement of sand on the updrift side

of a harbour may be reduced by the

use of groynes. This decreases dredg-

ing costs until the groynes fill up
with drift material and the whole

process starts to repeat itself. Un-
fortunately, during such a period

movement will continue downdrift of

the harbour and, since little mater-

ial is being supplied, erosion of the

beach and shore will result.

In lieu of groynes it is sometimes

feasible to locate the harbour break-

waters so that the drifting material

is carried out into deep water. Failing

this it may stiU be possible, by suit-

able placing of the breakwaters, to

limit the rate of deposition in the

navigation channel to something that

can be dealt with by occasional as

against annual dredging. The rate of

erosion of the shore downdrift of the

harbour may be so slow that it is

not objectionable. If, however, the

rate of erosion is serious it may often

be decreased by "nourishing" the

beach. This nourishing may be

achieved by mechanical dumping
or by means of a by-passing plant

which pumps sand from the updrift

or accreting side of the harbour to

the downdrift or eroding side.

The control of littoral drift in order

to reduce or eliminate damage is often

difficult and expensive. The decision

on each proposed solution should be

based on the ratio of the probable

annual benefits to the annual cost.

Inherent in the difficulties faced by
engineers in considering remediai

measures for the harbours on Lake
Ontário is the paucity of information

on the following items:

(a) , the type of material which
moves as littoral drift;

(b) . the quantities of material which
move as littoral drift;

(c) . the wave conditions causing

the movement;
(d) , the regions and depths where

this movement occurs;

(e) . the occasions and periods dur-

ing which significant amounts are

moved.
With a thought to the various rem-

ediai Solutions which have been tried

elsewhere, not always with conspic-

uous success, and the information re-

quired both from the field and from
the laboratory for their implementa-

tion, the National Research Council

Associate Committee is proceeding

along the following lines with its

program of investigation.

Program of Investigation

The field information required to

plan remediai measures is

(a) , long term wind records;

(b) . long term wave records;

(c) . long term records of the rate of

movement of littoral material.

The information available consists

of wind records for the Toronto and
Trenton áreas which indicate wind
speeds and directions by only 45° sec-

tors, aerial photographs and surveys

of the shoreline indicating the amount
of past erosion and records of the

dredging carried out annually b\' the

Department of Public \\'orks. The

(Continued on page 100)
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CBC STUDIOS 7 AND 42-

VIDEO AND AUDIO FACILITIES

N. R. Grover, M.E.I.C., Supervising Engineer,

Plant Depmtment
CBC Engineering Headquarters, Montreal, Que.

THE CBCS most modern television

studios are the tvvo placed in ser-

vice in October 1958. Technical

facilities for Studio 7 in Toronto and
Studio 42 in Montreal had been under
installation and planning for nearly

a year prior to their opening, and
represent the latest in CBC engineer-

ing and operational concepts.

Both studios are located in new
buildings constructed on property ad-

joining existing CBC plants. These
buildings house, in addition to the

studios, shops, storage áreas, dressing

rooms, makeup rooms and other

ancillaries. Both studios have been
initially equipped for monochrome,
though space is available for con-

version to color. Studio 7 in Toronto

is 70 ft. wide, 90 ft. long and 40
ft. high. Studio 42 in Montreal is 70
ft. wide, 95 ft. long and .30 ft. high.

Since the video and audio installa-

tions for both studios are very simi-

lar, a detailed description of the

facilities of Studio 42 Montreal will

be given first, and later, items of in-

terest which concern Studio 7 alone

will be covered.

General

Fig. 1 shows the la\'out of Studio

42 Control Rooms. The complete

length of one studio wall on the

second floor levei is occupied by the

Lighting Control Room, the An-
nounce Booth, the Audio Control

Room and the Video Control Room.
A video equipment rack area is

located off the video control room.

Video Facilities

A production desk seating program
production personnel, the technical

producer and the video switcher

operator, occupies the center of the

room. In front of this desk is a large

windou" to provide a view into the

studio. Immediately below the win-

dow, in a well in the floor, are located

17 in. video production monitors

which provide the production person-

nel with continuous monitoring of ali

cameras, telecine and two line inputs,

as well as output, cue, mix and pre-

view.

To the right of the production desk

(see Fig. 2) are the camera con-

trols. and on the left of the

camera controls is a camera patch

panei. \"ideo equipment racks to the

right of the production desk, and past

the camera controls, house video

patching facilities, video and pulse

distribution amplifiers and test equip-

ment. Other video equipment. includ-

ing the video mixer, is housed in the

racks w hich are further remo\ed from

the production area.

The camera patch panei is used

to connect an>- one of the four

camera controls to any of eight

camera bulkhead connectors which

are located around the perimeter of

the studio (four spare positions can

be filled later if requii-ed). The four

cameras in the studio can thus be

connected to the most convenient

bulkhead connector and be routed

\ ia the camera patch panei to th(

desired camera control uiiit. Cabl^

lengths from the patch panei to tlii

bulkhead outlets ha\e ali been madi

tlie same length. This ensines that no

matter where cameras are used in

the studio there is no problem with

regard to different timing in the video

signals at the vision switcher.

For the present, four monochronio

cameras have been provided. Thesr

Studio 7 Interior
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cameias can be equipped vvith either

3 in. or 4V2 in. image orthicons. Pro-

\ision is made for the addition of a

lifth Camera if required. Grating

ijenerator signals, fed to the camera

controls, may be superimposed on the

Lumera control picture monitor to aid

iii geometric ahgnment. The camera

\ie\vfinder is normally fed from the

(lutput of the camera control unit,

hut special feeds may be switched in

hy the camera control operator to

issist camera operators in special ef-

tects. Picture weave for any camera

inay be selected and controlled from

the vision mixer position. Weave ef-

tects are achieved by using an audio

oscillator to modulate the camera line

scan circuit.

As can be seen in Fig. 3, the out-

put of each camera is fed to a bank

of distribution amplifiers which pro-

\ide feeds to production monitors,

the vision mixer, picture match
switching and spare outputs for any

special requirements. Individual feeds

from distribution amplifiers rather

than looping or bridging feeds have

been providéd for the above and
other facilities for two reasons. First,

the looping and bridging of video

Hnes, especially vvhen the bridging

point is far removed from the line

termination, may introduce line dis-

continuities, vvith consequent reflec-

tions and high frequency loss. Second,

looped lines do not lend themselves

to the rapid replacement of defective

equipment without affecting other

facilities fed by the same line.

The picture match monitor located

at the camera controls permits the

visual matching of ali cameras on one

high quality monitor. Sequential

viewing of camera outputs is ob-

tained by push button controls at the

camera control operator's position.

This monitor can also be switched

to a special pre-patched signal and
to the studio main output. As with

the camera control picture monitor,

grating signals may also be super-

imposed on this monitor by a svvitch.

Equalized input lines from Master

Control cater for telecine, other

studios and remotes. These also are

routed to banks of distribution ampli-

fiers to permit multiple use.

The vision mixer comprises a con-

trol panei and two equipment racks.

It will handle twelve inputs and pro-

vides one main output, a preview

output and two mix outputs. Non-
composite or composite, synchronous

or non-synchronous signals can be
accepted. The switching section of the

mixer is a six levei, 15 input 6 output

video crossbar. One levei is used

for video switching and the remaining

leveis for tally, hold, lap-gap and
sync non-sync switching. A big ad-

vantage in the use of a crossbar for

video switching is the relatively low
cost and small space required for

quite comprehensive facilities. The
crossbar itself is compact, and due to

its low capacity presents no loading

problem even when ali video ouptuts

are connected to one input. Because

of the low loading effect only one

standard input amplifier is required

to feed each input and it is not neces-

sary to provide isolated feeds to each

input, output combination.

The top row of push buttons control

the preview bus, and select the out-

put to the production preview moni-

tor and to the switcher operator's

master monitor. Selection of any
input or any of three "mix" feeds is

possible on this bus. The master moni-

tor can also be switched to output

by means of the push buttons to the

right of the preview buttons. The
second row of buttons control the cut

bus, and select the signal which is to

be switched to the main output, the

selection is as the preview bus selec-

tion, i.e. any input or "mix" feed.

Fig. 1. Studio 42 Control Room Layouts
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Fig. 2. Studio 42 Video Control Room

Vhc tliin.1 aiul touith low of but-

tons avo known as niix 2 and loute
aii\- iuput signal to a mixing ampli-
iicv. tlit' Dutput of which is contiolled

1)\ tlic two quadiant faders to the
I iiílu o( tliese busses. The two push
buttons bctween the Mix 2 busses
and tlu" tader arms will substituta a

sprcial ettects unit for the mixing
anipIifiíM-. The fifth and sixth row of

buftous are known as Mix 1 and are

similar to the Mix 2 busses.

As mentioned previously, the out-

puts from the two mixing amphfiers
are routed to the "cut" bus as Mix 1

and 2. Additionally, the outputs of

these two mixing amphfiers are fed
to a tliird mixing ampHfier which is

controlled by the fader arms at the

far right of the panei. The output of

this third mixing amphfier appears at

tlie cut bus as Mix 3. The output of

tlie cut bus feeds a stabihzing am-
phfier which back porch ckimps the
signal to maintain correct black levei

and inserts a local or reconstituted

sync signal.

The toggle switches at the top of

the control panei are set for syn-

chronous or non-synchronous inputs

as appropriate, and control sync in-

sertion in both the stabihzing amph-
fier and switcher video monitors. The
stabihzing amplifier controls are

mounted on the upper right hand
corner of the control panei and per-

mit signal adjustment if necessary,

though they are normally preset. Non-
synchronous signals cannot be handled
on the mix busses, but a fade of this

type signal on the cut bus is possible

by utilizing the stabihzing amplifier

"Picture Fade" Control.

Input lines to the vision mixer
are isolated from the slight capaci-

tíve effect of the crossbar by 6 db.

resistive pads. The loss is made up in

subsequent amplifiers.

One of the problems in any video
switching operation is the avoidance
of flashing or transients which may
occur during the switch and which
may be quite objectionable to a view-
er. If it is arranged that there is an
overlap of a few microseconds of the

two signals being switched, the transi-

tion from one signal to another will

be freer of objectionable flashing than
if there is an actual finite break be-

tween the end of the first signal and
the beginning of the second. The
former type of switching is known
as lap switching and the latter, gap
switching. In many more complicated
video switcher designs there is isola-

tion between the various input output
combinations, and no intraction can
occur when an input already in use

on one output bus is also switched to

a second output bus. Consequently ali

busses are arranged for lap switching.

In the video crossbar system how-
ever there is no isolation between the

various input output combinations. If

ali busses were arranged for a lap

switching the selection of an input,

on a mix bus for instance, which was
already in use on the cut bus, could

cause momentary crosstalk and transi-

ents. The problem is avoided in this

vision mLxer by the use of special

control circuitry in the crossbar, which
is so arranged that the bus which is

routed to the switcher output at a

given moment will always switch lap

and therefore be transient free, while

ali other busses will switch gap. This

arrangement works very satisfactorily

since any transients occuring in busses

not routed to the switcher output are

not important.

The design of the mixer is such

that is possible to:

1. Cut from any input to any other

input;

2. Fade from any input to any other

input;

3. Mix from any synchronous input

to any other synchronous input;

4. Superimpose two, three or four

synchronous inputs simultaneous-

ly;

5. Superimpose two synchronous in-

puts and a special effects:

6. Cut from any input to any super

imposition;

7. Mix from one superimposition to

another;

8. Fade from any input to any super

imposition or special effect.

The main output from the mLxer

(see Fig. 3) is fed by and equalized

line to Master Control. A second out-

put feeds distribution amplifiers

which are used to supply various

monitors throughout the studio and
the building. Failure of individual

mixer components wiW not completely

disable the mixer as patching facilities

permit by-passing sections as re-

quired.

\'ideo tie lines are provided from

the video patch panei on the racks

to convenient locations in the studio

for cue and special effects purposes.

Pulse System & Sync Locking

There is no s\ nchronizing genera-

tor in this studio. Drive. blanking and

sync signals are supplied b>" lines

from Master Control. The operation

of Studio 42 is linked with the pulse

distribution and sync-loc system of

the Montreal TV plant. There are

four s\nc generators in TA' Master

Control. These generators feed drive,

blanking and syne signals to a six levei

4 input 20 output video crossbar. The
generator feeds are terminated at the

end of the crossbar and bridging am-

plifiers are connected to each output.

Push button controls in Master Con-

trol permit an>- telecine, or studio, or

gioups of telecines and studios, to be

connected to an\- s\nc generator.

Three of the s>iic generators are pro-

vided \\ ith s\"nc-loc facilities, fed with

stripped s\nc from input stabihzing

amplifiers. With the above arrange-

ment it is possible to operate the

whole plant from one s>tic generator,

or to sectionalize the plant into groups

using different s\mc generators. An
example of operation in Studio 42

could be as follows: Studio 42 and
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Telecine 1 are switched to sync genei-

ator 1; Telecine 1 video, audio

and intercom are patched to Studio

42. Variable delay lines in the pulse

feeds in Studio 42 are adjusted to

compensate for the time delay in the

Telecine 1 feed. Telecine 1 may now
be used as a synchronous input to

Studio 42. Similarly, it may be ar-

ranged for any other local studio or

telecine to be used by Studio 42.

Should it also be required to use a

remote studio, an outside broadcast,

cr a network program with Studio

42 on a synchronous basis, sync gen-

erator 1 is sync-locked to the remote

signal, thus making Telecine 1, Studio

42 and the remote signal ali synchron-

ous. This sync system is extremely

flexible and permits many special

set-ups to be made with ease. Require-

ments for this flexibility arose from

CBC operations which involve servic-

ing two major French and English

networks, Canadian insertions on
American network programs and, in

the case of Montreal, the program-

ming of French and English local

transmitters.

Audio Facilities

To the left of the production desk

in the video control room and separ-

ated by a sliding window, lies the

Audio Control Room. The audio con-

sole faces the studio, with a window
to provide a view of the studio floor.

Also in front of the audio console are

two 8 in. video monitors and intercom

facilities. Two turntables and one tape

recorder/reproducer are located to

the left and right of the console. Be-

left of the Audio console and is

hind the audio console, and forming

part of the back wall of the audio

control room, are the audio and in-

tercom equipment racks.

The Announce Booth lies to the

equipped with video and audio mon-
itoring facilities and a control turret.

The latter permits the announcer to

switch his own microphone on or off

as desired.

Fig. 4 shows the audio func-

tional diagram. Thirty-eight micro-

phone inputs, from conveniently loca-

ted microphone connectors around the

perimeter of the studio and from the

lighting grid, terminate in the audio

console. Two turntables and one tape

unit feed into the console, from which
position they may be stopped and

started remotely. Six input lines from

Master Control and ten trunk lines to

the Studio audio patch panei are also

available.

The audio console comprises the

control console and two equipment
racks. The control console houses ter-

minais, potentiometers, transformers,

pads, switches, jacks and "VU" meter,

while the racks contain amplifiers and

power supplies. The left hand wing

houses a console patch panei which

permits the patching of any micro-

phone input, turntable, tape machine

or line from Master Control into any

of 32 console inputs. These 32 in-

puts are connected to 16 input pre-

select keys which are located just to

the right of the jack panei. Through
these input select keys it is possible

to route, simultaneously, 16 of the 32

inputs to the 16 preamplifiers. Im-

mediately below the input select keys

are 16 submaster select keys. These

keys permit allocating any or ali of

Fig. 3. Studio 42 Video Functional
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Fig. 4. Studio 42 Audio Functional

the preamplifier outputs to any one

of three submaster contiols.

The center panei of the console is

the main operating aiea. The lower

left and right sections house sixteen

potentiometers and associated on-off

keys which control the individual pre-

amplifiers. The lower center section

houses the three submaster controls

known as red, green and amber.

Above- the submaster controls is a

"VU" meter. To the right of the "VU"
meter is the master gain control and
the output key. To the left of the

"V\J" meter are the meter select keys
which permit monitoring the various

console outputs, and further to the

left are high and low pass filter con-

trols. The filters may be patched into

any desired circuit and used for

various effects.

Directly above each preamplifier

potentiometer is a frosted glass win-
dow which permits the write-in of

input designation. This window
glows red, green or amber, depending
on the submaster to which the par-

ticular preamp has been assigned. To
the left of each pre-amp on-off key
is a small pilot light which is illumi-

nated when the key is on. At the same
time, a pilot light associated with the

input preselect key, on the left hand
panei, is also lit, to warn that the

channel is live. The preamp on-off key

may also be operated so as to extend

remote control of the channel to an

announcer.

The right hand wing of the con-

sole houses auxiliary output and mon-
itoring controls. There are four aux-

iliary outputs from the console.

Self-illuminated push buttons, on

the right hand panei, permit the rout-

ing of any preamp output, any sub-

master output or the main output,

through any auxiliary channel. A gain

control is available for each auxiliary

channel, and the console "VU" meter

may be switched to any channel for

signal levei monitoring. The auxiliary

outputs may be used to feed a rever-

beration facility, studio floor cue

speakers, special recording feeds, pub-

lic address systems and for other

special purposes. The monitor speak-

ers for the control room and studio

are also fed from similar switches and

gain controls on the right hand panei.

In order that audio inputs may be

switched simultaneously with video

for special purposes, two special re-

lays have been included in the audio

console. Microphones or other inputs

can be patched through these relays

and will be switched on and off as

the relays are operated. Control of

the relays may be routed by patching

to any one of the video switcher

input select buttons on the cut bus.

With this arrangement it is possible

to have both audio and video

switched simultaneously by the vision

mixer operator. and thus ensure the

synchronism of sound and picture

where complicated programming re-

quirements might otherwise cause

difficult\'.

Intercorri Facilities

One of the most important and the

most complex of the technical facil-

ities for a television studio is its in-

tercommunication s> stem. It is essen-

tial that a rapid flow of information

and orders ma\- pass between the

control roonis and die multitude of

people engaged in a television pro-

duction. To achieve this end. sexeral

methods of intercommunication are

used. Personnel, who must hear the

producer at ali times, are equipped

widi headsets if located on the studio"

floor, and with small loudspeakers

located in separate control rooni>

The\' are connected at ali times to tlu

producers talkback microphone out-

put. Such people are cameranien, the

audio operator, the floor nianager and

assistants. In the case of the floor

manager, a special one-wa>- radio fre-

quency intercom s\stem permits hini

to receive the producer's talkback
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vvithout being encumbered by trailing

wires. He may talk back to the pro-

ducer by using special wired intercom

microphones, which are available

about the studio and connect to the

production control room speaker. Of
course if the progiam is only in re-

hearsal he may talk back through

one of the audio microphones. Reg-

ular two-way wired intercom head-

sets are also avaikible for the floor

manager, if required.

Other locations such as the studio

floor, telecine, remotes, lighting con-

trol room and dressing rooms are

switched into the general intercom

system as the producer requires. The
technical producer has facilities du-

plicating those of the producer,

though ali are on a switching basis.

The audio operator, also on a

switching basis, has facilities for talk-

ing to the studio floor, the sound
effects operator, the boom operator,

telecine, the announcer and the pro-

duction control room. The lighting

operator can communicate with follow

spot men and the production control

room.

The Camera operators have two-
way intercom with the camera con-

trol operators and are connected to

the production control room speaker.

Ali intercom positions are also sup-

plied with program sound, and just

prior to the start of the program re-

ceive a sound cue from the program
preceding. Individual automatic gain

control amplifiers have been provided

to control intercom microphone leveis,

and output amplifiers permit adjust-

ment of headset and speaker feeds to

standard leveis. In addition, each
headset and speaker is individually

equipped with volume controls, per-

mitting the user to adjust them to

suit his own requirements.

Test Equipment

Audio test equipment consists of an
audio frequency generator, a noise

and harmónio distortion meter and an
extended range "VU" meter.

Video test equipment comprises a

video sweep generator, a multi-fre-

quency burst generator, a staircase

t>'pe linearity checker, a window gen-

erator, a grating generator and oscil-

loscopes.

Miscellaneous

The equipment racks used in this

installation are a special CBC de-
' sign, and are ventilated by four

ducts which form the four ver-

tical corner members of the rack.

Cooled air from the studio ventila-

tion system is fed to the ducts at the

top and directed, by circular vents

in the inner sloped side of each duct,

against the front and rear of rack

mounted equipment. Exhaust outlets

are situated externai to the racks in

the ceiling, and remove the hot air

from the racks before it can circulate

in the room. Conventional room ven-

tilation is also provided. Experience

with this type of rack has shown a

marked improvement in equipment
stability and a reduction in mainte-

nance requirements due to the re-

duced operating temperatures of

equipment. One rack may carry

equipment which dissipates up to 4.5

kw. As a satisfactory average it has

been found that an airflow of 50
c.f.m. per duct of 50° air is suitable.

The ventilation system takes care of

an equipment heat load of about 25
kw. in the control rooms.

Video and pulse amplifiers are of

the plug-in type, permitting rapid re-

placement in the event of failure. Ad-
ditionally, patching facilities for the

complete system are so arranged that

defective components, whether video'

or audio, can be rapidly bypassed or

replaced.

Hydraulically counterbalanced cam-
era pedestais and a power operated

crane, ali equipped with a new type

springless pan-and-tilt head, have
been provided as camera mounts. The
pan-and-tilt head is so designed that

no matter in what position the cam-
era is placed its center of gravity does

not change height, and consequently

the camera is always stable.

A new type artificial reverberation

unit, which consits basically of a

large steel plate with input and out-

put transducers welded to it, has been
provided in lieu of the usual rever-

beration room. Reverberation times

varying from one half a second to

over five seconds can be remotely se-

lected by the audio operator. From
limited experience to date this unit

appears to be much more satisfactory

than the rooms usually provided.

Studio 7 Toronto

As noted previously, the Studio 7

installation in Toronto is essentially

the same as the Studio 42 installation

just described. An additional facility

provided in Studio 7 is a separate

Sound Effects Room with special

turntables, tape machine and small

audio console. This permits recorded

music and complex effects to be

routed as a single input to the main
audio console. In Studio 42, sound

effects are usually obtained from the

studio floor.

An interesting problem arose in

connection with the Studio 7 video

installation. The building in which
Studio 7 facilities are housed is a

separate unit from the main TV plant,

and separated from it by about

100 ft. Two separate power en-

trances and watermain entrances

serve the two buildings. Early in the

project it was found that the ground
potential between the two buildings

was of such magnitude that when a

video signal was fed by coaxial cable

from one building to the other, the

longitudinal noise voltage was on
occasion so severe as to make the

video signal unusable. Several avenues
of investigation toward a solution were
open, but the simplest appeared to be
to prevent the difference in ground
potential from inducing an unwanted
voltage onto the video signal. Fortun-

ately a device known as a lon-

gitudinal stop coil, produced by a

British firm, was available for test.

This stop coil consists of a coaxial

cable about 100' long wound in a

toroidal form on a magnetic core.

Stop coils have been placed in ali

coaxial cables joining Studio 7 to the

TV Master Control, and entirely elim-

inate hum voltages up to approxim-
ately 10% of the video signal.

As noted above, Studio 7 is in a

separate building to the TV Master
Control, and ali video audio and in-

tercom circuits connecting the two
locations are carried by a special mes-

senger cable which joins the two
buildings. Video and pulses are

handled by two specially constructed

cables each made up of ten coaxial

cables with an overall covering of

polyethylene. Audio and intercom are

handled by two 26 pair telephone
type cables also provided with a

polyethylene covering.
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SOME FUTURE DEVELOPMENTS
IN THE TELEPHONE INDUSTRY

S. G. Anderson

SINCE THE ARRIVAL of nation-

wide network television in Canada,

niuch has been said about our Trans

Canada Microwave Network. This

system known as the TD-2 Radio Re-

lay System, operates in the 4000 mc
band and is capable of carrying

3,000 telephone circuits or five 2-way
T.\'. network channels over distances

of 4000 miles. Remarkable as this is,

a system now undergoing trials oper-

ates in the 6000 mc band and will be
capable of carrying up to 13,320

telephone circuits or six 2-way T.V.

channels over distances of 4000
miles.

Looking further into the future,

we know that if a stable extremely

high frequency signal of say 50,000

mc could be generated and this pro-

pagated by some means between two
points without undue loss, that a very

large channel bandwidth can be ob-

tained. This radio frequency carrier

can be used to transmit a multitude

of T.V. channels and many thousands

of telephone circuits. (Table 1)

Both the TD-2 and TH Systems

make the maximum possible use of

the available frequency spectrum (i.e.

.3700-4200 and .592.5-6425), assigned

by the Department of Transport. Now
let US assume that equipment oper-

ating in the 50,000 mc band was
available for use, add this to our

table and see what circuit capacity

we have in hand. Assuming the same
percentages in frequency spectrum

and channel spacing as for the TD-2
system, and assuming 25% of the

available channels are held for pro-

tection purposes, we find 61 working
channels available for message use.

At 2200 telephone circuits per RF
channel, this system would provide

US with approximately 133,000 tele-

phone circuits, or 61 2-way tele-

vision channels. Even the most avid

T.V. fan would consider this number
of T.V. channels adequate.

The next question is: how do we
transmit a 50,000 mc signal from

city to city? Since this signal is too

high in frequency to travei through

the atmosphere without extreme at-

tenuation, experiments are underway
in the Bell Telephone Labs. to deter-

mine if this signal can be success-

fuUy transmitted down a hollow pipe

or waveguide using a certain mode
of propagation in the waveguide
(TEOl) . . . We can visualize our

cities of the future connected together

by a network of communication pipes

with repeaters every 40 miles or so

amplifying signals of 50,000 and per-

haps 100,000 mc.

By utilizing the \ast Communica-
tions highway that is being estab-

lished across the country, operators

have been able to dial directly to

numbers in distant cities in ali parts

of North America. Already in some
parts of North America, telephone

users are able to dial their friends in

distant cities directly, without the

help of an operator. With each suc-

ceeding year many more will be able

to dial their own long distance calls

to many of the 65 million and more
telephones in Canada and the U.S. A.

The present type dial on your tel-

ephone operates equipment by inter-

rupting a d-c. loop between your

house and the telephone office at

the rate of ten impulses per second.

On long distance circuits however, it

is not possible to provide d-c. paths

to operate equipment and multi-fre-

quency tones are employed.

With the multi-frequency pulsing

system, six frequencies spaced 200

cycles apart from 700 to 1700 cycles

are used. Two of these frequencies

are used for each pulse and each

pulse represents one digit. There are

15 pairs possible from a group of 6,

and 10 of them are used for the

digits O to 9 inclusive. One each is

used for signalling the beginning and
end of pulses. These multi-frequency

tones can be sent out over the toU

line by means of what we call sender

equipment in the toU office. The
operator causes this sender to func-

tion by pulsing into it with d-c. ke>'

buttons. Such senders store the pulses

and re-transmit multi-frequencx" puls-

ing signals to the toU line at the

rate of seven digits per second. (2L-

5N number is transmitted in one sec-

ond).

The average speed of keying by an

operator is t\vo digits per second.

which is about twice the axerage

speed obtained by the dial. This

speed of ke\ ing along with the rapid

transmission rate of these signals

along the toll circuit. represents a

large saving in operator and circuit

usage time. The day may come when
this little key set will replace the

present dial on your telephone.

We are now thinking in terms of

world wide Communications. Late in

1956, the first Trans Atlantic tele-

phone cable went into service be-

tween Europe and North America.

It provides 29 telephone circuits

between London and New York, and

six between London and Montreal.

Se\'en of the New York and London

circuits ha\"e been extended to con-

tinental network centers.

From Oban. Scotland to Claren-

ville, Newfoundland, transmission is

o\er a deep sea submarine cable

s>'stem. This link makes use of t\\\
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( ables, one for each direction of

tiansmission. The cables are laid ap-

|)ioximately 20 miles apart and they

are 1,950 miles long, submerged at

tlepths up to 2^2 miles. 102 repeaters,

õl in each direction, are used to com-

pensate for the cable attenuation. The

1 epeaters are enclosed in flexible hous-

ings within the cable and were de-

signed to pass through the ship cable

la\ing machinery. At the same time

they had to be strong enongh to

withstand the deep sea pressure of

6.000 Ib. per sq. in.

From Clarenville, Nfld. to Sid-

nev Mines, Nova Scotia, a single

Loa.xial cable having a capacity of 60

eircuits was laid. Sixteen repeaters

were required in this section.

The idea of a submerged telephone

cable is not new. Non-repeater tele-

plione cables have been in existence

tor many years. The fact of great

significance in the laying of this cable

IS that the 300 and some odd vacuum
tubes and many other thousands of

components must have a reliable life

of at least twenty years, without

iiiaintenance.

Plans are underway to lay a British-

Canadian cable having a 60 circuit

capacity, and an additional cable to

link Continental Europe with the

U.S.A.

Miniaturization is of especial im-

portance in the improvement of tele-

plione service. When something

snialler can do as good a job or better

than the equipment it replaces, there

ire often important savings to be
rnade, not only in material but also

savings in space and power require-

inents. One of the best examples of

this research is the vvork that has been
clone in the Bell Telephone Labora-

tories in the semi-conductor field,

producing such items as the Solar

ijattery, photo-transistor, and transis-

tor-amplifiers.

The heart of the Solar battery is

the p-n junction or boundary be-

tween different electrical conductiv-

ity types in a semi-conductor crystal.

Light energy when it strikes a semi-

conductor will often split off an elec-

tron from its normal position in the

cr\stal lattice, leaving a positiveh'

charged hole in the vacant space.

Both the electron and the hole will

then be available for the conduction

of electricity—if they can be pre-

vented from re-combining and thus

neutralizing each other. The p-n junc-

tion provides a built in electric field,

that pulls the electrons into the n or

negative side of the junction, and the

holes into the p or positive side be-

fore many of them recombine. The
electrons and holes are said to be

collected by the junction. With suit-

able contacts and leads to the two
sides, the resultant current can be

used in an externai circuit.

There are five important facts

about the Bell Solar battery that are

really worth emphasising:

(1) It is an experimental device

that converts sunlight directly into

electrical power with no intermediate

steps;

(2) It is at least fifteen times more
efficient than the best previous solar

energy converter, having an efficien-

cy of 8% at present;

(3) It has no moving parts or cor-

rosive chemicals and should last in-

definitely;

(4) Its efficiency of conversion of

available light remains essentially

constant, even in poor light where

other converteis will fail;

(5) It charges the storage battery

at constant voltage, and a solar bat-

tery-storage battery combination can

thus average a steady power output

day and night.

Semi-conductors can also be used

as photo-conductive devices in which

the conductance of a semi-conductor

element is increased when the ele-

ment is illuminated. This is a prin-

cipie employed in the photo-transis-

tor, and this little device is used in

nation wide dialing in routing calls

through offices. This routing infor-

mation is registered on metal cards

with holes in them, the cards to be

selected in accordance with the digit

dialed. The cards are stacked together

and a light is shone on them.

Photo-transistors are used then to

determine what light channels are

blocked or clear, by causing the oper-

ation of a relay, thus supplying the

routing information.

The transistor as an amplifier is

essentially two p-n junctions located

very close together. One junction

(emitter) is biased by a battery in the

forward direction; the other junc-

tion collector is biased in the reverse

or very high resistance direction; and

the small current which does flow

is due only to the small number of

minority carriers which are always

present in a semi-conductor near the

junction.

A very small signal in the emitter

circuit will produce a corresponding

current across the emitter junction.

As a result, minority carriers (elec-

trons) are emitted into j) type base

layer. Due to the dimensions of the

base layer almost ali emitted elec-

trons will reach the collector junction

before they find their way out to

the contact at the base, or are lost

by re-acting with holes. Since there

is very little current flow in the col-

lector circuit due to this high resis-

tance, the introduction of the un-

attenuated signal from the emitter

results in a large increase in power,

and the energy of amplification is

furnished by the battery B2.

Hence transistors have many advan-

tages:

(1) They require practically no
power to run, operating on 2 to 4
volts only. Thus in the telephone

companies, where thousands of va-

cuum tubes are now used requiring

larger amounts of power, the intro-

duction of the transistor amplifier

will represent large savings;

(2) They are very small in size,

permitting miniaturization of compo-
nents which represents a large saving

in equipment space;

(3) They have a long life expectan-

cy due to the fact that electrons are

not being emitted from material as

in the case of the vacuum tube.

City-wide personal radio signalling

is a potential new service now being

tested in the telephone industry. The
system serves to indicate to a parti-

cular customer, perhaps a doctor or

salesman, when his secretary or some
other party is trying to reach him.

The customer carries a small radio

Table 1

Fiequency RF RF RF Channels Xo. of Pi o- Total Message
Spectrum D.F.S. Channel Channel No. of RF left for teclion Telephone ccts. per
Mc Bandwidth Spacing Channels Message use Channels ccts/ch. system

TD-2 3700— 500 mc 20 mc 40 mc 12 6 1 600 3,000
4200

TH 5925— 500 mc 28 mc 29.6 mc 16 8 2 2200 13,320
6425

TX 50,000— 6500 mc 20 mc 40 mc 162 81 20 2200 133,000
56,500
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receixiM-, ci)ni|ilrti'K liansistorizcd

and oiiK sliglitK- laiger than a pack-

age oF cigaiettes, in liis pocket or

clippcd to his belt.

Ou rocei\ing a radio signal with
tlu' proper code, thc radio will emit

aii aiidible tone of siifficient loudness

to intorin tlie user tliat he is being

called. He then goes to a telephone

and calls his offíce where he is given

tlu' niessage.

To call a ciistomer tlie person diais

a particular telephone nuniber and is

eonnected with a personal signal

operator. The calling party gives the

operator a foiu^ digit nuinber which
corresponds to the code associated

with the radio receiver assigned to

the called party. The operator then

places this nuinber into a memory
sxstem by setting up a series of four

rotary switches. The codes set up on
the switches are scanned and trans-

lated into components of four audio

frequencies. The audio frequencies

modulate a 250 watt A.M. transmitter

which operates on one of the com-
mon carrier mobile frequencies.

When the radio frequency signal is

picked up by the receiver, it is de-

modulated and the audio tones are

used to energise a group of four vib-

rating reeds. If ali reeds are energised,

an audio oscillator is triggered and an

alternating tone informs the customer

that he is being dialed.

The units are small and light in

weight and employ a single 4 v. bat-

tery.

It is estimated that ranges of about

two to four miles from each transmit-

ter will be obtained. To compensate
for variations in radio propagation,

any given code is transmitted three

times.

There are also some changes in

store for your telephone. At present

there are long range plans underway
in telephone laboratories to convert

from a mechanical type dial switch-

ing to electronic type dial switching

Systems by extensive use of the tran-

sistor. This conversion will necessi-

tate many accompanying changes,

one of these will be the replacements

of the familiar bell ringing signal

by an electronically generated mu-
sical tone. At present 90 v. of 20
cycle power is required for ringing

the present bell. A tone ringer superior

in output to the conventional ringer

and more pleasing to the ear has been

designed through use of voice fre-

quency tones of less than 1 mw. This

employs a transistor amplifier and
small speaker in the telephone set. By
using different frequencies on the line

and resonant circuits in the telephone,

telephones working on a party line

basis may be rung indivídually. Tests

have shown that the musical tone can

be heard at great distances and stands

out above general room noise more
effectively than the present bell.

Other changes in the telephone may
include replacing the dial with a key

punch. The hand set itself may even-

tually be replaced by a small micro-

phone and speaker, permitting opera-

tion with the hands free.

We may in the future have a tele-

phone that transmits píctures as well

as sound. In the experimental models
that have been developed, the pic-

tures are 2 in. by 3 in. in size. Un-
like television, a new picture is dis-

played every two seconds. The pic-

ture phone has been made possible

by slowing down the rate of trans-

mission of picture Information, so that

the required band width can be

handled by conventional telephone

circuits (300-3400 c s). The illumin-

ated area of cathode ray tube is

made up of 60 lines, each line con-

taining 40 dots. Thus a complete
frame is made up of 2400 dots. If

one complete picture is transmitted

every two seconds, a bandwidth of

600 cycles is required.

In order to pass the low frequenc\

components of this 600 cycle band
over telephone facilities, this video

signal is modulated on a 1200 cycle

carrier, and produces a conventional

A.M. double side band signal (600-

1800 c s). It will be possible for a

caller's picture to be dialed like an

ordinary telephone call, provided the

switch (and there must be a switch)

on the picture equipment is turned

on at both ends of the line.

Today the telephone companies
have a growing list of new users who
are not people but electrical and
electronic business machines. Such
machines talk to each other at very

high speed over long distances.

A data transmission device has

been developed which has been an

important step in the transmission of

data over telephone lines. This de-

vice takes the information after it has

been placed on a magnetic tape and
transmits it over telephone facilities.

For example, a secretary in the

headquarters of a power fimi has a

two page, thousand word document
which must be delivered to an out-

lying office. The desk in front of her

has an electric t\pewriter which pro-

duces type and magnetic tape for use

in the subset. She establishes the call

in a normal long distance manner,

places the tape in the machine and

transmits the thousand word docu-

ment in less than a minute.

LITTORAL DRIFT (Continued fwm page 91)

only wave data available would be
hind-cast records built up by tedious

calculation from synoptic charts.

In an effort to determine some of

the necessary facts it has been decided

to gather data initially at two typical

harbours, Cobourg and Port Hope.
Complete hydrographic surveys have
been made at each of these harbours

and range lines established along

which .soundings are taken monthly
in an effort to determine the rate of

accretion or depletion. The measure-
ment of waves has been achieved by
setting up a pressure-cell recording

device in 40 ft. of water 4,000 ft.

off shore at Cobourg, with auto-

matic recording in an instrument

house on shore. This distance off-

shore was deemed necessary to avoid

the reflections set up by the break-

waters nearer the shore-line. The
pressure type wave recorder was de-

signed and installed by the Instru-

ment Section of the National Research

Council and has been recording the

wave action every three hovns since

last February. A recording wind gauge
has also been installed at Cobourg to

operate in conjunction with the wave
apparatus.

A wave flume has been designed

and constructed in the hydraulics

laboratory at Queens University. It

is at present being used in a basic

investigation of the transporting prop-

erties of various types of waves.

When sufficient field information

about the wave characteristics, the

rate of littoral drift and the rate of

deposition in existing harbour chan-

nels has been accumulated. it will

be possible to construct models of

actual harbours and attempt to ad-

just the operation to reproduce ex-

isting conditions. Proposed changes

such as deepening of channels or

extension of breakwaters could then

be tried out at the model scale in an

effort to predict prototxpe behaviour

before the changes are made.
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of a Series
INSTRUMENTATION
IN INDUSTRY

CHEMICAL PROCESSING PLANTS

THE GENERAL requirements for

controlling and recording instru-

mentation in the chemical processing

industry are quite similar to those

I prevailing in the petroleum refining,

1 gas processing, and particularly,

petrochemical fields. Processing is

here taken to cover the making of

desired end-products by a continuous

series of chemical and physical pro-

cesses, usually in liquid or gaseous

phases, rather than the intermittent

batch processes or electrolytic meth-
ods used in the production of some
heavy chemicals and dyestuffs, or the

final blending of materiais.

The processing industry could not

function without the use of instru-

ments to record and control such
variables as temperature, pressure,

flovv rates, liquid leveis. The efficiency

of processing is further increased by
the use of Instruments for the con-

tinuous measurement of pH, chemi-
cal composition, specific gravity, and
so on. Additional refinements may in-

clude the use of continuous measure-
ment of corrosion within lines or ves-

sels.

j

The complexity of instrumentation

I naturally varies with the size of the

plant and the processes involved, but
there is a notable trend towards full

automatic control and the release of

operators from routine checking to

devote more time to improvement of

production. Apart from the automatic

operation of pumps, valves, feeders,

etc, stream conditions can be con-

stantly checked by such techniques as

thermal conductivity, gas chroma-
tography, and infra-red analysis.

Power Supply

The chemical processing industry

in Canada relies almost entirely on
main electrical power purchased from
outside suppliers. In only a fevv cases

is this supply checked independently

by the user, though the individual

circuits within the plants naturally

have their ovvn regulating and meas-
uring systems.

Who Determines
Instrument Requirements?

Ali companies that replied to a ques-

tionnaire on this subject have instru-

ment requirements determined by a

member of the engineering staff, fre-

quently an instrument engineer. This

is particularly the case where the

company controls its own process de-

sign and has reason to keep infor-

mation secret. Maximum efficiency

may be better obtained by selection

of individual instruments on their

own merits, rather than going to one

manufacturer for ali requirements.

Who Buys the Instruments?

In nearly ali cases covered by the

questionnaire, the engineering depart-

ment (usually an instrument engineer)

has the responsibility of specifying the

types of instrument required, but the

order to the supplier is placed

through the purchasing department.

One large manufacturer stated that

the instrument buyer has to be

familiar with the equipment and well

qualified to evaluate competitive quo-

tations. He attends training courses

run by the instrument makers and
visits their plants so as to acquire a

good overall knowledge of what is

available in the instrument field.

Servicing of Instruments

Replies to the questionnaire indicate

that at least 90 per cent of replace-

ment, service, repair, and recalibra-

tion of instruments is carried out by
the processer's own staff. Exceptions

noted include small plants that do
not carry the necessary staff, but send

instruments to the manufacturer for

repair and recalibration, and certain

cases of specialized instrumentation.

No specific data are available on

the use of preventive maintenance

throughout the industry, but it is

probable that some form of preven-

tive system is prevalent for the same
reasons that it is used in the petro-

leum refining industry.

Maintenance staffs obviously vary

with the size and complexity of the

plant, and may consist of one in-

strument mechanic for a relatively

small organic chemical processing

plant. A more diversified organic

chemical plant with an initial instru-

ment installation costing over one

million dollars maintains some 2,000

instruments: there are four instrument

mechanics plus one man for regular

shop repair and overhaul, and an

electronic technician to service elec-

tronic equipment. In one large plant,

operating under severe conditions,

twelve mechanics are used on day
shifts to maintain instruments which
have an installed value of over $1..5

million.

Spare Parts Practice

Practice in handling spare parts again

appears to vary with the type of plant

and other conditions. Probabh', the

smaller and simpler the instrument

installation, the less tendency there is

to hold a stock of complete replace-

ment units, though ali replies indicate

that some spare component parts are

held for essential repairs and replace-

ment.

Instrument Specifícations

It appears to be general practice for

the chemical processors' own engin-

eers to specify the instruments to be
used in an installation. The industry

also generally uses 'standard' instru-

ments, of which a wide range has

been developed to meet the varied

needs of the chemical processing

techniques now in use.
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Statistics on Instrument Usage

Capital costs of instrument installa-

tions vary wideh' with the size and

coniplexit)' of the plants involved. It

is ditfieult to attempt any conipari-

son hetween capital investment in in-

stnnnents and volume or \'alue of

pioduct, since a ielati\'ely small out-

put of one chemical pioduct may have

a high dollar value per unit, whereas

another ma\' be produced in much
largcr quantities for a smaller unit

\alue. At the same time, there is no
simple relationship between complex-
it\ of instruments, gross throughput
of plant, and value of end-product.

Installed cost of instruments for a

one-product plant (organic chemicals)

might be of the order of $20,000 to

825,000, with an annual mainten-
ance cost of four per cent to fifteen

per cent of installed investment. A
multi-product organic chemicals and
resins complex with installed instru-

ments to a value of just over $1 mil-

lion reports an approximate break-

down of initial installed instrument

cost as: one-third for raw materiais

processing and utilities; two thirds

for chemical and resin processing.

The question of recovery time for in-

strument investment is largely aca-

demic in the chemical processing in-

dustry, since most processes are virtu-

ally inoperable without certain basic

recording and control instruments.

Types of Control

Opinion of chemical processers is

divided on the subject of pneumatic

versus electronic control systems. Gen-

erally, pneumatic controls have pre-

vaile-d so far in the Canadian chemical

processing industry, but the use of

electrical transmission circuits and
electronic controllers is now being

more widely investigated. The main
objection to electronic controls is the

need for special precautions if they

are used in potentially explosive at-

mospheres.

Advanced Instrumentation

As already mentioned, there is a grow-

ing tendency to incorporate refine-

ments into processing plants beyond
the basic essential control and re-

cording instruments. In particular, it

is now becoming possible to keep a

constant check on constituents in

process sti^eams by the use of indus-

trial-scale vapour-phase chromatog-

raphy, infra-red analysis, and analy-

sers for oxygen and combustible gases,

plus pH measurements on liquids.

Ultimately it will be possible to feed

such information, together with data

on such variables as temperatures,

pressures, flow-rates, lev^els, catalyst

efficiency, etc, to a computer s\s-

tem which would regulate ali the in-

terdependent conditions to give maxi-

mum process efficiency far more
rapidly and consistently than is pos-

sible with the inter\'ention of human
operators.

This degree of control has already

been achieved on an experimental

scale in a chemical plant in the

United States.

J. B. Birks, B.A., Ph.D., D.Sc, F.Inst.P., A.M.I.E.E.,
reader in physics, Manchester University. (co-author
of the paper, "Capacitor Developments in Great
Britain", in our July íssue).

Dr. Birks was Research Manager of British Di-
electric Research Limited from 1954-57. He is the
editor of "Progress in Dielectrics" and the author of

50 published papers.

We offer our sincere apologies to Dr. Birks for

oinitting this relevant information and stating his

academia qualifications incorrectiy in our earlier bio-

graphical note.

It was erroneously stated in the June issue of The
Engineering ]ourml (Authors page) that Mr. R. M.
Bremner (3,500 ton University of Toronto BuihUng
Moved 250 Ft.,) was in charge of construetion and
planning at the University of Toronto. Mr. Bremner is,

in fact, an assistant in the department and the staff

of The Engineering Journal apologize for any incon-
venience or embarrassment caused.

HEADQUARTERS

COMPUTATION CENTRE FOR

THE H.E.P.C. OF ONTÁRIO

The Design of the Data

Commimication Setwork

by W. H. Sanders

The table at the foot of page 46
was set in type, since we did not

feel that the illustration as sub-

mitted to us would reproduce well.

But as tíie author has now pointed

out, the overprinting which coiild

not be set in type was essential

to indicate an error condition. This

is shown in tlie accompanying
illustration, witíi our apologies for

having overlooked it in tlie first

place.

section of table

showing over

printing

#000001
#000001
#000001
#000001
#000001
#00000
#00000
#00000
#00000
#00000
#00000
#00000
#00000
#00000
#00000
#00000
#00000
#00000

+ 1 160
+0360
0240
+0200
+0860

14 +0í)í

1 4 +0C0)

14 +1CB)

14 +0â3í

1 4 +043
14 +OHÍ
1 4 +Okí)

14 +060»

1 4 +Oto<
14+040
14 +05«
14 +030
1 4 +076

WANTED
June 1959 issue of

THE ENGINEERING JOURNAL
The Engineering Institute has received so many requests for additional
copies of the June issue of The Engineering Journal that the available sup-
ply has been exhausted.

It will be greatly appreciated if readers who do not keep their copies
on permanent file, will return them to tlie editorial officc at 900 Sherbrooke
Street West, Montreal, Que.

We offer our sincere apol-

ogies to Mr. C. C. Parker.

whose name was misspelt in

our August issue (Discus-

sion on the paper—Design

and Erection Features of the

\"ertical Lift Bridges for tho

St. Lawience Scawa>') b\'

W. F. H. Holt. M.F.i.c.
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Canadian Developments

1959 Coast-to-Coast Surveying

Mapping of Canada

The federal mapping and charting

program for 1959 has been under

way since May and will continue

until November. The program will

take survey parties to ali ten Cana-

dian provinces as well as to Yukon,

Northwest Territories and coastal

and inland waters. Included in the

field survey force of more than 1000,

there are 81 individual survey parties

and 28 units of the Canadian Hydro-

graphic Service.

Mines Minister Paul Comtois said

that emphasis is being placed on the

development of the northland. The
objectives are: the long range pur-

pose of providing Dominion-wide
coverage in base maps and charts at

various scales; and the short range

objective of gaining knowledge of

potential resources of minerais, water

power and forests. Defence needs are

also aided by the mapping and chart-

ing program.

Public Works

Harbour Improvement: The contract

has been awarded at over $3 million

to MacNamara (Quebec) Limited for

a large harbour improvement project

at Pointe-ou-Père, Quebec. The re-

sult will be a good winter port on

the Quebec South Shore and better

traffic facilities for the developing

North Shore.

The improvements will inelude a

widening of the existing wharf to 200
feet. There will also be an extension

to the existing wharf, which will be
710 ft. X 75 ft., and new approaches

on the east and west sides. Dredging
of 54,000 cu. yd. is necessary for

berthing and turning áreas.

Bridges: Poole Construction Com-
pany of Calgary have received a $2
million contract to build bridges over

the Pelly and Stewart Rivers, Y.T.,

and to improve the Yukon River

Bridge at Carmacks.

The Pelly River and Stewart River

bridges are on the Whitehorse-Mayo

Highway, 160 and 220 miles north

of Whitehorse respectively.

A bridge will be built between
Campbellton, N.B., and Cross Point,

Que., and a $2.9 million contract

was awarded for construction of the

superstructure has been awarded to

the Canadian Bridge Division of Do-
minion Steel and Coal Corporation

Limited, Walkerville, Ont.

The two provincial governments

and the federal government are joint-

ly financing the project, which will

replace a ferry crossing and avoid a

26 mile drive around the Bay of

Chaleur. Work is already progressing

on the substructiue.

Atlantic Provinces

Construction in 1959 in the Atlan-

tic Provinces will exceed the 1958

program in volume, and approximate-

ly 11% more will be spent on con-

struction than in 1958, according to

a Canadian Construction Association

report of forecasts.

Ali of the Atlantic Provinces with

the exception of Newfoundland; will

noticeably increase volume of con-

struction bringing per capita spending

for this purpose closer to the national

average. The highest rate of activity

is in New Brunswick, then Prince

Edward Island and Nova Scotia.

Canada's $7.2 billion estimated

program for 1959 will represent a

small decrease from 1958, and a per

capita spending of $415. The Atlan-

tic Provinces volume of $499.6 mil-

lion represents a $270 expenditure

per capita.

Ontário Frequency Standardization

Ontário Hydro have completed the

10-year frequency standardization

program ahead of schedule. Well over

one million customers now receive 60-

cycle in place of 25-cycle power.

Estimated cost of standaixlization was

$360 million. It is estimated that this

outlay will be recovered in approxi-

mately 20 years through savings

directly resulting from the change.

Work on Victoria Bridge

A 130-ft. girder-type span weigh-

ing 60 tons was put in place recently

on Victoria Bridge, Montreal, by

C.N.R. in an unconventional engineer-

ing job.

Trucks moved the span 2,000 ft.

over the bridge to its final location.

Later the span was lowered into

place and old sections were removed.

The girder-type spans are required

to replace two of the present truss-

type spans, which must be removed

to allow a diversionary rail and road

route to be joined to the existing

bridge structure. This is the fourth

and final girder-type span to be in-

stalled in the downstream side. Next

year, spans will be replaced on the

upstream roadway, and later, on the

rail route. Constniction is to be com-

pleted in 1961.

Building in Winnipeg

The new head office of the Great

West Life Assurance Company was

formally opened in Winnipeg, Man.,

in June.

The building is on an 8-acre site.

It is a T-shaped structure of 5 storeys

with a 2-storey penthouse. Frontage

on Osborne Street is 758 ft., depth

is 283 ft., and height, 99 ft. Floor

space is 219,000 sq. ft.; capacity is

1,600 persons (addition of five-storey

wing will increase capacity to 3,200).

Piling consists of 198 caissons to

hardpan bedrock, averaging 55 ft.

below Street levei; 7,000 cu. yd.

of concrete; 800 tons of reinforcing

Steel and 1800 tons of structural

steel were used.

Year-round climate control is pro-

vided, and three 300-hp capacit>- oil

fired units protluce 30,000 Ibs. of

steam per hour for forced hot water

lieating through converters.

Turbine Export to U.S.

Dominion Engineering Company
Limited of Montreal, is to supply ten

Kaplan t>'pe hydraulic turbines, to

be installed in the Wanapum De-
velopment on the Columbia River in

the State of Washington. Each of the

tinbines w ill have a rated capacity of

120,000 hp., when operating under 80

THE ENGINEERING JOURNAL—SEPTEMBER, 1959 103



• CANADIAN
DENELOPMENTS

ít. lu\ul at a sprod of S5.7 r.p.in. They
\\ ill hc ann)iig the laigest units of this

kiiid iu the woild.

This is tlie conipany"s debut into

the U.S. h\draulic turbine market,

though Dominion tinbines are oper-

atini: in Brazil, Rússia, Ceylon, Pakis-

tau and New Zeahind.

Natural Gas Future

"Treniendous gas discoveries dur-

ing the past year" in British Colum-

bia were mentioned recently by Dr.

George S. Hume, vice-president and
chief geologist of Westcoast Trans-

mission Company Limited.

Indications now are that British

Columbia may have reserves in ex-

cess of 60 trilhou cu. ft. of natural gas,

while further large reserves may lie

in the north, he said.

Requirements of 350 million cu.

ft. per day for the current period will

rise to 640 million cu. ft. per day in

the 1962-63 period, and 835 miUion

cu. ft. per day in the 1964-65 period,

the company estimates.

STEAM TURBINE

Accurate speed

control at a

speeds

and loads

CHECK THESE

FEATURES:

Extremely compact, the BB-12 turbine is just

over 2 feet long.

10% speed adjustment while turbine

is running.

Water rates exceptionally low.

Poweríul governor with balanced throttle

valve provides accurate and stable speed

control at ali loads.

Built in overspeed governor with balanced

valve can be reset under full steam pressure.

Suitable for a wide range of speeds and powers.

Casing is subjected to exhaust pressure only.

Standardized design—suitable up to 250 psig,

500^F. iniet conditions and 50 psig exhaust

—

available for quick shipment.

Low steam consumption drive can be provided

for siow speed machines by use of a gear

reducer.

BB-12 Performance Chart

Above chart shows approximate

H.P. ovailable from one and two

nozzle turbines ot steam inief

pressure of 250 psig and zero back

pressure.

Write io-day for full informafion

on the BB-12.

MECHANICAL DRIVE

GALT, ONTÁRIO

STEAM TURBINES
BABCOCK-WILCOX and

GOLDIE-McCULLOCH LIMITED
MONTREAL ' OTTAWA • TORONTO ' CALGARY • VANCOUVER

Nova Scotia Agenfs: Austen Bros., Limited, Halifax

Alberta Industries

Fibreboard Plant: The Province's first

rigid fibreboard insulation plant,

built at Wabamun by Fibreboard

Manufacturing Limited, went into

operation early in 1959, with an es-

timated eventual production value of

$1 million annually.

A new industry at Fort Macleod
manufactures an all-purpose winch
and hoist called the Giant Hand.
Production capacity is 25 to 30 units

per day. The company plans to ar-

range national distribution of its

product.

Inventors say it is the only tool

of its kind made in Canada, and com-

pares with imported models, though

lighter in weight. With a weight of

only 13/2 Ib., it has a lifting or pulling

capacity of one ton.

Export of Mine Hoists

An American steel producer is

buying Canadian Westinghouse mine

hoists for a new iron mining develop-

ment in Missouri. The hoists and brak-

ing system, slated for installation in

1960 (Koepe friction hoists and pneu-

matic disc braking system), represent

the largest and first export to date of

this equipment.

Westinghouse is also working on

an export order for five giant power

transformers for the Tacoa power

project near Caracas, Wnezuela.

Shipment of the first is scheduled

for September.

Nuclear Power Plant

A site is being sought for Canada's

fii-st large-scale nuclear power plant,

and there is some interest in a site

near Kincardine, on Lake Huron.

The agreement \\'as reached in

June, between Ontário H>'dro and the

Atomic Energv- Control Board, that

full scale work on a 200.000-kw.

plant will be undertaken. The $60

million project is intended to be in

service in 1964-65.

Ontário Hydro, who will staff the

plant and buy the power generated,

will exentually buy the plant for the

Hvdro system.

New TVRelay
The BBC Engineering Division has de-

veloped a sx stem for transmitting brief

television news pictvue sequences and

other short television film sequences

of up to one minute's duration over

a Circuit of the ti-ansatlantic telephone

cable normalK- used for sound. These

picture transmissions can be sent over
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the cable in both directioiís.

The development was first used to

cover the visit of Queen Elizabeth to

Canada, allowing swift transmission

of depaiture and arrival pictures to

Canada and to Britain. Films of the

opening of the St. Lawrence Seaway
by the Queen were also transmitted

by the new system, the development

of which makes use of an altogether

new technique.

The process employs a slow-speed

flying-spot film scanner, and uses

the video signal from it to modulate
a carrier for transmission over the

cable. At the receiving end the sig-

nals are demodulated and used to

operate a slow-speed film telerecord-

ing equipment.

Saskatchewan Industries

Steel Mill: Progress of the big roll-

ing mill of Interprovincial Steel Cor-

poration at Regina, points to com-
pletion of the $15 million mill on
Schedule, January 1960.

Gas Plant: Liquid Carbonic Canadian
Corporation Ltd. has announced
plans for the construction of a 750,-

000 industrial plant at a site adjacent

to the Interprovincial Steel Mill, at

Regina. The plant will supply oxy-

gen to the steel mill through a direct

pipe line, the mill using 1.5 million

cu. ft. per month. The plant will

also manufacture industrial gases.

Cement plant expansion: A $1 million

expansion of its Regina plant is

planned by the Saskatchewan Ce-

ment Company. This development
will ensure adequate supplies of

cement for the South Saskatchewan
River project. Major portion of the

expansion cost will go into the new
grinding mill.

Potash Plant: Construction is being

pushed ahead on the potash mine of

International Minerais and Chemical
Corporation (Canada) Ltd., near

Esterhazy, Sask.

Investment is estimated at $20
million, with full plant capacity of

400,000 tons annually to be reached
in Spring of 1961.

Foundry: A new foundry to cost

$110,000 is under construction in

Regina, establishing Norwood Foun-
dry (Sask.) Ltd.

Steel Fabricating Plant: Construction

was to start in July on the new
Regina steel fabricating plant of

Dominion Bridge Company Limited.

The $1 million plant is to be the

start of a development which will see

the company invest some $12 million

in the Regina operation over the next

10 years. There will be five stages to

the development.

Employrnent Statistics

The Department of Labour and the

Dominion Bureau of Statistics in a

joint release in July, reported that

employment had reached an all-time

record levei in June, 1959. An esti-

mated 6,0.53,000 persons had jobs,

201,000 more than in the previous

month, and 174,000 more than the

year before. The increase from May
to June occurred almost entirely in

the non-farm industries, the largest

gains being in construction, logging

and the distributive industries.

Statistics of Interest

Crude Oil Consumption: Consump-
tion of crude oil in May, 1959 ad-

Prospecting for consfruction materiais. Interpretation rapidly uncovers ali avallable sources.

Potential quarry sites, and sources of borrow and granular materiais are mapped . . . evaluated

for quality, quantity, overburden and accessibility.

Get basic soils and geologic data
from Aero photo interpretation
Now you can obtain assentia! soils and
geologic data for the pre-boring stages

ofengineering projects with dependable

Canadian Aero photo interpretation

studies.

Canadian Aero's staff of engineers and
geologists develop basic engineering

data from detailed air photos. For

example, soils are mapped according

to their engineering properties: texture,

plasticity, bearing capacity, and internai

and externai drainage. Generalized pro-

file is indicated.

Area geology is mapped also, according

to engineering properties. Our reports

include: estimates of difíiculty of excava-

tion, susceptibility to slides, dip of bedded

rock, and rock type. Where hydraulics

are involved, faults and joints are

mapped, áreas of solution channels in-

dicated, and estimates of porosity made.

In addition, we report on location of

construction materiais, location of

trouble áreas, and determination of

depth to bedrock.

For more information on how Canadian
Aero photo interpretation can provide

data at substantial savings in time and
cost, write us today. Ask for our new
folder "Air Photo Interpretation of

Soils & Geology for Engineering
Projects."

canadian aero service
CAIGARY • TORONTO • OTTAWA • LONDON, ENGLAND Itd.
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vancotl to 20,824, 1 ST hancl.s. placinií

|amiar\ -Ma\' coiisumplion lu-arlv 17%
over lasl >car. at 108,928,568 bar-

reis.

Carbon Steel: Nct shipmcnt.s of rolled

Carbon steel product.s ia May rose to

347,763 tons, raising the Ji^^iiíiiy-

May sliipments 13.3% to 1,678,788

tons.

Tlie consuming industries in May
were rnainly; building construction,

69,026 tons; pipe and tubes, 41,500
merchant trade products, 40,468; rail-

way operating, 40,064; wholesalers

and warehouses, 38,914; container

industry, 33,163; automotive indus-

tries, 18,315; and pressing, forming

and stamping, 17,190.

Wheel Plant

A $12 million fully automated steel

wheel plant was opened in June in

Montreal, when Canadian Steel Wheel
Limited introduced a new industry

to Canada.

The plant produces railway steel

vvheels — with diameter of from 24
in. to 50 in., and weighing up to

2,000 pounds each.

To provide the high-quality steel

the melting shop is equipped with

two 16-ft. diameter, 45-ton capacity,

electric are melting fumaces. A con-

stant check is kept on the analysis

of the steel as it is melted.

The molten metal is poured into

a 50-ton capacity ladle and trans-

ferred by a 75-ton overhead crane

to an ingot pouring car. This car

moves the ladle over moulds set

in a pit and the metal is teened

dovvn centre runners and up into

clusters of fi\"e or six moulds. The
ingots vary in weight from one to

three tons. After a regulated period

of time, the ingots are stiipped from
the moulds, transferred to the ingot

breaking shop and broken into either

three or four blocks. A convex or sys-

tem, incorporating scales for weigh-

ing the blocks, transfers them either

into storage or to the rotary hearth

furnace in the wheel forging and roU-

ing shop.

The forging and rolling shop is

capable of producing an average of

60 wrought steel wheels an hour,

and a feature of the operation is that

a permanent record is maintained of

the product throughout each stage

of manufacture from ingot to finished

wheel.

Highly-mechanized handling equip-

ment enables the entire forging and

rolling operation to be controlled by
only seven operators. The forging and

rolling operations, taking onl\- two to

three minutes, make it possible to com-

plete the whole cycle in a single

heating of the block.

Blocks are heated to forging tem-

peratine in a rotar\- hearth furnace,

60 feet in diameter and capable of

heating 40 tons of blocks an hour.

In order to contiol the rate of heat-

ing, the furnace is di\ided into six

zones in which temperatine and fur-

nace conditions are automatically

controlled. The blocks are carried

through the heating zones on the

rotating hearth until the final zone

is reached where tlie blocks are

soaked to forging temperature.

An indicator dial connected to the

demands-and deserves-the very best. In and out of

showers, as she often is, she even knows the name — which is

Rada. A Rada shower— exhilarating, refreshing, relaxing— is a

shower controlled (the temperature, firmly and steadily, as you

wish it) by a Rada thermostatic valve.

Rada is not only used for showers. Everywhere— hospitais,

schools, hotéis, ships, industry—where water temperature has

to be relied on as constant, there you find Rada thermostatic

valves. The name again is Rada.

Write for pamphiet No. 154 to Walker, Crosweller & Co. Ltd.,

I6th Avenue East, Markham, Ontário; or phone Markham 277.

Our manager's name is George Starr.
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hearth shows the number and loca-

tion of blocks — up to 348 — in

the furnace, and a further lecord is

maintained by the operator as part

of the product control system. Auto-

matic chaiging and discharging ma-
chines handle blocks in and out of

the furnace. The discharging machine
swings the blocks through an are of

90°, passing them through an hy-

draulic descaler and depositing them
on the lower slabbing die of the

6,000-ton forging press.

On the forging press, the block is

first reduced to a flat disc between
slabbing tools and then transferred

by sliding tables to the forming dies.

These dies form the hub and part

of the web of the wheel, and displace

metal to the rim to permit the roll-

ing mill to complete the wheel.

The wheel rolling mill, of the hori-

zontal type, forms the finished profile

of the rim of the wheel and in doing

so spins metal from the rim into the

plate and permits the wheel to grow
to the required size. This mill has

two edging rolls and a back roll,

each driven by separate electric mo-
tors and, in addition, two pressure

and two guide rolls mounted in sep-

arate sliding carriages.

When rolling has been completed,

a specially-designed machine removes
the wheel from the mill and deposits

it on the lower die of the 3,000-ton

coning press. This press displaces the

hub axially and cones the plate so

that the wheel is now formed to its

finished profile. Ali these operations

are controlled from specially-designed

consoles located in glass-enclosed air

conditioned control booths.

After leaving the Forging and Roll-

ing Shop, the wheels are transferred

by roller conveyor to the heat treat-

ment furnaces. Three car-type heat

treatment furnaces, each nearly 90
ft. long, are fired by light fuel oil

and are designed to give flexibility

in heat treatment cycles.

University News

University of Toronto

Appointments and promotions in

the Faculty of Applied Science and
Engineering have been announced
by the University of Toronto presi-

dent, Dr. Claude T. Bissell.

Promoted to professor are: H. S.

Ribner, aerophysics; W. F. Graydon,
chemical engineering; M. W. Hug-
gins, M.E.i.c, civil engineering; J.

M. Ham, electrical engineering; I. W.
Smith, mechanical engineering; and

S. E. Wolfe, mining engineering.

Promoted to associate professor-

ships are: W. H. Burgess, chemical

engineering and A. J. Kravetz, elec-

trical engineering.

Promoted to assistant professor

are: F. B. Friend, applied physics

and P. E. Burke, electrical engineer-

ing. Two newly-appointed assistant

professors are: A. R. Straughen, elec-

trical engineering and J. Schwaigho-

fer, civil engineering.

University of New Brunswick

President of the University of New

Brunswick, Dr. Colin B. Mackay has

announced the appointment of Ira M.
Beattie, m.e.i.c, as head of the de-

partment of civil engineering and

the appointment of Chen-Chang Ting

as associate professor of electrical

engineering. Mr. Beattie has been

acting head of the department since

the retirement of Dr. O. E. Turner in

1957.

Assistant professors appointed are:

D. A. George, electrical engineering;

D. G. Blanchard, civil engineering

and Dr. R. B. Banerji; who will lec-

ture for the mathematics department

and be in charge of the new digital

computer.

NEW DREDGING EGONOMY
THROUGH WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

^ 3 Generations of Experience in 19 Couiitries.

One of a large group of dredging companies
spreatl over three continents.

Resources include 41 dredges and 112

supporting vessels of every type and size.

Beaver Dredging will be pleased to provide

informatiory and preliminary estimafes.

COMPANY LIMITED
Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cob/e Address "Filling"
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INTERNATIONAL NEWS

United Nations

THE WORLD METEOROLOGICAL
CONGRESS at its third session in

Gene\ a this year was told that arti-

ficial satellites, rockets, balloons and
other new devices could play a use-

ful role in helping man learn more
about tlie weather, but could serve

most iisefully in conjunction with

contimied normal observations from

the surface and upper air.

The Congiess is the legislative

body of the World Meteorological

Organization, a specialized agency

A SURVEY OF ENERGY DEVEL-
OPMENT PRORLEMS issued earlier

this year by the UN noted that the

importance of energy as a basic factor

in development is receiving wide rec-

ognition. Hovvever, it points out, sev-

eral important aspects of energy de-

velopment have been neglected,

especially as regards economic prob-

lems in underdeveloped countries.

The report (Doe. E/3212), pre-

pared by the UN Secretariat at the

request of the Economic and Social

Council, contains chapters on gen-

eral energy problems, conventional

fuels, non-conventional energy, elec-

tric power, and experience and prob-

lems in technical assistance. Early

action was recommended on the fol-

lowing: appraisal of energy resources,

analysis of long-term costs and prices

of fuels and power in selected coun-

tries; the convening of UN seminars

on economic aspects of energy de-

velopment in underdeveloped coun-

tries, in the first instance on the

economics of electrification; coordina-

tion of the various bodies rendering

technical assistance to underdeveloped
countries.

The increase in the use of petro-

leum and the decline of coal trade

are mentioned as examples of revolu-

tionary changes in the pattern of in-

temational trade. Energy imports are

a consideration in most countries,

though many are striving for self-

sufficiency.

GERMANY
THE RESEARCH INSTITUTE for

the Physics of Jet Propulsion in Stutt-

gart works on basic and applied re-

of the United Nations with 100 mem-
ber States and territories and with

headquarters in Geneva. It meets

once every four years.

The role of satellites was examined

by W.M.O. President Andre Viaut

(France). The need for international

meteorological cooperation was stress-

ed by the president, and the import-

ance of its application to the well-

being of mankind, especially to agri-

culture, aviation, shipping and civil

engineering.

search in the field of aviation and

space travei. This is mainly done by

work on the physical, chemical and

technological fundamentais of the ap-

paratus of jet propulsion, especially

ramjet propulsion, chemical rockets

and atomic rockets.

In the field of ramjet propulsion,

theoretical work and physical exper-

iments are being carried out as well

as technical experiments on carbon

hydrate fuelled ramjets.

The theoretical work mainly deals

with the thermodynamic states of

air and their carbon hydrate combus-
tion gases at high temperatures; and

with analytical experiments of thermo-

chemic internai flow (which is done
with the help of electronic compu-
tors). Other projects are concerned

with compiling a technical measure-

ment table for ramjet power plants

in the whole field of application up

to supersonic flight, into the iono-

sphere, and on the flight mechanics

of ramjet space ships.

Similar experiments on the thermo-

chemic externai flow of ramjet power
plants and cells serve mainly to

ascertain the aerod\namic trans-

formation of heat and the thermal

boundaries during stationary flight

at great heights.

The physical experiments on ram-

jets are concerued with molecular

rays in the highest possible vacuum
in order to get more information of

the kinetics of primary^ chemical com-
bustion and the possible effects of

ultra-violet radiation during chemical

reactions. Kinetics of reflection of

air molecules on different kinds of

solid surfaces is being studied also.

This is done with special regard to

those walls scarcely affected by
boundary lays flow and the re-

sulting possible shifting of the ther-

mal boundaries during stationary

flight at great heights.

The technical experiments are con-

cerned with the development of

smaller ramjet power plants especially

for ramjet propellers and ramjet heli-

copter screws. Larger experiments are

planned in the combustion canal, on
the sled track, in the air and with

supersonic ramjet power plants. The
technical aims of these experiments

are auxiliary power plants, smallest

possible helicopters, and large area

aerial defence missiles, as well as

supersonic passenger aeroplanes.

In the large field of chemical rock-

ets, theoretical work and experiments

are being carried out on the physical

and technical side of hot-water rock-

ets. This work mainly deals with

analyses of the economical develop-

ments of these rockets and drafts,

and constructions for the application

of hot-water rockets as an economic
starting point. The physical ex-peri-

ments on models of hot-water rockets

have been carried out in the size two
sec. ton power of propulsion and
have resulted in very interesting first

measurements, e.g. up to 90-95? of

usable yield of momentum.

The technical experiments deal

with hot-\\ater rockets of more than

200 sec, ton propulsion. The aims

are to find special economical rockets

with safe start, independent of clim-

atic conditions for unmanned fhing

objects and manned supersonic aero-

planes.

In the field of atomic rockets ex-

tensive theoretical work is being car-

ried out, and phx sical experiments are

in course of preparation. They will

deal mainly with production of very

hot plasmas and the measurement
of their characteristics: convection,

radiation, current and heat transmis-

sion.

Ahstract of News Letter of the Rescarcii

Imtitute for the Pht/sies of Jet Propulsion.

No. 14.

UNITED STATES-CANADA
NAADC. The Minister of National

Defence annoimces that the President

of the United States, with the con-

currence of the Canadian Govern-

ment, has appointed General Laurence

S. Kuter to replace General Earle E.

Partridge as Commander in Chief,

North American Air Defence Com-
mand, effecti\e upon the rotirement

of General Partridge on julv 31. Air

Marshal C. R. Slemon, K.C.A.F., will
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Bevel Gears; Spiral

Bevels up to 34" dia;

High Speed Spiral Bevel
Gear Units; Triple-

Reduction Bevels;
Epicyclic Gears; Racks
and Pinions; Spur,
Helical and Worm Gears;
Complete Gearbox Units

Standard or Special.

every type . . . every s/ze

Enginee,rs fhe worid over know fhe

precision of our work

EXPERIENCE IN EVERY FIELD is the answer

. . . thís experience is available to YOU!

We ensure quick delivery of ali Cear Units

« Reid
^^¥1% THE REID GEAR CO. LTD. LINWOOD, RENFREWSHIRE, SCOTLAND

Every type . . . every size . . . for every need

continue in the appointment of Dep-
uty Commander, North American Air

Defence Command.

UNITED KINGDOM
THE UK STEEL INDUSTRY is de-

scribed in a booklet issued in Janu-

ary 1959 by the U.K. Information

Service.

Although the United Kingdom
steel industry today consists of over

300 companies engaged in the manu-
facture of pig-iron, and in the sub-

sequent processes of making, shaping

and treating steel, the bulk of output

is concentrated in 25 companies,

which between them produce nearly

77% of the pig-iron and nearly 91%
of the crude steel manufactured.

World iron ore reserves, it is re-

ported, appear to be adequate for

at least 300 years. In 1957, Britain

used 32.7 million tons of iron ore, of

which 17 million tons were obtained

from home ore deposits and the rest

imported. The most important iron

ore reserves in Britain at present are

the Jurassic ores.

To provide for regular and eco-

nomic shipment of imports of iron

ore, special ore-carrying vessels are

in service. By 1963 there vi^ill be
about 72 of these.

In 1957 the consumption of steel

scrap amounted to 11.5 million tons,

as compared with 12 million tons of

pig-iron.

The industry's requirements of

coking coal totalled 17.2 million tons

in 1957; in addition about 5 million

tons of other qualities of coal were

consumed. The most important

sources of high quality coking coal

are the Durham and South Wales

coalfields; others are in Lancashire

and Scotland. The National Coal

Board expects to be able to provide

the 24 million tons of coking coal

and blended coal, which the steel

industry estimates as its annual con-

sumption, by the 1960's.

Major Companies: As the outcome

of a series of amalgamations during

the last thirty years, the production

of steel, though still divided between

many often rather small plants, is

now concentrated in the hands of

some large concerns. Thus in 1952,

six firms, operating thirty-two works

in which steel was made, each had

an output of over one million tons,

and an output of 9.5 million tons in

the aggregate; that is to say, 58%
of total output. A further five firms,

operating twelve works, had an aggre-

gate production of over 3 million tons,

or an additional 18% of the total.

Eleven firms, then, accounted for just

over three-quarters of the ingot out-

put. Today, their share is probably

even higher, the report states.

The Iron and Steel Board exer-

cises general supervision over the in-

dustry. Late in 1958 about five sixths

of the iron and steel capacit>' had
been returned to private industry.

I^E ARE PLEASED TO ANNOUNCE that we

manufactured the SWITCHBOARDS and that we

carried out the ELECTRICAL WORK at

BEAUH ARNOIS
No 3 PLANT

BEDARD-GIRARD LIMITED
117 Lagauchetiere St. W. Montreal, P. Q.
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Prodiiction: Steel piodnction in

Hiitain iiKieased steadiK', íroni 12.7

Miillion tons in 1946 to the record
levei oí 21.7 million ingot tons in

1957. In 1958, mainly a.s a result of

mnning-down of .stocks in the Jiands

ot Steel nseis, oiitpnt diopped to 19.57
million ingot tons. Prodnctive capac-
it\- for Steel in 1959 is expected to

reaeh 24^2 million ingot tons. Blast

furnace capacity has also increased
greatly since 1945, and pig-iron pro-

duction totalled 14.3 million tons in

1957, althongh in the following year
outpnt fell back.

In Britain today about 87% of
total Steel output is made in open
hearth furnaces, about 7.5% by the
Bessemer converter process and about
5.5% in electric furnaces.

Development plans have been car-

ried out by ali British steel companies.
There is a development plan for a
capacity of 27 million tons in 1962,
this program to cost about 650 mil-
lion up to that year.

U.S.S.R.

AUTOMATION IN A GIANT TIRE
FACTORY is to be accomplished by
means of a plant performance re-

corder. The plant, novv being built

in Rússia by a consortium of British

firms, will have monitoring equip-
ment by The Digital Engineering Co.

. and your Pozzolith man

knows his concrete."

Research, Engineering and Concrete Control Divisions

THE MASTER BUILDERS COMPANY, LTD.

Technically trained representatives in ali principal cities

Vancouver • Edmonton • Winnipeg • London • Toronto * Montreal * Saint John

Ltd. The entire process of tire and
tube making is to be monitored

hourly and at the end of each shift,

providing a classified summary of

output of various components. Ali

the counting equipment will be cen-

tralized and an office will be equip-

ped with page printers where the

hourly and shift production totais

NATIDN-WIDE SERVICE IN

• SOIL SAMPLING

• FOUNDATION TESTING

PRESSURE
)

PIEZOMETER V TESTS
PERCOLATION }

• CORE DRILLING

• GROUTING

ORILLINC COMPANV LTD..

VANCOUVER. CANADA

Modern Equipment ond Experienced Crews of MONCTON, NORANDA,

KIRKLAND LAKE, PORT ARTHUR, EDMONTON and VANCOUVER

buildings

concrete

pave.nents

tunnels

industrial

plants

wharfs

hydro

prolects

will appear coded according to size

or type.

SWEDEN
A TURBINE RESEARCH and model

testing laboratory has been put in

use by Karlstads Mekaniska Werk-

stad at their Kristinehamn works.

Central Sweden. The laboraton.' has

been designed for ali kinds of model
tests with pump turbines and includes

equipment for precision measure-

ments by means of electronic devices

to ensine full objectivit\' and relia-

bility of the tests.

The new laboratory has three test-

ing units. There is an open flume

circuit \\'ith 4-metre head for test-

ing complete waterpower plant

models w ith a runner diameter of

up to 500 mm. There is a high-

pressiue ca\ itation test tunnel especi-

ally built for pump turbines but

also suitable to be used for tests with

models of Francis and Kaplan tur-

bines. The third unit is a caxãtation

tunnel for Kaplan turbines of con-

\entional t> pe and for testing \ arious

t\ pes of tubular turbines.

A NEW STARTING UNIT for jet

aircraft known as "Air Partuer" has

been de\ eloped and launched on the

market by Atlas Copco. The truck-

mounted device is of the hot-air

type and uses a screw' compressor of

special design. It is claimed the new
unit w ill reduce the starting time lo

half. and that it can be operated for

10.000 hours w ithout overhaul.
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Month to Month

ElC Annual General Meeting

Minutes of the Annual General Meeting of the Engineering Instituto of Canada
held in the Concert Hall of the Royai York Hotel, Toronto, Ontário, on June 8,

1959, at 10.00 a.m. until Noon, and presided over by President K. F. Tupper,
Toronto.

Noíice of Meeting
The General Secretary read the notice

of the meeting whlch had been circu-
lated to the membership on May 1, 1959,
with the E.I.C. Annual Report for 1958.

Confirmation of Minutes
There being no amendment or correc-

tion to be made, President K. F. Tupper
declared the Minutes of the Seventy-
Second Annual General Meeting of the
Institute held on May 21, 1958, at Quebec
City, Quebec, confirmed, and signed the
Minute Book.

Nominaling Committee For 1959
The General Secretary reported that

the Nomínating Committee for 1959 has
been appointed, one member serving on
it from each branch, with Mr. W. K.
Gvvyer, M.E.I.C. of Trail, B.C. as Chair-
niaii.

NOMÍNATING COMMITTEE 1959
Amherst, R. L. Alexander.
Baie Comeau. T. G. Rust.
Belleville, C. H. Lusk.
Border Cities. C. G. R. Armstrong.
Biockville, R. H. Wallace.
Calgary, A. W. Howard.
Cape Breton, C. N. Murray.
Central British Columbia, E. R. Gayfer.
Chalk River, H. V. Smith.
Corner Brook, K. Bulins.
Cornwall, J. M. Hawkes.
Eastern Townships, J. C. Davidson.
Edmonton, R. N. McManus.
Fredericton, I. M. Beattie.
Halifax, O. N. Mann.
Hamilton. L. C. Sentance.
Huronia, Ross MacKay.
Kingston, D. L. Rigsby.
Kitchener, M. A. Montgomery.
Kootenay, W. G. Small.
Lakehead, E. T. Charnock.
Lethbridge, C. S. Clendening.
London. D. D. C. McGeachy.
Lower St. Lawrence. J. R. Menard
Moncton, L. R. Wadlyn.
Montreal, C. G. Kingsmill.
Newfoundland, J. P. Henderson.
Niagara Península, C. G. Cline.
Nipissing and Upper Ottawa, T. H. Chap-
man.
North Eastern Ontário, William Kay.
Northern New Brunswick. R. C. Eddy
North Nova Scotia, M. C. Wolfe.
North Shore Lower St. Lawrence, M.
Storrier.
Ottawa, R. F. Legget.
Peterborough, B. Ottewell.
Port Hope, E. F. Marston.
Prince Edward Island, J. D. M. Mac-
Donald.
Quebec, Paul Vincent.
Saguenay, C. C. Louttit.
Saint John, J. J. Donahue.
St. Maurice Valley, D. M. McKim.
Sarnia, Gordon W. Ames.
Saskatchewan, L. T. Holmes.
Sault Ste. Marie, F. H. MacKay.
Toronto, M. McMurrav.
Vancouver, W. O. Scòtt.
Vancouver Island, Thomas Miard.
Winnipee. T. E. Storev.
Yukon, J. R. B. Jones.
Chairman: W. K. Gwver, M.E.I.C, Trail,

Honours, Prizes and Medals
The President announced that at its

meeting held on April 18, 1959, the Coun-
cil of the Institute voted unanimously
that the following Honours, Medals and
Prizes be awarded for the year 1959:

HONORARY MEMBERSHIPS
"Chosen from those who have become
eminent in engineering or kindred sci-
ences, and elected by unanimous vote
of Council".

Randolphe William Diamond, B.A.Sc.,
D.Sc, recently retired as Director, Con-
solidated Mining and Smelting Co., Trail,
B.C., and also as President of West Koo-
tenay Power and Light Co. Ltd.

David Arnold Keys, B.A., M.A., Ph.D.,
D.Sc, Scientific Advisor to the Presi-
dent, Atomic Energy of Canada Limited.

Roy Aubrey Spencer, B.Sc, M.Sc, for-
merly Dean of Engineering, University
of Saskatchewan, now Consulting Engi-
neer, Saskatoon, Sask.

John Bertram Stirling, B.Sc, LL.D.,
President of E. G. M. Cape & Company,
Montreal, Que.

James Alfred Vance, President, James A.
Vance Company, General Contractors,
Woodstock, Ont.

SIR JOHN KENNEDY MEDAL (1958)
"Awarded as a recognition of outstanding
merit in the profession or of noteworthy
contributions to the science of engineer-
ing or to the benefit of the Institute".

Richard Edgar Heartz, B.Sc, LL.D.,
M.E.I.C, President and Director, The
Shawinigan Engineering Company Lim-
ited, Montreal, Que.

JULIAN C. SMITH MEDALS (1958)
"For achievement in the development of
Canada".

Norris Roy Crump, M.E., D.Eng., D.C.I.,
LL.D., D.Sc, M.E.I.C, President, Mem-
ber of Executive Committee and Direc-
tor, Canadian Pacific Railway, Montreal,
Que.

J. Alphonse Ouimet, B.Eng. (Elec),
M.E.I.C, President, The Canadian Broad-
casting Corporation, Ottawa, Ontário.

GZOWSKI MEDAL
"For the best paper of the medal year on
a civil engineering subject, "Civil" being
used in the limited sense to indicate
structural surveying and construction
work generally".

Raymond Edward Grout, B.Sc, M.E.I.C.
Chief Engineer, Electrical Divisision, The
Shawinigan Engineering Company Lim-
ited, Montreal, Que.

John Arthur Thomas, B.A., B.Sc, M.E.I.C.
Chief Engineer, Civil Division, The
Shawinigan Engineering Company Lim-
ited, Montreal, Que.

For their paper: "Engineering Features
of the Beechwood Development".

LEONARD MEDAL
"For papers on mining subjects".

Lazare E. Djingheuzian, M.C.I.M., Sénior
Engineer, Division of Mineral Dressing
and Process Metallurgy, Department of
Mines and Technical Surveys, Ottawa,
Ont.

For his paper: "A Study of Operating
Data from Ball Mines Operating in Que-
bec, Ontário and Manitoba".

PLUMMER MEDAL
"For papers on chemical and metallur-
gical subjects".

Robert Owen Kmg, B.A.Sc. ,
M.E.I.C, De-

fence Research Board, Department of
National Defence, Ottawa, Ont.

For his paper: "The Production of Ethyl-
ene by the Decomposition of N-Butane;
The Prevention of Carbon Formation by
the use of Chromium Plating".

DUGGAN MEDAL AND PRIZE
"For the best paper dealing with the use
of metais for structural and mechanical
purposes".

William Cumming Leith, B.A.Sc, M.A.Sc.

,

Mechanical Research Engineer, Dominion
Engineering Works Limited, Montreal,
Que.

For his paper: "Cavitation Damage To
Metals".

ROSS MEDAL
"For papers on electrical engineering sub-
jects".

Frederic Lewis Lawton. M.E.I.C, Chief
Engineer, Power Department, Aluminum
Laboratories, Montreal, Que.

For his paper: "Underground Hydro-
Electric Power Stations".

ROBERT W. ANGUS MEDAL
"For the best paper on a mechanical en-
gineering subject".

Lawrence Milton Boyd, B.Sc, M.E.I.C,
Chief Engineer, Hydraulic Division,

Dominion Engineering Works Limited,
Lachine, Que.

Walter Scott Mcllquham, B.Sc, M.E.I.C,
Hydraulic Engineer, Dominion Engi-
neering Works Limited, Lachine, Que.

For their paper: "Beechwood Kaplan Tur-
bines—Hydraulic and Mechanical Fea-
tures".

H N. RUTTAN PRIZE (Western Prov-
inces), JOHN GALBRAITH PRIZE (On-
tário); Committees recommended no
award this year.

ERNEST MARCEAU PRIZE i Quebec—
French), PHELPS JOHNSON PRIZE
(Quebec—English), MARTIN MURPHY
PRIZE (Maritimes): No papers reeeived.

Report of Council for the Year 1958

The General Secretary stated that the
Report of Council for 1958 is incorporated
in the Annual Report for 1958 which was
circulated to the membership as a sup-
plement to the April 1959 issue of The
Engineering Journal.

Treasurer's Report, Report of Finance
Committee, and Financial Statement
The Treasurer, Mr. T. W. Eadie, con-

veyed the apologies of Mr. Albert Des-
champs, Chairman of the Finance Com-
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MINUTES

mittee. for his inability to attend the
nieetiiig and present the Report of the
Financo Coiiimittee and Financial State-
nient. Mr. Eadic stated that the statement
of reveiuies and expenditures and the
balance sheet for 1958 is presented in
the Annual Report on Page 15, and has
been circulated to the membership. It
was thercfore his intention to merely
sunimarize the results on this occasion,
as follows:
"Revenues in 1958 were $27,000 below

the 1957 levei—a $4,000 increase in mem-
bership fees and a $5,000 increase in in-
vestment inconie was offset by a drop of
S36,000 in advertising revenues and sales.
Expensos on the other hand increased by
$54.000 to $595,000. This increase was
spread over a number of accounts and,
as the Chairmnn of the Finance Commit-
tee States on Page 3 of the Annual Re-
port. reflected among other things an
increased activity in the administrative
field at both the local and International
leveis.
"There were no appropriations to build-

ing. contingency or publication reserves.
There was a draw down from the pension
reserve of $2.400. The year's deficit was
S32.000 which had to be drawn from sur-
plus, reducing the surplus from $86,000 to
S54.000 and the assets from $462,000 to
$430,000. A deficit on operations is al-
ways a matter of concern and has been
receiving the continuing attention of the
Finance Committeé.
"While our budget for 1959 prepared at

the opening of the year contemplated a
possible deficit of $10,000 for the year
1959, the actual results to date suggest
that a balanced budget may be achieved
and you can be assured that the General
Secretary and ali members of the staff
are working assiduously to produce rev-
enues and to control expenses to this
end."

Motion for Approval of Report of Council,
Report of Finance Committeé and Finan-
cial Statement, and Treasurer's Report
For 1958

It was moved by Mr. J. W. Millar,
seconded by Mr. R. Prescott, and carried
unanimously, that the Report of Council,
The Report of the Finance Committeé,
The Financial Statement, and the Treas-
urer's Report for 1958, be accepted and
approved.

Committeé Reports
The General Secretary reported that the

Committeé Reports are incorporated in
the Annual Report for 1958 on Pages 16
to 23. It was moved by Dr. B. G. Ballard,
seconded by Mr. J. S. Waddington, and
carried unanimously, that the reports of
the following committees be taken as
read and approved:

Admissions
Harry F. Bennett Education Fund
Board of Examiners
Canadian Chamber of Commerce
Canadian Standards Association
Confederation
Life Members
Legislatlon
Papers
Poiicy
Prairie Water Problems
Professional Interests
Property
Publication
Student Polic.y
Technical Operations

Branch Reports
The General Secretary reported that

the Branch Reports are incorporated in
the Annual Report for 19,58 on Pages 24
to 39. It was moved by Professor J. B.
Mantle, seconded by Colonel W. A. Ca-
pelle, and carried unanimously that the
reports of the Branches and the Ontário
Division be taken as read and approved.

Business from the Annual Council
Meeting
The General Secretary reported that

no business had been referred specifically
from the Annual Council meeting held oh
June 7, 1959, to the Annual General
Meeting.

Confederation
The President stated that CounciTs re-

port on Confederation is printed on Page
6 of the Annual Report for 1958. He

invited Mr. T. Foulkes, Ottawa, Acting
Chairman of the E.I.C. Committeé on Con-
federation, to report to the Annual General
Meeting in the absence of Dr. I. R.
Tait, Chairman. Mr. Foulkes thanked the
President for this opportunity to address
the membership on the subject of the
work of the Committees on Confedera-
tion, and reminded those present that a
report of the E.I.C. Committees activities
is presented on Page 18 of the Annual
Report for 1958. Mr. Foulkes reported
that the Council of the Institute at its

meeting held in April 1959 approved the
joint report of the E.I.C. and C.C.P.E.
Committees on Confederation, dated
March 18, 1959. At the same meeting.
Council gave authority to the E.I.C. Com-
mitteé on Confederation to instruct the
General Secretary to proceed with mail-
ing a ballot on the principie of Confeder-
ation at an appropriate time to fully
pail-up corporate members. At the An-
nual Meeting of the Canadian Council
of Professional Engineers held in Winni-
peg on May 20 to 22, 1959, the members
of that body also accepted the joint re-
port, on the understanding that it would
ask its constituent bodies to appoint
members to the proposed Engineers'
Confederation Commission (previously
called a Provisional Council) and stipu-
lated that its approval did not bind it

to accepting the report of this Commis-
sion, but that this report should be sub-
mitted to the C.C.P.E. again for approval.
On receiving advice of this action, the
E.I.C. Committeé on Confederation con-
sulted with the President and requested
the General Secretary and his staff to
proceed with mailing the ballot to fully
paid-up corporate members of the Insti-
tute.
This was done on June 4, 1959: the

package consisted of a letter from the
President of the Institute, the joint re-
port of the E.I.C. and C.C.P.E. Commit-
tees on Confederation dated March 18,

1959, ballot paper, ballot envelope and
return envelope. In anticipation of a fa-
vourable ballot from the membership,
Council agreed at its Annual Meeting
held on Sunday, June 7, 1959, that it

would take preliminary steps towards
the appointment of E.I.C. members to
the Engineers' Confederation Commis-
sion. Mr. Foulkes emphasized that some
members of the E.I.C. Committeé on Con-
federation were present at the Annual
Meeting and would be pleased to answer
any questions or listen to suggestions
which might be directed towards them. He
said they would endeavour to give answers
to the questions in the light of present
documents, and to illustrate the spirit
behind the documents. This was the first
time that it had been possible to release
copies of the joint report to the mem-
bership, and the Institute members are
now being asked to vote on the report
and to say whether or not they are in
favour of the principie of Confederation
as outlined in the report. The Committeé
felt it necessar.v to have a mandate from
the membership on the principie of Con-
federation before undertaking the great
amount of work necessary to draw up a
final report and detailed plan of the org-
anization. He therefore urged the mem-
bership to vote as they wished, but vote.
This will enable the E.I.C. to continue
negotiations with the C.C.P.E. in draw-
ing up final documents for submission to
the membership of the respective bodies.

"The President thanked Mr. Foulkes for
his report and informed those present
that the subject of Confederation has
been much discussed by Council through-
out the year. Unfortunately, the Annual
General Meeting is the only occasion each
year when the membership as a whole
can discuss it with Councillors and the
members of the Confederation Commit-
teé. He therefore urged that there be
a full discussion on the subject.

Past-President L. F. Grant, Kingston,
stated that throughout these proceedings
he had noticed a great deal of ignorance
on the subject of Confederation. As Mr.
Foulkes had said, this was the first oppor-
tunity that the general membership had
had of seeing the proposals for Confedera-
tion. It was true that progress reports had
been published in The Engineering Jour>-
nal from time to time, and to that extent
the members should know what was going
on. Although this ballot commits the In-
stitute only to the general principies of
Confederation, there are certain aspects of
it that are causing deep concern. One of
these—and it miglit as well be faced—is

the elimination of the branches. There is
no provision for branches in the report:
there is no provision for the money to
operate the branches, and he wondered
if at the Branch Officers' Conference,
held the previous day, they had con-
sidered ways and means of operating
branches without money from Headquar-
ters. There had been a hope expressed
that something would be done to
enable the branches to continue, but
it is very different from the system
which has been sustained in the past.
It had been repeatedly said "leave these
things alone, they will ali be ironed out".
He submitted that it was too important
a question to be left to the bare pos-
sibility of it being "ironed out".

Colonel Grant said that a similar though
not identical question, is the lack of con-
tact of the individual member with the
new body. In the past a member has had
this through a councillor at his branch.
True that many councillors did not attend
meetings, especially those for whom access
was difficult. There were nonetheless very
few branches that, at some time or
another, had not sent a councillor to
attend a meeting when a question of
particular importance to them was to be
discussed. He did not know what was
the state of the other Associations. but
in Ontário he had seen no macMnery for
the individual member to approach Coun-
cil. He did not suppose that if a member
did. his approach would be thrown into
the waste basket, but the machinery to
which the E.I.C. membership is accus-
tomed does not exist there.
Colonel Grant expressed concern that

the Canadian Council of Professional En-
gineers was not sending out a ballot on
the principie of Confederation and that
the E.I.C. was therefore "out of step" by
doing so. It had always been a principie
of the two committees that the two ne-
gotiative bodies should march in step
but he did not think that this was now
the case.

There were several proposals in the re-
port which he did not like: he thought the
tendency was towards centralization and
domination by Headquarters. There are
only two vice-presidents. and the number
of councillors is much smaller. He did not
intend to go into details but he trusted
that branches would hold meetings on the
report prior to voting, and that at that
time they would consider the important
points which he had raised—the most vital

one being the apparent elimination of the
branches. (Applause).

Mr. Leo E. Roy. Montreal, a member of

the E.I.C. Committeé on Confederation,
said that he fully agreed with Colonel
Granfs view regarding the importance
of branches in the new Confederation.
He believed that the members of the
E.I C Committeé on Confederation had
investigated the matter very seriously
and that there are many difficul-

ties yet to be solved. He drew the meet-
ing's' attention to Clause 5 which he
read together with the explanation of
this Clause. He thought this proved that
the committeé is aware of the situation

regarding branches and urged that it be
borne ih mind that at present the vote
is merely on the principie of Confedera-
tion. He' was confident that the Engi-
neers' Confederation Commission would be
able to work out the problem of satisfy-

ine ali members of the new organization
if that meant having branches lApplauseK
Mr. W. L. Hutchison. Toronto, said he

wished to make one observation, namely.
that as an ordinary member of the Insti-

tute he had found it exceedingly diffi-

cult in the past to keep informed on the
work of the committeé, which he was
sure had worked assiduously. The points
enumerated by Colonel Grant concerned
him also, and he had several questions
on the report. His greatest concern was
the fact that members of the Institute
had not had the opportunity to know
some of the details behind the report
and, as a result of this, might vote "No"
and, in his estimation. reject something
which should be considered seriously. He
said that if the report were rejected at

this stage, it will not be possible to re-

sume Confederation negotiations for many
years. He urged that, although it is too
iate to do anything about the present
situation, the membership be kept better
informed from now onwards of the activ-

ities of the Engineers' Confederation
Commission, if it is appointed, so that if

and when a final vote is taken on Con-
federation, the membership is fuH>- awar-^
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of what it is voting for. (Applause).
Past-President J. B. Challies, Montreal,
said he was against the whole proposal: he
thought that the membership would find
that the majority of the Past-Presidents
are against it also. They felt that the rep-
resentatives of the Institute on the ioint
committee had "swallowed the bait" of
those who are so actively interested in

Confederation, "hook, line, and sinker".
There was no douljt about the fact
that if Cnnfederation goes through as it

is set up now, the E.I.C. becomes a
captive organization of the Provincial
Associations. He asked what was being
eained by it. When he was President of
the E.I.C. twenty years ago there was
one thing that he had learned, namely.
that the members of the E.I.C. hoped
that some day there would be a common
membership between the Institute and
the Associations but on a basis fair to
the E.I.C. and not on the basis at pres-
ent proposed. In his opinion the ballot
which had been sent to the membership
was irregular and illegal. It was received
the day before the Annual General Meet-
ing. The By-Laws state that the Council
must be informed of any proposed change
b.v October Ist and the membership
twenty-one days prior to the Annual Gen-
eral Meeting. He asked whether there
could be a more important change than
the one envisaged by Confederation. He
emphasized that there would no longer
be an independent E.I.C; instead it would
be dominated by the Associations. He
reminded the meeting that the Institute
had helped with the formation of the
Associations because the members of the
Institute were almost unanimously in
favour of a registration movement. He
again emphasized that the Institute By-
Laws require that any contemplated chanee
or addition to them must be discussed
both at an Annual General Meeting and
by each of the Branches. and must be
approved by Council. When a ballot
goes out to the membership, it must
be accompanied by a clear memo-
randum stating the arguments for and
asainst the proposed change. The con-
federation report accompanying the pres-
ent ballot was. he considered. the most
complicated document he had ever seen.

Dr. Challies said that he did not like
the idea of Confederation. Colonel Grant
had made a very important point. name-
ly. "what about the branches"? He asked
whether the E.I.C. was just going to let

the Associations say whether or not the
Montreal Branch and the Toronto Branch,
for example, could exist in the future. He
considered that the whole scheme was
"cockeyed" and he could not understand
how it had come about—unless it had
come about under cover. Dr, Challies
said he had no wish to stand in the way
of progress, but he did want this progress
to be on a fair basis for the E.I.C. and
on a basis that is worked out by the
E I.C. membership in accordance with
the E.I C. By-Laws. He understood that,
aenerally speaking, at the most i5% of
the members vote when a ballot is sent
round. As the present ballot is to be
decided by a simple ma.iority, he did not
consider that the vote would be represen-
tative of the Institute's membership. He
understood that the membership of only
one Assoniation had voted on the report
or would do so at this stage. He had
quarrelled with Irving Tait on this issue
and Dr. Tait had said "In one or two
cases the provincial registration bodies
would turn it down." Dr, Challies said
that he did not want to sit by and wait
for their decision: this was no answer to
the problem.
He contended that the E.I.C. is depen-

dent on its branches and that when the
branches begin to realize what is going
to happen under a new organization,
they will not accept the Confederation
proposal,

Dr. Challies said that although he was
not in good health, he had made up his
mind that if it was the last thing he did
for the Institute, he would be present at
this Annual General Meeting to warn
the membership not to vote for this
proposal, He asked if those present could
imagine the Canadian Parliament being
composed of representativos from the
various Provincial leeislatures. He was
confident that many E.I.C, members did

not understand the fuU implication of
this proposal to the future of the E.I.C.
In closing his remarks, Dr. Challies paid
deep tribute to the gentlemen who have
negotiated on the problem of Confeder-
ation. Although he was very much against
the proposal, he appreciated the fact that
those carrying out the negotiations on be-
half of both bodies had worked extremely
ha rd.
The President said he would like to

try and assure Dr. Challies that, in his
opinion, although he could be wrong, he
did not think the present ballot was iilegal
for the reasons Dr. Challies had set forth.
Dr. Challies replied that its legality might
well be contested in court. The Presi-
dent emphasized that the present Con-
federation ballot did not promulgate any-
thing. He regarded it merely as a vote
which, if favourable, would permit an-
other step of exploration to be begun.
In reply to some of the queries raised,

Mr. Foulkes drew the attention of those
present to Pages 10 and 12 of the joint
report. Part "D" of Page 10 outlines the
procedures to be followed by the Cana-
dian Council of Professional Engineers.
It will be noted that there is no provision
in that procedure to submit the matter to
the members of the Associations before
appointing the C.C.P.E. members to the
Engineers' Confederation Commission. On
Page 12, Part "E" of the joint report, it

is to be noted that the E.I.C. Committee
on Confederation insisted in Item 2 that
a report and ballot be submitted to the
membership of the Institute, thereby pre-
serving the democratic quality of its or-
ganization. The E.I.C. Committee members
did not think it fair to ask permission
to proceed with the details of trying to
consummate the Confederation or joint
body of engineers if the members of one
constituent body were not in favour of
the principie involved.

Mr. Foulkes said that there has been
no secret about the proposal for Con-
federation. He emphasized this by reading
extracts from the minutes of the
72nd Annual General Meeting of the In-
stitute, concerning Confederation.
Mr. Foulkes stated that the clauses

contained in the minutes of the special
meeting of the Council held in Quebec
City in May, 1958, had remained un-
changed except for Clause 8 where the
figure for fees had been altered from
Six Dollars to Six Dollars and Twenty-
Five Cents. He said the clauses had been
published and had been available for a
whole year for anyone on the member-
ship to read and to ask questions about.
The Institute had paid the expenses for
councillors to attend two special meetings
regarding Confederation — one held in
Quebec City in May, 1958, and one in
Toronto in January, 1959. In both cases
a fuU report on the proposals regarding
Confederation was either appended to
or contained in the minutes. In addition
the joint report of the Committees on
Confederation, dated March 18, 1959, was
discussed at the April meeting of the
Council of the Institute, and a copy of
it was appended to the minutes which
were sent to councillors and branch
chairman throughout the country. The
officers therefore had every opportunity
to present it to their executives and
branch members, and to discuss it with
them. He contended that the Institute is

a democratic organization under its pres-
ent method of representation, and that
information regarding Confederation pro-
posals had been passed on and made
available to the membership. He admit-
ted that when the ballot was mailed to
the membership on June 4 it was the
first time that a report on Confederation
had been put in the mailbox of each in-
dividual member eligible to receive it.

No change to the report had been made
in the last twelve months. From Page 7
onwards the report comprised an attempt
on the part of the E.I.C. Committee to
interpret the clauses, and in this work
the Committee had received a great deal
of help from the General Consultant.
He informed the meeting that the E.I.C.

representatives on the joint Committee
on Confederation had received great co-
operation from the representatives of the
C.C.P.E., ali of whom are also members
of the Institute. He said there had been
a spirit of "give and take" and that
none of the policy had been dictated by
paid servants of the Professional bodies.
He wished the meeting to know that,
with the exception of the Institute's
former General Secretary, there were no
paid staff of the Associations, the Corp-

oration or the Institute present at any of
the joint meetings.
Mr. Foulkes agreed that the question

of branches was one which required fur-
ther negotiation and caused the E.I.C.
Committee a great deal of concern. He
stated that the Committee had been act-
ing as the Institute's representative and
on occasion asked Council for guid-
ance. At the Annual Meeting of
Council on June 7, 1959, they asked for
ideas to improve proposed arrangements
for branch operation under the new or-
ganization, The proposal regarding branch
linancing was the best that the Joint
Committee had been able to agree upon
so far. If this Annual General Meeting
required something stronger than the
proposal as it now stood, it was perfectly
at liberty to inform the E.I.C. members
on the Engineers' Confederation Commis-
sion of its wishes in this matter.
Mr. Foulkes explained that the Council

members of the new organization would
have the rank of a President or Vice-
President of the Institute. For example,
in Ontário where there is the greatest
number of branches, some system of re-
gional communication would be set up
which would make it mandatory to keep
in touch with the representatives of the
branches. There was no reason why there
should not be some regional councils.
The business of running a national org-
anization is not new — service clubs
accomplish it and surely engineers
can work out a suitable method of
representation. The last thought that ex-
isted in the minds of those who had
prepared the joint report was that the
branches of the national body of engi-
neers should be eliminated.

In answering Mr. Hutchison's question,
Mr. Foulkes admitted that there may
have been some lack of publicity. The
reason had been that the E.I.C. and the
C.C.P.E. were anxious to keep in step
with one another. This was not possible
if one bod.v released a report on Con-
federation which might be embarrassing to
the other; in the initial stages of nego-
tiation it had been necessary to curb
publicity until agreement had been
reached. He thought it possible that pub-
licity regarding any future negotiations
may lapse into a period of quiet. He
was of the opinion that the activities of
the Engineers' Confederation Commission
should be reported at every meeting of
Council and releases on the status of
negotiations be made in The Engineering
Journal. (Applause).

Mr. F. A. Brown, Past-Chairman of the
Saguenay Branch, said he would like to
thank the members of the E.I.C. Com-
mittee on Confederation for their excel-
lent work. He said they are ali very
busy men who have given up much of
their time and he did not think the In-
stitute could be better represented on
the Joint Committee on Confederation.
As a past-chairman of a Branch he
liked the thought that the branches them-
selves would say whether or not they were
going to exist under the new organiza-
tion. They could not be legislated out of
existence. If the agreement did not con-
tain financial provision for them the
branches will have to work out a system
for themselves. He would like to see a
strong national body, and that he had
every confidence in the present Joint
Committee on Confederation.
Professor C. G. E. Downing, Guelph,

said that it appeared that the new national
body would consist of members of the
E.I.C. and the Associations and Corpor-
ation. He inquired about the status of
engineers in the CIC, CIMM, or other Can-
adian engineering groups. It appeared
that the membership in the new organ-
ization was mandatory, and he inauired
what was envisaged for "associate mem-
bers" such as are now supporting the
E.I.C. but who are not members of an
Association.

Mr. Foulkes recalled that when Mr.
Herbert Smith evolved his "Plan for

Unitv" he had hoped that the CIC, CIMM,
and other engineering groups would join
with the CCPE and the E.I.C. in the for-
mation of a national body of engineers.
The CIC and CIMM said that only a
portion of their membership were capable
of being registered as professional engi-
neers and that they would rather not
enter into negotiation. If any members
of their organizations were registered with
the Association or enrolled in the E.I.C,
under the proposed new plan they
would automatically be members of the
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new national body. Adequate provisioii
has been niade for "associate" or "affil-
iate" nienibers and an explanation is
Riven oii Page 8 of the report. Clause 2.
Mr. J. R. Rattie. Wiiinipeg. inqviired how
long it would bc before Confederation took
plaoe. Mr. Foulkes repiied that the pro-
posal laid down that the Commission
would be appointed for one year and pro-
vision was also made to extend its ac-
tivities for a further year. There had been
no definite date set for the completion of
negotiations and Mr. Foulkes thought that
if a favourable report and ballot were re-
ceived the earliest date for Confedera-
tion would be 1961. Judging from the
time it took to reach the present stage
in negotiations he did not think that
Confederation could be accomplished
within one year. Mr. Rettie said that if

this were the case the Winnipeg Branch
was looking forward to being host at
the Annual Meeting of the E.I.C. sched-
uled to be held in Winnipeg from May
25-27. 1960.

Mr. R. A. McGeachy, Sarnia, said that he
had attended many Council meetings and
he would like to stress that the gentle-
men who have been negotiating on be-
half of the E.I.C. are extremely honor-
able. that the whole joint committee is
working for the best interest of engineers
in Canada, and that there is no question
of one body trying to undermine the
other.

Professor L, E. Gads from Alberta said
he presumed when he reached home
after attending the Annual Meeting that
he would receive his ballot in the mail
and that he would mark it "yes" and
mail it back to Headquarters. He said
that he had been a member of the Ed-
monton Branch for about twenty years
as well as a member of the Provincial
Association, and he believed that he
could be termed as "an ordinary rank
and file member". He attended as manymeetmgs of both the Association and the
Institute as he could. and he had also
attended Annual Meetings of the Insti-
tute and the Provincial Association, and
believed that he had a reasonable under-
standing of the affairs of both organiza-
tions. He belonged to the 45% group
that answers and returns ballots when
they are sent out, and resented the im-
plication that he, as an average member,
was going to be so innocent as to be
"led down the garden path" and assist
in the dissolution of the E.I.C. ,iust be-
cause he is not a member of the E.I.C
Council. He also resented the implication
that the members elected to Office had
perpetrated something for which the
membership would be sorry. He remem-
bered the question of "unity" being dis-
cussed many years ago and even at that
time some people almost came to blows
on the question. He could see the im-
plications of the proposal clearly enough
to mark his ballot paper "yes" and he
hoped this would give the Engineers'
Confederation Commission an opportunity
to work out details for a new organiza-
tion and to present a clear picture of
its plans to the membership in the
future. (Applause).
Mr. R. F. Legget, Ottawa, stated that

If the new Engineers' Confederation Com-
mission were appointed when the result of
the ballot was known, this Annual General
Meeting might be the last one to which
the E.I.C. Committee on Confederation was
asked to report. Councillors knew that
there had been few committees of the
Institute which had devoted so much
attention to the Institute's affairs. He
considered it would be inappropriate to
allow the meeting to close without mov-
ing a vote of thanks to the E.I.C. Com-
mittee on Confederation, under the chair-
manship of Dr. I. R. Tait, for the splen-
did job they have done in the interests
of the engineering profession of Canada.
The motion was seconded by Past-Presi-
dent McKilIop and carried by acclama-
tion.

Report on Eleclion of Officers
The President reported that a new

President, three new Vice-Presidents rep-
resenting Quebec, Ontário and the West-
ern Provinces, and an appropriate num-
ber of councillors had been elected at
the December 1958 meeting of Council in
accordance with the By-Laws. These

would be formally introduced at the An-
nual Banquet, He introduced to the meet-
ing Mr. J. J. Hanna, Calgary, Alberta,
the Institute's new President for 1959.

PRESIDENT
J. J. Hanna, Calgary, Alberta

VICE-PRESIDENTS
Zone A (Western Provinces)
C. V. Antenbring, Winnipeg, Man.

Zone B (Province of Ontário)
R. B. Chandler, Port Arthur, Ont.

Zone C (Province of Quebec)
F. L. Lawton, Montreal, Que.

COUNCILLORS

Yukon, N. Gritzuk, (Whitehorse)
Vancouver Island, P. F. Fairfull, (Victoria)
Vancouver, P. N. Bland
Central Brltish Columbia. H. R. Hatfield,

(Penticton, B.C.)
Kootenay, A. F. Brooks, (Trail, B.C.)
Edmonton, T. H. Newton
Saskatchewan, A. H. Douglas, (Saskatoon)
Winnipeg, Stewart Barkwell
Lakehead, D. B. McKilIop, (Fort William)
Sudbury, F. A. Orange, (Copper Cliff)
London, A. L. Furanna
Port Hope, H. A. Gadd, (Cobourg, Ont.)
Kingston, J. W. Dolphin
Nipissing and Upper Ottawa, J. W. Millar,

(North Bay)
Toronto, R. Harvey Self
Belleville, A. D. Janitsch
Brockville, J. S. Waddington
Chalk River, C. A. Crawford
Ottawa, Hector Chaput
Montreal, T. N. Davidson, P. W. Gooch,

Jacques Hurtubise
Eastern Townships, A. S. Mitchell,

(Lennoxville)
St. Maurice Valley, Viggo Jepsen,

(Grand'Mere)
North Shore Lower St. Lawrence, B. M.

Monaghan, (Seven Islands)
Lower St. Lawrence, Jean R. Menard,

(Rimouski)
Saguenay, A. B. Sinclair, (Kenogami)
Baie Comeau, Charles Miller
Fredericton, S. B. Cassidy
Saint John, T. C. Higginson
Halifax, R. D. T. Wickwire
Prince Edward Island, N. F. Stewart,

(Charlottetown)
Amherst, Lawrence L. Spurr, (Sackville)
Corner Brook, M. C. Collins
Newfoundland, C. H. Conroy, (St. John's)
Border Cities, W. G. Mitchell, (Walkerville)

Vote of Thanks
It was moved by Past-President L. F.

Grant, seconded by Past-President Ross
L. Dobbin, and carried by acclamation
that a very hearty vote of thanks be
aocorded to the retiring President and
Members of Council in appreciation for
the work that they have done for the
Institute during the past year. The Pres-
ident said that he would like to transmit
this vote of thanks to the 1958 Council-
lors of the Institute. He stated that many
of them have attended meetings at con-
siderable personal inconveniem^e and that
he appreciated the work undertaken by
the individual Members of Council during
the past year.

Mr. F. L. Lawton stated that, having
on man.v occasions worked very closely
with them, he would not like to let this
opportunity pass without expressing his
own appreciation, and he hoped the ap-
preciation of the members, for the cour-
tesy, efficiency, promptness, and co-oper-
ation of the General Secretarv, Dr. Gar-
net T. Page, and his staff at E.I.C. Head-
quarters. (Applause). The President said
he hoped that Dr. Page and members of
the staff present at the meeting would
take note of this sentiment and iristructed
them to convey it to the members of the
staff not present.

Molion For Adjournment
It was moved by Mr. R. A. McGeachy,

seconded by Mr. J. H. Budden, and carried
unanimously that the 73rd Annual Gen-
eral Meeting of The Engineering Institute
of Canada be adjourned.
The meeting adjourned at 12.00 Noon.

President: K. F. Tupper
General Secretary: Garnet T. Page

The Engineering Institute of Canada.
2050 Mansfield Street.

Montreal, Que.
July 22, 1959.

NATIONAL CONFERENCE ON
PROFESSIONAL DEVELOPMENT
PROGRAMS

Over forty (ielegates from across

Canada attended the first national con-

ference on Professional Development
Programs June 9 at the Royai York
Hotel in Toronto. The fórum, held at

the same time as the E.I.Cs annual

meeting, was a milestone Ln the efforts

of young engineers to broaden tlieir

interest in non-technical subjects.

The newly formed National Commit-
tee on Professional Developments Pro-

grams undertook the organization of this

conference as the first of their projects

to bring together representatives of the

t\velve PD Programs in Canada and

to interest those local branches which are

not running programs in their work.

Set up in April, 1959, by tfie E.I.C.

Council to assist local branches. the

committee is chaired by Councillor

E. T. W. Bailey, of Hamilton, and

consists of a corresponding secretarv'

from each branch and a small e.\ecu-

tive drawn at present from past

members of the Hamilton, Niagara, and

Toronto Program Directorates.

Delegates to the conference were
welcomed by Dr. K. F. Tupper and

Dr. Page. Dean C. Wandmacher of the

Engineers' Council for Professional De-
Nelopment, which represents eight en-

gineering societies in tlie U.S.A. and

Can:ida, outlined activities going on in

the U.S.A. in professional development.

Do'^'tor Tupper and Dean Wandmacher
both paid tribute to tlie \\ork of Col.

L. F. Grant in starting tlie PD Programs
in Canada as former president of the

E.C.P.D.

Reports from twche PD Programs
across Canada sliowed enrolmcnts rang-

ing from 30 to 336. Program contents

ranged from four->ear integrated courscs

covering man>- fields (public speaking,

the art of listening, business adminis-

tration and finance) to detailed coursc<

on single subjects such as law and

economics. Some branches organize

courses with little outside help; othors

work closely with local universities.

Address by Dean Mordell, McGill

Dean Mordell of McGill Unixcrsity

opened tlie afternoon session, desoribing

three essential requirements for a suc-

cessful professional engineer — teclinical

abilit\', the po\\er to anal\'Se a problom

and to apph' sound scientific principies

to a wide range of technical probloms;

an appreciation of the brcKid vicw anti

an open mind to gain new knowlodgo;

the ability to understand and coni-

municate with otíier people, gi\ing

leadership when necessary. The univor-

sit>' can onl\- open an engineer s mind,

not complete his education. Dean
Mordell pointed out.

The miiversity, the individn.d, and

the profession ali play a part in making
the professional engineer, according to

the dean. The profe.s.sion is a coni-

niunitv and the members owe it to the

(Continucd on page 118)
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Presentation of

Honours and Awards

at Toronto, 1959

Honourary Memberships

Randolphe William Diamond, Trail, B.C.

David Arnold Keys, Deep River, Ont.

John Bertram Stirling, Montreal, Que.

Julian C. Smith Medals

Norris Roy Crump, m.e.i.c, Montreal, Que.

J. Alphonse Ouimet, m.e.i.c, Ottawa, Ont.

(accepted on his behalf btj J. E. Hatjes, m.e.i.c.)

Gzowski Medal

Raymond Edward Grout, Montreal, Que.

John Arthur Thomas, Montreal, Que.

Robert W. Angus Medal

Lawrence Milton Boyd, m.e.i.c, Montreal, Que.

Walter Scott Mcllquham, m.e.i.c, Montreal, Que.

Sir John
Kennedy Medal

Richard Edgar
Heartz, m.e.i.c,

Montreal, Que.

Leonard
Medal

Lazar Eruant
Djíngheuzian,
Ottawa, Ont.

Plummer
Medal

Uobtrt Owen King,
M.E.I.C,

Ottawa, Ont.

Duggan Medal
and Prize

William Cumming
Leith,

Montreal, Que.

Ross
Medal

Frederic Lewis
Lawton, m.e.i.c,

Montreal, Que.
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OTTAWA REGIONAL
THURSDAY & FRIDAY

CHATEAU LAURIER

1
REGISTRATION • by special forni as mailed to each member or by wiitíng

the treasurer of the Ottawa Branch, 2039, Prince Charles Road or during con-

ference at the lounge facilities.

ACCOMMODATION • at the Chateau Laiirier Hotel by the special form

maited to each member.

i
TECHNICAL PROGRAM • see details on opposite page. |

TECHNICAL DISPLAY «Atomic Energy Display and photographic pano-

rama of Ottawa district engineering achievements.

LUNCHEONS • luncheon meetings featuring outstanding speakers, in the

Ballroom. See details. ^

LADIES' PROGRAM • a special tour on Thursday afternoon and coffee party

on Friday morning have been arranged by the Engineers' Wives Association.

RECEPTION • i*^ tbe Drawing room for one hour prior to the dinner.

Dimfj^^p; DANCE • dinner in the Ballroom from 7.30 to 9.30 p.m. The presi-

dent, Mr. Hanna, will speak. From 9.30 to 12.30 p.m. the dance wiW be in full

svving (informal dress).

I

THE ENGINEERING INSTITUTE
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ECHNICAL CONFERENCE
CTOBER 15 & 16 19S9

OTTAWA CANADA

ElC TECHNICAL PROGRAM

FHURSDAY, OCTOBER 15

10:00 INTRODUCTION AND WELCOME
10:30 The Development of Fuel for NRU A. J. Mooradian, Superintendent,

Applied Engineering Development Branch, AEC.
11:15 Atomic Reactor Research Operations D. G. Breckon, Superintendent, NRX Reactor Branch, AEC.

12:30 LUNCHEON. Mr. Winnett Boyd wUl speak on

"The Nuclear Future of Canada— The Promise and the Prospects.

2:00

2:45

3.30

4:15

The Development of Fuel Celis and Thermo-electric Devices R. R. Jackson & E. L. R. Webb, N.R.C.

Application of Electronic Devices to Geophysical Surveying L. W. Morley, Dept. of Mines and
Technical Surveys.

Design of Paper Machine Drives W. Messervey, C.G.E.

Remote Control of Dufferin Falis Generating Station W. S. Watson & V. Gabruss,

Shawinigan Engineering Co. Ltd.

FRIDAY, OCTOBER 16

9:15 Engineering and Early Ottawa R. F. Legget, N.R.C.

0:00

L0:45

Ll:30

The Design of the Ottawa Sewage Treatment Plant J. W. MacLaren, N. D. Pappas & D. B. Clement
James F. MacLaren Associates.

Alignment Design of Highway Interchanges W. J. Malone of De Leuw
Cather ò- Co. of Canada Limited.

Subsurface Investigation for the Ottawa Sewer Tunnel G. C. McRostie, McRostie and Associates.

12.30 LUNCHEON. Dr. John Convey wiU speak on

"Mining and Metallurgy in the Ottawa Valley."

2:00 Development of the Hilton Mine at ShawviUe H. C. Gerber, General Superintendent,

Pit Operation at the Hilton Mine W. J. RiddeU.

Mill Operation at the Hilton Mine H. Halupka.

3:45 Winter Construction in Ottawa C. R. Crocker, N.R.C.

-GlLYTEAUXAURTER^

CANADA



Cut "open-trench" time— with

NO-CO-RODE^
SEWAGE AND DRAINAGE PIPE

No cement, lead, caulking or
special tools are needed with

"NO-CO-RODE" pipe. Installa-

tion is faster...fill goes in sooner
...costs are cut all down the line.

Choose durable, iightweight

"No-Co-Rode" ROOT-PROOF
Pipe— ideal for house sewers,

septic tank connections, and
storm drains . . . "No-Co-Rode"
PERFORATED Pipe for founda-

tion footing drains, septic tank

disposal beds and countless land

drainage uses.

*Trade Mork Registered

SAINT JOHN, N.B.

MONTREAL
TORONTO
WINNIPEG
VANCOUVER

MURRAY-BRANTFORD LIMITED

Monufactured by NO-CO-RODE COMPANY LIMITED, Cornwall, Ontário.

• MONTH TO MONTH

NATIONAL CONFERENCE
ON PROFESSIONAL

DEVELOPMENT PROGRAMS

(Continued from page 114)

community to help those aspirants who
are ptepared to work hard to join

the ranks of the profession. Giving a

young man his iron ring at the cere-

mony of the calhng of an engineer,

welcoming hini and then forgetting him,

is not enough. It is an encouraging sign

that many branches are organizing pro-

fessional development programs to help

the young engineer in this difficult

transition from university to becoming
a full-fledged member of tlie profes-

sion.

Dr. Lilhan Gilbreth, world-fainous

engineer and author, made an appear-

ance at the conference unexpectedl>\ and

e.vpressed her snpport for this t>pe of

program with its emphasis on the Ufe-

long education of the engineer.

Discussion Groups

The luncheon table discussion groups

brought up a variet>- of interesting ques-

tions concerning Professional Develop-

ment Programs. Among them:

"A PDP course was not organized by
our brancli because of the dixersity of

opinions regarding the kind of course

and subject matter." Discussion: It may
be that what engineers want is the

chance to discuss and think together

on a variet>' of subjects to leam to

express themseUes. If this is so, the

choice of subject matter is onl\- of

secondary importance.

"It was felt that there are sufficient

night schools and colleges available to

members, therefore we do not need a

PDP " Discussion: In many places these

courses are not a\ailable. Also, as Dean
Mordell mdicated, night schools and

technical courses provide technological

ínstruction rather than the broader

training.

"There is a lack of júnior members in

tlie area." Discussion: More attention

should be fociissed upon getting eni-

ployers to recognize die value of PDP.
A certificate could be given to engineers

completing the course. There could be

more co-ordination with the local E.I.C.

brandi and more contact with upper

leveis of managers and emplo\ers.

"These various organizations offor

similar courses to those offered b\' the

universities."

Discussion: Tliere are four main dif-

ferences. The PDP offers much groater

scope for participation, The PDP
courses are broader and designed to

awaken intcrcst rather than to gi\e com-

plete knowledge. They are designtxl

specifically to gi\e courses in non-

technical subjects to engineers. FourthK

.

PDP can probably riui courses more

cheaply than can a uni\ersit\
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NEWS OF THE

Associations and Corporation
Information received through co-operation of the provincial organizations.

Canadian Council

The Annual Meeting

Report abstracted from "The Professional

Engineer", July, 1959.

The 22nd annual meeting of Can-
adian Council was undoubtedly one of

the busiest and most productive meetings

ever held by this organization. A record

nuniber of twenty-one formal reports

were considered and many important

decisions were taken. An unprecedented
spirit of true co-operation was in evi-

dence throughout the proceedings and
the genial hospitality of the Manitoba
Association contributed in considerable

measure to the success of the meeting.

Most of the important problems con-

cerning the profession were discussed

and some of these are reported else-

where in this issue. Other matters dealt

with included the following.

Ethics—After two years of study, the

conimittee submitted its final report and
the proposed uniform Code of Ethics

has been referred to the Associations and
Corporation for consideration and study.

Federal Legislation—A report on current

federal legislation was tabled and in

order that Council be in a position to

take action quickly if required, in con-

nection with proposed new legislation,

the E.xecutive Committee was author-

ized to appoint a committee to deal with
legislative matters at Federal Govern-
ment levei.

Salaries—The method of dealing with the

question of engineers' salaries was fully

discussed and the representatives from
Brítish Columbia reported that their

Association, in the interest of uniform-
ity, was now prepared to endorse the

annual Report on Salaries of Profes-

sional Engineers by Leveis of Responsi-

bility as published by Canadian Council
in 19.58. It was therefore agrecd that

a new Report be published in 1959 with

the seal of approval of ali eleven Asso-

ciations. It was unanimously agreed to

continue the annual salary survey.

Amendments to Constitution—A number
of amendments to the Constitution of

the Council which were considered to

be urgent to improve the efficiency of

the organization and to regularize cur-

rent practices were approved. These in-

clude the addition of a President who
will not represent an association, to the

existing eleven members of the Council,

the President having the right to vote

only when the votes of the members are

equally divided; a new definition of the

duties and responsibilities of the Secre-

tary who will now use the title of Exec-

utive Secretary; an increase in the maxi-

mum assessment to $1.50 per member;
the creation of an Executive Committee
whose powers are deterniined by the

Council; and a few other amendments
of a minor natura.

Model Law—It was unanimously agreed

that a committee be formed to prepare

a Recommended Uniform Professional

Engineer's Act for the assistance and
guidance of the associations. This pro-

posed Model Act is intended to serve

as a guide with a view to attaining a

uniform high standard throughout Can-
ada.

Fees—A committee will be appointed to

study the question of fees and Consult-

ing practice on a national basis. It is

hoped that this step will assist in ob-

taining adequate and uniform schedules

of fees and high standards of Consult-

ing practice in ali provinces.

Engineers & Unions—The question of

engineers and labour unions received

considerable attention. Some associations

would make it unethical for their mem-
bers to voluntarily join labour unions

while others feel that other methods
should be used, such as assisting engin-

eers employed in large organizations in

making collective representations to

management. Although ali delegates

agreed that it is highly desirable to keep
Professional engineers out of labour

unions, no formal decision was taken.

Engineering Technicians—Several Asso-

ciations reported considerable interest

in this problem and a detailed report

of the activities of the Ontário Associa-

tion in this field was presented.

Counselling in Engineering—A detailed

report of the activities of the various

associations in this field was submitted

by the Secretary-Treasurer.

Syllabus of Examinations—After years of

study, the Committee on Revision of

the Uniform Syllabus of Examinations

submitted a report recommending sub-

stantial revisions to the Syllabus which

is presently in use in ali provinces.

Tariff Item 180e—A committee was ap-

pointed to investigate and study the

problem of tariffs on the importation

of engineering plans, drawings and speci-

fications and to recommend to this Coun-
cil any action that may be deemed ad-

visable in the best interest of the Can-
adian economy and of our profession.

Council Officers Elected

Officers of Canadian Council for 1959-

60, elected at the Winnipeg meeting

were:

President: Donald O. Turnbull, P.Eng.,

Past-President of the Association of Pro-

fessional Engineers of New Brunswick.

Mr. Turnbull is engaged in consulting

practice in St. John, New Brunswick.

Viçe-President: J. G. Dale, P.Eng.,

Past-President of the Association of Pro-

fessional Engineers of Alberta. Mr. Dale

is Manager of Customer Service & Util-

ization, Northwestern Utilities Ltd. in

Edmonton, Alberta.

Executive member: L. Wardrop,
P.Eng., President of the Association of

Professional Engineers of Manitoba. Mr.
Wardrop is engaged in consulting prac-

tice in Winnipeg, Manitoba.

Secretary-Treasurer: Leopold M. Na-
deau, P.Eng., of Ottawa.

Canadian Council Office

Permanent office of the Canadian
Council is now established at 77 Met-
calfe St., Ottawa, in charge of Leopold
NL Nadeau, executive secretary.

THE ENGINEERING JOURNAL—SEPTEMBER, 1959 119



B. F. Lamson, m.e.i.c. (Queen's '12) of

Proctor &: Redfein, Consulting Enginecrs,

Toronto, has been appointed special

representativo for the eompany's Niagara

Península area.

Colonel Wm. S. Hunt, m.e.i.c. (McGill

'36) has recently been appointed Cana-

dian Military, Naval and Air Attache to

Yugoslavia. Colonel Hunt was fomierly

electrical and mechanical engineer, East-

ern Command, at Halifax.

B. F. Lamson,
M.E.I.C.

Ervin B. Parrag,
M.E.I.C.

Ervin B. Parrag, m.e.i.c. (Budapest '26)

well-known engineer has opened his own
engineering consulting service in Mont-
real to be known as Ervin B. Parrag and
Associates.

Douglas F. Hamelin, m.e.i.c. (Califórnia

'29) has been tiansferred by Western
Water Wells & Hamelin Drilling Ltd.,

Calgary, to the company's branch in

Vancouver, where he vvill be manager of

B.C. operations.

W. L. McFaul, m.e.i.c. (Toronto '13) city

engineer and manager of w^aterworks for

the city of Hamilton, recently retired

after many years of service.

Leslie Harold McManus, m.e.i.c. (Alberta

'34) has been appointed Deputy Minister

of Highways for the Province of Alberta.

D. C. Holgate, m.e.i.c. (McGill '38) for-

merly of Sault Ste. Marie is general

manager of Dominion Brídge's Winnipeg
Branch.

D. C. Holgate,
m.e.i.c.

F. Allan Davis,
m.e.i.c.

Douglas F. J. Stuart Neil,

Hamelin, m.e.i.c.

m.e.i.c.

J. Stuart Neil, m.e.i.c. (Alberta '30) con-

struction engineer with McColl Frontenac
Oil, Calgary, has been elected chairman
of the Calgary branch of the Institute.

F. Allan Davis, m.e.i.c. (Queen's '40) has

been appointed division engineer, Petro-

leum and Petroleum-Chemical Division,

Foundation of Canada Engineering Cor-
poration (Fenco), Toronto.

Dr. J. J. Green m.e.i.c. (Portsmouth '28)

has been appointed chief superintendent

of the Canadian Armament Research and
Development Establishment, Valcaitier,

Que.

J. T. Dyment, m.e.i.c. (Toronto '29) chief

engineer with Trans-Canada Air Lines,

has been named a fellow of the Canadian
Aeronaiitical Institute. The honour is for

"notable and valuable contributions in

aeronautical scicnce or engineering."

Robert S. Stockton, m.e.i.c. (Colorado
'95) of Spokane, Wash. recently received
a distinguished achievement medal, the
highest honorary award of the Colorado
School of Mines.

John Campbell Sproule, m.e.i.c. (Alberta
'30) of J. C. Sproule & Associates, Cal-

gary, has been elected president of the

Canadian Institute of Mining and Metal-

lurgy in Montreal.

Robert L. Dunsmore, m.e.i.c.

(Queen's '15), retired president

of Champlain Oil Products, Mont-
real, and past president of tlie

Montreal Board of Trade, was
appointed chairman of tlie CBC
Board of Directors on August
17. Mr. Dunsmore, whose new
appointment is in effect until

March 31, 1960, has been act-

ing as chairman of the board
since June, when CBC President

J. Alphonse Ouimet became ill

and \'ice-President Ernest Bush-

nell went on vacation. Mr. Duns-
more up to this time has been
chairman of the CBC finance

committee.

F. Hugh Brennian, m.e.i.c. (McGill 44)

is the new vice-president and general

sales manager for Brencoat Sales Limited

of \'ille St. Pierre, Montreal.

H. W. Luckett, m.e.i.c. (Toronto '44)

who heads tlie newh- created Engine
Sales Division of Sheridan Equipment,
has been appointed Ontário distributor

for Alhs-Chalmers Engines.

Ben O. Baker, m.e.i.c. (Manitoba '40) has

been appointed director of weapons re-

search for The Defence Research Board

in Ottawa.

Ben O. Baker, R. A. Reid.

m.e.i.c. m.e.i.c.

R. A. Reid, m.e.i.c. (McGill '42) has been
appointed manager of manufacturing

Services at the Dominion Bridge head
office in Lachine.

R. F. Martin, m.e.i.c. (Nova Scotia '42),

city engineer with the St. John's Nfuni-

cipal Coimcil, has been eletHod chainiian

of the Newfoundland branch of the In-

stitute.
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• PERSONALS

Emil J. Sanden, m.e.i.c. (Alberta '46) of

tlie Alberta Department of Highways,

lias been appointed assistant chief en-

gineer for the Province of Alberta.

\'. E. McCune, m.e.i.c. (Alberta '46) lias

been named chief bridge engineer for the

DepartJTient of Highways in the Province

of Alberta.

D. E. Bumham, m.e.i.c. (Alberta '48) has

heen transferred by C.I.L. to the "Fabri-

koid" plant in New Toronto, as assistant

works manager.

Charles E. Garnett, m.e.i.c. has retired

after forty years as president, and latterly

Ls chairman, of Gorman's Ltd., Edmon-
íon. He will remain a director of the

Ldiiipany and devote his time to Edmon-
ton Elevator Service of which he is presi-

dent.

Kevin St. George, m.e.i.c. (N.S.T.C. '49),

Ijroject engineer at Bowater's Newfound-
land Pulp and Paper Mills, has been

elected chaimian of the Comer Brook

liranch of the Institute.

S. J. Medwadowski, m.e.i.c. (London '50)

Consulting engineer, is engaged in the

private practice as a consulting structural

engineering and in addition has been

teaching and conducting research at the

University of Califórnia.

D. W. Stairs, m.e.i.c. (McGill '48) is

the new chairman of the Saguenay
Branch of the Institute.

D. W. Stairs,

M.E.I.C.

Ronald E. Pelkey,

m.e.i.c.

Ronald E. Pelkey, m.e.i.c. (Saskatchew-

an '52), bridge design engineer with the

Department of Highways and Transpor-

tation in Saskatchewan, has been award-

ed an Esso Good Roads Scholarship to

the University of Illinois for postgradu-

ate work in structural engineering with

supplementary study in niathematics and
soil mechanics.

John E. Rymes, m.e.i.c. (Manitoba '51)

has been elected chairman of the Lake-
head branch of the Institute. Mr. Rymes
has been promoted to chief engineer, re-

search and development, Canadian Car,

Montreal.

Robert C. McDermott, m.e.i.c. (Toronto
'51) has been appointed manager, Electric

Products Sales, Eastern District, of Linde
Company, division of Union Carbide
Canada Limited, Toronto.

REINFORCING STEEL BARS
SPIRALS FOR COLUMN REtNFORCEMENT
Tl

BURLINGTON STEEL CO., LTD. HAMILTON, CANADA

Alan J. Scott, m.e.i.c. (Durham '44) chief

engineer of Consolidated Toronto De-
velopment Coq^oration has been elected

president of the Urban Development
Institute of Ontário.

B. W. Gilbert, m.e.i.c. (Toronto '48) of

Linde Company, division of Union Car-

bide Canada, Toronto, has been ap-

pointed assistant manager, Gas Products

Sales, Eastern District.

Dr, John L. Kearns m.e.i.c. (lowa '54)

has been appointed to the newly-estab-

lished Abitibi Professorship in Engineer-

ing Science at the University of Westem
Ontário.

Alan J. Scott,

m.e.i.c.

B. W. Gilbert,

m.e.i.c.

Richard E. J. Putman, m.e.i.c. of Ever-

shed & Vignoles (Canada), Toronto, has

recently been appointed resident en-

gineer, Western Canada.

L. R. Lauer, m.e.i.c. (Alberta '52) has

been appointed sales engineer for the

Toronto office of Canada Cement.

John E. Rymes,
M.E.I.C.

Robert C. McDermott,
M.E.I.C

Richard E. J. Putman,
m.e.i.c.

L. R. Lauer,

m.e.i.c.
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íound indurfrial placemenl

dependi ou

MANY THIN6S!

A modern plant in an attractive

setting is something to be desired.

It helps morale—and it has adver-

tising value, besides.

However, if the various factors

which combine to make the

financial statement also attractive

are not in balance—there's stormy
weather ahead for Management.

We have a technical staíF trained

in the economics of industrial

placement who could, we are sure,

be helpful if you are considering a

new plant location. You incur no
obligation in accepting our
cooperation.

Depf. of Research

& Development

Room 709, 407 McGill St.,

Montreal 1, Que.

Canadian

National
Railways

Industrial Development Offices al

MONCTON QUEBEC MONTREAL TORONTO
WINNIPEG EDMONTON VANCOUVER

NEW YORK, N.Y. DETROIT, MICH. LONDON, ENGLAND

• PERSONALS

J. W. MacNeill, m.e.i.c. (Saskatchewan
'58), foraierly of Ottawa, has been ap-

pointed executiva director of the South
Saskatchewan River Development Com-
mission, Regina.

J. W. MacNeill,
M.E.I.C.

J. W. Tremain, jr.e.i.c. (McGill '55) of

Canada Cement, Ottawa, has been named
sales engineer for the company's Edmon-
ton office.

J. W. Tremain,
JH.E.I.C.

Reginald T. Giovannetti, jR-E.i.c. (Nova
Scotia '52) has been promoted to plant

engineer manager, Shore Establishments'

East Coast Command, Department of

National Defence, Nova Scotia.

Reginald T. Giovannetti,

JR.E.I.C.

Arthur H. Abbott, jR e.i.c. (New Bruns-

wick '55) has taken a position with the

Engineering Development brandi of the

Department of Public Works in Ottawa.

S. H. Phillips, jR E.i.c. (Nova Scotia *52)

has joined the Transport Department of

The Toronto Star Ltd.

K. L. Currie, jr.e.i.c. (Queen's '56) has

recently been granted a National Re-

search Council Post-Doctoral Fellovvship

at Queen's University.

Jacques Charland, jr.e.i.c. (Lavai, '57),

traffic engineer with the Quebec De-
partment of Roads. will do postgraduate

work in traffic engineering at Yale Uni-

versity where he was awarded a Scholar-

ship by the Canadian Gnnd Roads As-

sociation.

Jacques Charland,
jr.e.i.c

Bryan K. Johnston, s.e.i.c. (Manitoba,

'36), resident engineer, Banff, Highways
Division, Federal Department of Pubhc
Works, has been awarded a Standard

Gravei Good Roads Scholarship to the

Institute of Transportation and Traffic

Engineering at the tfniversit>- of Cali-

fórnia where he will study for a master's

degree in traffic engineering.

Bryan K. Johnson,
S.E.I.C

Bóris R. Hryhorczuk, s.e.i.c. (Manitoba

'58), engineer with W. L. Wardrop &
Associates, Winnipeg, has been awarded

an Amico Drainage Good Roads Fellow-

ship to do postgraduate work in city

planning and traffic engineering at Yale

University.

Desmond H. Annala, jr.e.i.c. (Queen's

'57) is construction and waterworks

engineer with the Public Utilities Coni-

mission of the Cit>' of Port .\rthur.

J. E. Kean, jr.e.i.c. (N.S.T.C. '57) has

left Canadian Standards Association

Testing Laboratories in Toronto for the

compan> 's London, England office where

his position will be that of eléctrica!

engineer.

S. E. Pearce, jr.e.i.c. (Queen's '48^ of

Canadian Westinghouse, Hamilton, has

been named manager of their Mining,

Petroleum and Chemical Section.

Arthur A. Sloane, jr.e.i.c. (Toronto "50^

has become maintenance superintendont

for North Star Oil (Refiner>). St. Boni-

face, Man.

James G. Morrison, jr.e.i.c (Nova Scotia

'51) is general manager for Scotia Equip-

ment, Halifax.
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NEWS OF THE BRANCHES

Activities of the Fifty Branches of the Institute

and abstracts of the papers presented at their meetings

HAMILTON
M. W. MacKenzie, jr.e.i.c,

Correspondent

THE TENTH ANNUAL DANCE of the

E.I.C. Hamilton Branch, will be held

on Friday, September 25 at the Royai

Connaught Hotel.

The committee announces there will

be dancing from 9.00 p.m. to 1.30, with

a midnight buffet.

KITCHENER
ON TUESDAY MAY 12, 1959, the wives

of the executive met to discuss the

formation of an E.I.C. Wives' Club.

Mrs. Robertson of the E.I.C. Toronto

Office, was present to answer questions

and tell what the other wives' groups

are accomplishing.

It was decided to hold a membership
tea at the home of Mrs. Clare Leicht in

Kitchener, on Tuesday, June 16, when
one hundred ladies, wives of members
of the branch, were to be invited to join

the new club.

The following ladies agreed to act

as an executive of the club: chairman,

Mrs. L. J. R. Sanders, vice-chairman,

Mrs. K. W. Kaye; Kitchener: Mrs.

Walter Runge, Mrs. R. A. Dahmer, Mrs.

W. Bobbie, and Mrs. Clare Leicht;

Guelph: Mrs. F. H. Theakson and Mrs.

G. E. C. Downing; Galt: Mrs. William
Horner and Mrs. William Sheldon.

NIAGARA península
J. H. Travers, jr.e.i.c, Correspondent

THE 6TH ANNUAL PROFESSIONAL
ENGINEERS Ball will be held at Prud-
hommes Garden Centre on the Queen
Elizabeth Way at Vineland, on Friday,

September 25, 1959.

Publicity Director, J. H. Travers,

promises these attractions:

• Music by Mart Kenney and his

orchestra.

• A floor show, with two novelty acts

• Reception and cocktails at 6.00 p.m.
• Dinner at 7.00 p.m., dancing at

9.00 p.m.
• Cost, only $10.00 per couple.
• Refreshments.

R. T. Bailey is chairman of the dance
committee which is anticipating a good
crowd and a wonderful time.

OTTAWA
D. R. Crimes, jr.e.i.c, Correspondent

ELECTRONICS IN SOLIDS, SPACE
AND SOUND was the subject of a

demonstration lecture given on June 11,

1959, by Cyril N. Hoyler, manager of

technical relations of the David Sarnoff

Research Centre, R.C.A. Laboratories,

Princeton, N.J.

The developments discussed and shown
by Mr. Hoyler provide a dramatic pro-

gress report on the work of more than

250 R.C.A. scientists whose studies range

over the broad áreas of electronic ma-
teriais, devices and systems. The results

of this work lead to basic improvement
and innovation in electronic techniques

for the home, for industry, and for de-

fense. Solid state electronics is the de-

velopment and use of new solid materiais

witliin which electron action can be
precisely controlled to achieve a variety

of useful effects.

A NEW RECORD was established when
120 engineer golfers teed off at the

Arnprior Golf Club on June 19, a fine

sunny day, in the Fifth Annual Ottawa
Valley Engineers Golf Tournament.

Participating in this tournament were
members of the American Institute of

Electrical Engineers, the Association of

Professional Engineers of Ontário, the

Corporation of P.E. of Quebec, the Can-
adian Institute of Mining and Metallurgy,

the Chemical Institute of Canada. The
E.I.C. Ottawa Branch was the sponsor for

this year's tournament.

Hugh C. Brown was chairman of the

1959 committee, which included repre-

sentatives from each engineering organ-
ization and three honorary members:
Fred Wrangell, Blake Goodings, and Jack
Melville.

The low gross prize was won by M.
Ross of Ottawa with a score of 79; and
tlie Quebec Corporation Trophy, em-

blematic of golf supremacy in Ottawa
Valley Engineering circles, was pre-

sented to Mr. Ross by John S. Watt,

chairman of the E.I.C. Ottawa Branch.

A. S. Lawson of Ottawa was runner-

up, with a low gross of 80, closely

followed by R. D. Watson of Deep
River with 81. Some twenty prizes were
presented at the dinner following the

game.

Next year's tournament will be spon-

sored by the Association of Professional

Engineers of Ontário.

SAULT STE. MARIE
THE E.I.C. WIVES' ASSOCIATION
completed their first season in May. Or-

ganized in January, the group held a din-

ner in February, the annual meeting in

March, and a social evening with a

Chinese auction in May.

At the annual meeting officers were
elected as follows: president Mrs. W. M.
Hogg; vice-president, Mrs. G. L. Brown;
secretary, Mrs. V. A. Graham; treasurer,

Mrs. L. F. Mason-Tulby; chairman, pub-
licity, Mrs. N. A. Paolini; chairman, mem-
bership, Mrs. A. D. Taylor; chairman,

program and entertainment, Mrs. R. G.
Sanders.

TORONTO
Harry Tryhorn, m.e.i.c, Correspondent

THE JOINT AREA COMMITTEE (a

committee coordinating technical activi-

ties of Toronto branches of tlie E.I.C,

the American Society of Civil Engineers,

and the Institution of Civil Engineers)

announces the fali program:

On October 22, 1959, E. G. Swenson
of the National Research Council, will

speak on "An Unusual Canadian Case
of Cement Aggregate Reaction".

On November 19, 1959, W. E. Hickey,

chief engineer, Foundation Co. of Can-
ada, will talk about "Construction En-
gineering".

Ali meetings will be in Room E-21,
Electrical Building, University of Tor-

onto.
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LIBRARY NOTES

ADDITIOXS TO THE INSTITUTE LIBRARY* REVIEWS •BOOK NOTES •STANDARDS

BOOK NOTES

Prcpared by the Library, The Engineering Instítute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Eneineering Societies Library in New
York.

DESIGN OF PLUMBINC AND
DRAINACE SYSTEMS

This volume covers the basics of

American plumbing design and practice,

ineluding plumbing codes, footing drains,

water snpply, cleanouts, etc. In addition

ít deals vvith some specialized topics,

such as fire protection in tall buildings,

services for rescarch lalxjratories, motel

Systems, low cost housing projects, park-

ing area drainage, animal quarter ser-

vices and handling volatile fliiid wastes.

The author of this detailed guide and
reference book has had twenty years'

experience in the field. ( Louis Blender-

nian. New York, Industrial Press, 1959.

320p., $8.40.)

HANDBOOK OF AIR CONDITIONING,

HEATINC AND VENTILATING

The emphasis in this volume is on
vvorking data, and much of the informa-

tion is presented in the form of tables,

formulae, graphs and maps. The book is

divided into eight sections, each of which
has its own table of contents. There is

also a detailed index to the whole
volume.
The information given includes tables

of heat losses from insulated pipe; heat

losses through every standard typc of

window; data on steam flow in pipes;

tables of heat losses from buildings; com-
bnstion data for fuels; design data for

ali standard pipe and tube, including

plastics, etc.

Many experts have contributed to this

Handlwok, and the editor is the editor of

Air Conditioning, Heating and Ventilat-

ing. (Ed. by Clifford Strock. New York,

Industrial Press, 1959. irreg. paging,

$17.00.)

°elements of physical metallurgy,
2nd ed.

Both the theory and practice of physi-

cal metallurgy are presented by treating

current practical achievements in physical

metallurgy as examples of fundamental
principies. In this edition additions and
revisions have been made throughout
to bring the book up to date. The dislo-

cation theory is introduced, while addi-

tional material on the electron theory

of metais is given because of the in-

creased importance of electric phenomena
in semiconductors. A new chapter on
phases in metal systems is also included.

(A. G. Guy. Reading, Mass., Addison-

Wesley, 1959. 528p., $9.50.)

INTRODUCTION to ADVANCED DYNAMICS

An advanced undergraduate textbook,

covering ideas of classical dynamics not

usually discussed in courses on element-

ary mechanics, the emphasis being placed

on basic principies. It deals with: Nev^--

tonian dynamics; Hamilton's principie

and Lagrange's equations; central force

motion; dynamics of a rigid body; oscilla-

tory motion; Hamilton's equations and
phase space; the Hamilton-Jacobi equa-
tion. References for further reading are

included. (S. W. McCuskey. Reading,

Mass., Addison-Wesley, 1959. 263p..

$8.50.)

WATER TREATMENT

A concise practical survey of the

methods of water purification and treat-

ment now in use, intended primarily for

industrial users, public health officials

and swimming pool superintendents, al-

though it will be of wider interest, especi-

ally the chapter on chemical and physical

estimations.

The topics covered include coUection

and storage, filtration, chemical and other

methods of treatment, cffect of synthetic

detergents, and mussel control. Although
the emphasis is on standard British prac-

tice, the authors refer to papers published
in other countries, notably the U.S. A.,

and these are listed in the four-page
bibliography. (G. F. Mugele and A.

Wiseman. London, Newnes, 1958. 141p.,

21/-.)

ELSEVIEr's DICTIONARY of NUCLEAR
SCIENCE AND TECHNOLOGY', IN SIX

LANGUAGES

Another of the multi-lingual diction-

aries published by Elsevier, this vohune
contains over 4000 words in its basic list.

The words are listed alphabctically in

English, distinguishing British and l^S.

usage, and defined. Corresponding teniis

in German, Spanish, French, Italian and
Dutch appear on the opposite page.

There is an alphabetical hst for each

language, keyed to the basic list. (Comp.

by W. E. Clason. Toronto, \'an Nostrand,

19.58. 914p., $28.00.)

ELECTRICAL ENGINEERING: THEORY AND
PRACTICE, 2nD ed.

Based on an undergraduate course, the

emphasis is on tlie understanding of basic

principies and processes, with equal at-

tention given to die three major áreas,

circuits, machines and electronics.

In this enlarged edition, tlie section

on electronics has been reorganized to

include more material on the transistor

and senii-conductor, and a new section

has been added on magnetic amplifiers.

Many more problems have been included.

(W. H. Erickson and N. H. Brvant.

New York, Wiley, 1959. 614p., 88.00.)

ELECTRONICS FOR EVERYONE, REV. ED.

Assuming no knowledge of electricitv'

on the part of the reader, this volume
explains in relatively simple language

the history of electricit>- and its applica-

tions in condensers, batteries, coils and

tubes, and later in radio, radar, television.

both black and white and colour, x-ra\ s.

loran, satellite and missile electronics.

electronic cooker\% etc. There are man\-

illustrations, and suggestions for further

reading. ( Monroe Upton. New York,

Devin-Adair, 1959. 386p.. S6.95.

)

CONDUCTANCE DESIGN OF ACTIVE

CIRCUITS

The techniques described in this vol-

inne for the use of conductance curves

in the design of tube and transistor cir-

cuits have been developed over se\eral

years, and can reduce design and de-

velopment time, and increase reliability.

The topics covered include the basic

principies; the problem of data presen-

tation; design of simple circuits; imped-

ance and power amplifiers; r-f and i-f

amplifiers; special circuits; sine-wave

oscillators; multivibrators and relaxation

oscillators; mixers and detectoi-S; transistor

ampliers; high-frequenc\' transistor cir-

cuits. There is a bibhograph>-, mostI\- of

periodical aiticles b>^ tlie author,

who is on the staff of tlie Ballistic

Researcii Laboratories at the Alierdeen

l'ro\ ing Ground. ( K. A. Pullen. New
York, ifiider, 1959. 330p., $9.95.)

LINEAR STRVCTURAL ANALYSIS

.\ study of the equilibrium anab sis of

linear elastic structurcs. In this niethod

tlie changes in geomotiv of the structurcs

under load are sufficiently small to have
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a negligible e£Fect upon loads and their

corresponding stress distributions, and the

structiiral materiais obey Hooke's law.

This metliod of structural analysis is

described in conjunction with linear

matrix álgebra techniques. Topics dis-

cussed include influence coefficients; in-

determinancy; properties of matrices;

computation; scale factors; stress resultant

distributions, lack of fit and settlement;

transformations; release system relations;

flexibility matrix; and machine analysis.

(P. B. Morice. Toronto, Longmans,
Green, 1959. 170p., $7.00.)

*NUCLEAR ROCKET PROPULSION

Various aspects of the subject are

discussed including beat transfer, struc-

tural analysis, fluid flow, thermodynamics,
ballistic flight, reactor physics, and
radiation safety. Many sections of the

volume have applicability to ali types

of high-power density fission reactor de-

sign including mobile and ground power
reactors. A feature is the detailed ex-

planation, with examples, of the presently

used methods of systems analysis. ( R. W.
Bussard and R. D. DeLauer. Toronto,

McGraw-Hill, 1958. 370p., $11.50.)

DESIGN OF TRANSISTORIZED CIRCUITS FOR
DIGITAL COMPUTOHS

Written from the viewpoint of the

circuit designer, the book is concerned
with the design of transistorized digital

computers and digital type circuits.

Emphasis is on "worst-case" design tech-

niques so that circuits can operate with
resistors, voltages, transistor and diode
parameters, simultaneously oíí their

nominal values by the expected maximum
tolerances.

Some of the topics covered include:

basic building blocks in digital com-
puters; diode gating; voltage-switching
diode gate logic with transistor inverting

amplifiers; direct-coupled transistor logic;

design of flip-flops and delay multivibra-

tors. (A. I. Pressman. New York, Rider,

1959. 316p., $9.95.)

CLASSIFICATION AND INDEXING IN SCIENCE

The flood of scientific literature appear-
ing today has led many people to con-

sider the use of machines for infonnation

retrieval, but as the author points out in

his preface, behind every index or

machine there must be an analysis of

the subject matter.

This book discusses modem techniques
of subject analysis, the construction of

classification schedules, the classified

catalogue (which is used in the Institute

library), mechanical selection, indexing,

and the future of information retrieval.

(B. C. Vickery. Toronto, Butterworth,

1958. 185p., $5.50.)

INTRODUCTION TO STRESS ANALYSIS

A textbook for an introductory course

in stress analysis, placing tlie emphasis
on theory rather than empiricism. Some

DNLY iS FEET RE-WELDED!
L.A. Are Weldíng

Electrodes

INSTAUATION: Surge tank being built by Horton

SfeeI Works, Fort Erie, Ont., for Ontário Hydro's

Silver Falis power project.

SIZE: Overall height, 188 ft. 2"; shell, 175 ft. high

and 38 ft. diameter; shell plate fhickness, from 1 Jjj"

in bottoiti ring to ys" in top ring.

WELDING: 6400 linear feef — requiring 1 3,350 Ibs.

of L.A. 7018 electrodes. Radiograph Standard -

ASME Code - Section 8, Paragraph UW51.

In 2,400 feet of welding radiographed to

date on a giant new surge tank for Ontário
Hydro's Silver Falis power project near

Fort William, only 3 feet were re-welded.

This enviable record of welding excellence

is typical of the quality, performance
and reliability you get with L. A. are

welding electrodes. Pioneer of coated
electrodes for industry, Canadian
Liquid Air can supply the right eiectrode

for every type of are welding job — from
mild Steel electrodes to tough hardfacing

rods for heavy-duty earth-handling and
construction equipment.

Recent tripling of electrode-producing

capacity, plus a nation-wide distribution

network, means L.A. can bring you
speedy, on-the-spot service and delivery

of electrodes and accessories for every

welding need.

Canadian LIQUID AIR Company
LIMITED

Bronches, plants, stores and dealers from coast to coost.
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''Made in Canada"

STEEL CASE
BOURDON TUBE GAUGES

MORRISON
Designed and monufactured in Canada and fully

approved and registered in ali Canadion Provinces,

these new Steel Case Bourdon Tubc Gauges have

many long needed improvements. Diais are de-

signed for much clearer reading and a new type

ring eliminates shadows from the face. The Bourdon

tube assembly is of copper-alioy with brass tip and

Socket; the movement is made of special hard brass.

Several dial sizes are avoilable with standard pres-

sure ranges of 0-15 Ibs. to 0-600 Ibs.; also vacuum
30" mercury. Connections are Va" I.P. or Vi" I.P.

Write for full specifications or see your local Morrison jobber.
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of the topics the author has included are:

stress resultants in bars; stress and strain;

uniform stress; flexure; shear stress; buck-
ling phenomena; fatigue, creep, relaxa-

tion, etc; plates and shells; strain energy;

plasticity, elasticity and distortion. (C. O.
Harris, Galt, Brett-Macmillan, 1959.

330p., $7.50.)

GENERAL CIRCUIT THEORY

Another in the series of Monographs on
Physical Subjects, this book is a self-

contained development of circuit theory.

The emphasis throughout is on general

relationships, and the text covers the

general structure of circuits, general cir-

cuit theorems, linear passive four temiinal

circuits in the steady state, and in transi-

ents, and extensions to non-linear theor>'.

(Gordon Newstead. London, Methuen,
1959. 144p., 15/-.)

"ELECTRONIC CIRCUIT THEORY

The authors' approach to electronics

is based on circuit models so as to reduce
the number of separate ideas and con-

cepts required. In particular, piecewise-

hnear circuit models are used to convert

a nonlinear circuit problem to a nvmíber
of related linear problems. Thus, tlie

mathematics of linear circuit theory can

be applied to a broad class of phjsical

circuits and systems opierating in a non-

linear manner. Models are devised to

approximate the characteristics of diodes,

triodes, pentodes, transistors, and other

control devices, and graphical and geo-

metrical interpretations of anahses are

given. The effect of circuit and signal

on device operation is shown by nieans

of locus plots. Among the basic circuit

functions considered are rectification and
detection, waveshaping and amplification.

and wavefonn generation. (H. J. Zim-

merman and S. J. Mason. New York.

Wiley, 1959. 564p., $10.75.)

"pOWER PLANT THEORY AND DESIGN,

2nD ED.

A revised edition of the authors'

"Steam Power Plants" tliat covers the

entire range of p>o\\"er generating equip-

ment, with particular emphasis upon the

steam plant as the basic element. \Miile

giving principal attention to large central

power station design, the book also dis-

cusses tlie smaller industrial plants. .is

well as gas, hydroelectric, and nuclear

plants. Recent adv-ances are given in tlie

design of such equipment as cyclone

fiu-naces, pressurized boilers and de-

minerahzing equipment. The economic

aspects of equipment selection recei\e

increased emphasis and the proper selec-

tion of pipe sizes, insulation thickness.

heater tenninal differences. and station

pressiires and temperatures are full\- dis-

cu.ssed. (P. T. Potter. \'ew York, Ronald,

1959. 710p.," $10.50.)

"SYMPOSIUM ON SOLVENT EXTRACTION

IN THE ANALYSIS OF METALS

Papers covering tlie following aspects:

convergence of tie lines in temar>- liquiJ

systems and its application to hquid e\-

"QUALITY VALVES 5INCE 1864"

Xs moRRison BRflss
276 KING ST. W., TORONTO, ONT.
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traction; metais analysis wiUi Thenoyltri-

fluoracetone; use of tri-n-octylphosphine

oxide in analytical chemistry; 8-hydroxy-
quinaldine extractions applied to the

analysis of metais; use of organic solvents

in flame photometry. ( Philadelphia,
American Society for Testing Materials,

1958. s.t.p. no. 238. 54p., $2.25.)

'SYMPOSIUM ON HADIOACTIVITY IN

INDUSTRIAL WATER AND INDUSTRIAL
WASTE WATER

Because of the advent of nuclear power,
new problems have been created in the
field of industrial water techniques. Papers
are presented which discuss problems in

the reactor plant itself and in the asso-

ciated water waste. Methods of analysis

are described which include those for

radiation hazards. (Philadelphia, Ameri-
can Society for Testing Materials, 1958.
s.t.p. no. 235. 69p., $2.50.)

"SYNCHHONOUS MOTORS AND CONDENSERS

An introduction to the characteristics

of synchronous motors and to the prob-
lems encountered in selecting the most
suitable motor for a particular industrial

application. In addition infonnation is

provided on associated starting and con-
trol equipment and on various aspects
of protection for synchronous machines.
A concluding section discusses synchron-
ous condensers. (D. D. Stenhen. Toronto,
Ryerson, 1958. 500p., $12.00.)

SOVIET SPACE SCIENCE

Translated from the second Russian
edition, pubUshed at the end of 1957,
this book presents a good survey of as-

tronautics, and although the emphasis is

on Soviet achievement, the work being
done in other countries is recognized.
With the emphasis on celestial me-

chanics and rocketry, the author discusses

the laws of motion of artificial satellites,

and their motion relative to an observer
on the earth, construction and launching
of a satellite, man in space, communica-
tion with the ground, the return to earth,

artificial satellites of bodies of the solar

System, and the use of artificial satellites.

The author, who commenced his career
in France, has been concerned with as-

tronautics for more than 25 years, and
shows a great deal of knowledge of

Western work in the field. (Ari Shtern-
feld. New York, Basic Books, 1959. 361p.,
$6.00.)

"fGUNDATIGNS of INFORMATION THEORY

An analysis of the mathematical theory

of infonnation. The author discusses the

discrete channel with and without mem-
ory; the coding theorem for discrete

channels without memory; the semi-con-
tinuous channel without memory; the

binary symmetric channel. (A Feinstein.

Toronto, McGraw-Hill, 1958. 137p.,

$7.50.)

ELECTRICITY AND MAGNETISM, 3rd ED.

The M.K.S. system of units has been
adopted in this edition, necessitating

considerable changes in tlie sections of

Specífy

unique

3-way clutch

performance

OVER-RUNNING— continuoos free wheeling with low drag

INDEXING (inching)— fast and accurate

BACKSTOPPING- non-reversibility without backiash

MANY sprags (wedges) form the heart of
the PORMSPRAG clutch. In over-running,

indexing and backstopping actions, the.y

combine to give a powerfui grip—instontly

—oround the full circumference of the shaft.

Formsprag's exclusive, patented principie is

uniimited in application, yet this full-

complement sprag type clutch is extremely

simple in design and operation. There is a

size and model Formsprag clutch for every
application.

If you have work that calls for over-

running, indexing or backstopping, ask
RENOLD about FORMSPRAG clutches. They
are mode especially for your type of job.

Ask for catalogue.

RENOLD CHAINS CANADA LTD.
MONTREAL
QUEBEC

TORONTO
tONDON

HAMILTON
WINNIPEG

VANCOUVER
THREE RIVERS

the book dealng witli electromagnetic

and electrostatic theory, in addition to

general revision throughout the book.

An elementary text, useful also for

reference, the volume covers electricity

and matter; eífects of an electric current;

magnetism; circuits; thermoelectricity;

electrolysis; electromagnetism; measuring

instruments; principies of electric ma-
chines; principies of electrostatics; ele-

ments of thermionics. (A. C. Hirst. Glas-

gow, Blackie, 1959. 438p., £2.

)

FINANCIAL POST SURVEY OF OILS, 1959

Accordíng to this latest Survey, Can-

ada's oil industry is going through a key

period of consolidation which will set

the pattern for future growth, and world

events are pushing Canadian oil and gas

into an increasingly important role. De-
tails are given on active oil and gas com-
panies in Canada, covering production,

reserves, earnings, dividends, acreage in-

terests and management. There are also

special map sections and an eight-year

price range of stock movements. ( To-

ronto, Financial Post, 1959. 252p., $4.00.)

"SOLID STATE MAGNETIC AND
DIELECTRIC DEVICES

An account of solid state devices and

components using ferrites and titanates.

The book begins with a classical treat-

ment of magnetization and polarízation

and then proceeds to show the general

application of these principies to electro-

mechanical devices, small signal devices,

ferrites at microwave frequencies, mag-
netic and dielectric amplifiers, digital

techniques employing square loop ma-
teriais, magnetic recording, and magnetic

and dielectric measurements. Appendices
discuss specialized aspects of the subject

such as reciprocity in linear systems,

magnetoresistance, and parametric de-

vices. (Ed. by H. W. Katz. New York,

Wiley, 1959. 542p., $13.50.

)

THE ST. LAWRENCE SEAWAY

The first President of the St. Lawrence
Seaway Auathority tells his inside story

of the discussions and negotiations

which went on between Canada, the

U.S., and numerous other interested

parties before construction of the Sea-

way began, and in its early stages,

including the "battles" of the Montreal

bridges and the toUs. He outlines the

history of the earlier canais, the prob-

lems to be faced in building the Sea-

way, and how they were overcome.

( Lionel Chevrier. Toronto, Macmillan,

1959. 174p., $3.50.)

THE ST. LAWRENCE SEAWAY

Professor Hills of the Geography De-
partment of McGill University has

written the story of tlie long chain of
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Hopkinson-Ferranti porallel-slide gate volves on feed

line at Saskatchewan Power Corporation'5

A.L. Cole Generoting Staíion, Saskotoon,

GATE VALVES
ON THROTTLING SERVICE?
...ROUTINE for Hopkinsons' "Parallel-Slide" Valves

Recommended for ali stop valve applications and, also, as sen-

sitive, accurate and reliable regulating valves, Hopkinson-Ferranti

valves are being supplied in quantity for every major thermal power

generating station currently under construction in Canada.

The self-adjusting, self-cleaning slide action of this valve assures

easy operation and fluid tightness at ali pressures and temperatures.

"Platnam" discs and seat rings have low co-eíificients of friction, are

highly resistant to erosion and corrosion and are virtually unaffected

at elevated pressures and temperatures.

Labour, maintenance and shut-down costs are still climbing.

More than ever before, Hopkinsons' quality spells economy. Whether

you are building a new plant, extending present facilities or setting

up a re-valving programme, Hopkinsons' complete range of valves

and boiler fittings for ali pressures and temperatures can serve you

better than any others. Write to Peacock Brothers Limited, P.O. Box

1 040, Montreal 3, Que. or contact your nearest Peacock branch office.

HOPKINSONS LIMITED — HUDDERSFIELD, ENGLAND
Manufacturers of Valves and Boiler Fittings for over 100 years

• LIBRARY NOTES

events leading up to the construction of

the Seavvay and Power projects. He
places the project in its geographical

setting, and traces the early exploration

of the system and early canais, to the

end of the 14-foot canal era. He con-

siders both the Canadian and U.S. views

on the Project, and tlie work done be-

fore construction was started, and out-

lines the actual construction. In a final

chapter he discusses the economic pros-

pects of the Seaway, as distinct from
the Power project which is an assured

success. (T. L. Hills. London, Methuen,
1959. 157p., $2.50.)

SHIPS AND THE SEAVV'AY

In this book the general reader will

find information about the Sea\\'ay, and
the ships which saú it. The first section

of the book describes the Seaway from
the Gulf of St. Lawrence to the Lake-

head, with a final chapter on measures

taken to overcome the ice problem. The
second section describes the ships of the

different lines which will be using the

Seaway, and the house flags and funnel

colours of forty major sliipping com-
panies are illustrated on the end papers.

(F. J. Bullock. Toronto, Dent, 1959.

115p., $3.95.)

"fAST HEACTIONS IN SOLIDS

Deals with recent experimental im est-

igations into the mechanism hy wliich

an explosion can be initiated in a solid,

and in particular witli the mechanism

b\- \\ hich a cr> stal can decompose when
siibjected to heat, light, shock, or nu-

clear radiation. High resolution electron

niicroscop>' conibined with electron dif-

fraction is used to in\estigate the earl>'

stage of decomposition, and high-speed

photography and fast electronic methods

are emplo\'ed to follow tlie rapid reac-

tion. An important application of the

subject matter is the accurate control

of the burning of explosixe materiais.

(F. P. Bowden and .\. D. Yoffe. Toronto,

Butterworth, 1958. 164p., 87.00.)

'SYMPOSIVM ON SOME APPROACHES TO

DVRABILITY IX STRCCTURES

Papers dealing with nonmetallic ma-

teriais that are generally used in stnic-

tures where weather plaxs a major part

in the durabilit>- of the structure. The

problems of \ariations of Idnds of ex-

posure and of associated moisture migra-

tions are discussed. (Philadelphia, Amer-

ican Societ\- for Testing Materials, s.t.p.

no. 236. 67p., $2.50.)

"SYMPOSnJM ON ADVANCES IN

ELECTRON METALLURGY"

New and comprehensi\e techniques

for the study of materiais through tlie

use of the electron microscope are

described and include direct tran.smis-

sion electron microscop>\ electron probe

microanalysis, studies of the microstnic-

tme of age-hardenable and hcat-resistant

alloys, and impro\ed techniques in

specimcn preparatioii and replication.

REPRESENTED IN CANADA SY

PEACOCK BROTHERS LIMITED
MONTREAL

SYDNEY • TORONTO • SUDBURY • WINNIPEG • EDMONTON • CALGARY • VANCOUVER
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(Philadelphia, American Society for

Testing Materials, s.t.p. no. 245. 120p.,

$4.00.)

"SYMPOSIUM ON CLEANING OF ELECTRONIC

DEVICE COMPONENTS AND MATERIALS

Papers which discuss various aspects

of the current knowledge concerning

decontamination of electron devices, in-

cluding both semiconductors and tubes.

(Pliiladelphia, American Society for

Testing Materials, s.t.p. no. 246. 220p.,

$6.50.)

"SYMPOSIUM ON BASIC MECHANISMS OF

FATIGUE

Papers discussing the mechanisms of

failure such as dislocations, internai

friction, crytalline and structural

changes, and surface disintegrations. In

addition to clarifying the mechanisms

leading to fatigue damage, the papers

emphasize the statistical nature of the

material behavior under cyclic loadings.

(Philadelphia, American Society for

Testing Materials, 1958. s.t.p. no. 237.

121p., $3.75.)

'air pollution control

Presents the basic factors that should

be considered in any air pollution con-

trol program. Beginning with an ex-

planation of the effects of air pollution

and the importance of meteorological

variables, there follows a discussion of

the nature and source of the more

common air pollutants. Detailed con-

sideration is then given to the methods

of determining the amounts of various

contaminants in the air, the most ap-

propriate means of controlling emissions

at the source, and the legal means avail-

able for control. Newer aspects such

as the automobile exhaust problem and

the hazards of radio-activity are also

discussed. (W. L. Faith. New York,

Wiley, 1959. 259p., $8.50.)

"an INTRODUCTION to CHEMICAL
ENGINEERING

An introductory text that presents the

fundamental concepts upon which

chemical engineering is based. After

preliminary material discussing chemical

engineering as a career the authors dis-

cuss process variables, molecular units,

compositions of mixtures and gases, PVT
relations for gases, mixtures of gases

and vapors, material balances, energy

balances, and equilibria in chemical sys-

tems. (C. E. Littlejohn and G. F. Mee-
naghan. New York, Reinhold, 1959.

271p., $7.80.)

°FLUID-DYNAMIC DRAG, 2nD ED.

A comprehensive presentation of in-

formation on drag or fluid-dynamic re-

sistance. The present edition has been
extended to include the resistance of

bodies in water, wind loads on buildings,

and three new chapters dealing with

aerodynamic drag at transonic, super-

sonic, and hypersonic speeds. Each chap-

ter begins with theoretical aspects and

The New Holy Names College for Gíris,
Montreal, Que.

Heated by five Volcano Starfire Automatic Boilers (three 350 HP,

one 200 HP ond one 40 HP) which also heat the convent seen in the background.

Architecf: Felix Racicot, Montreal

Consulting Architecf: Jean-Morie Lafleur, Montreal

Consulting Engineers: Archambault & Roy, Montreal
Gaston Ste. Marie, T.P. Montreal

General Coniractor: Duroc Construction Inc., Montreal

Heating Contractor: J. W. Jette Limited, Montreal

íf: Starfire Automatic Boilers Reduce
Costs and Breakdowns

• Most modem combination boiler

and oil-or-gas firing unit— 9 H.P,
to 500 H.P.

• A complete unit — compact design

fits into small boiler-room space —
and easy to install.

• No foundation or large chimney
needed (requires only vent pipe to

clear surrounding building) — con-

nect to steam, water, fuel and elec-

tric lines—and it's ready to operate.

• Economical.

More Iban a century

of specialized experience

VOLCANO LIMITED
8635 St. Lawrence BIvd., Montreal, Que.

Works: St. Hyocinthe, Que.

Bronches: Toronto • Quebec City

Sales and Service Representatives

in ali principal cities

CANADA S LEADING MANUFACTURER OF AUTOMATIC HEATING EOUIPMENT
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proNides references to fundamental

papers on the subject. This is followed

h>- diatíranis, tables, and curves giving

the known experimental nieasurements.

0\er 2000 references on the subject are

iuchided. (S. F. Iloerner. Published by
the Author, Midland Park, New Jersey,

1958. 400p., $15.00.)

"HEFRACTORIES lUBLlOGRAPHY 1947-1956

This \olunie continues the previous

compilation which covered the period

1928-1947. Over 9,500 abstracts from

the periodical literatura and patents are

included, and relate to the raw materiais,

manufacture, properties, and uses of

refractories. Refractories in ali phases of

industrial use are covered, including

glass industry, petroleum industry, and
foundry refractories, as well as refrac-

tories for the iron and steel industry.

Developments in high temperature ma-
teriais are given particular emphasis.

(Compiled by The Joint Refractory

Committee of the American Iron and
Steel Instituto and The Refractories In-

stitute. Toronto, Burns and MacEach-
ern, 1959. 1822p., $9.50.)

"PLASTIC DESIGN IN STEEL

Methods are given for designing con-

tinuous Steel structures on the basis of

their ultimate or plastic strength. The
chapters contained deal with plastic

theory applied to bending, effect of

axial load on bending resistance,

shear and web crippling, bracing

requirements, non-symmetrical sections,

haunched connections, design of con-

tinuous beams, design of single span

rigid frames, and design of multi-span

rigid frames. (Toronto, Canadian In-

stitute of Steel Construction, 1959. 93p.,

$4.00.)

"radiation hazards and protection

The nature of the radiation hazard is

explained and the leveis of radiation

which are accepted as safe are pre-

sented. The authors then discuss the

protective methods by which these safe

leveis can be attained, and the ineasure-

ments that will show whether satisfac-

tory conditions have been achieved. In

a concluding section the radiological

hazards arising from atomic warfare are

examined, together with the protective

measures possible. A considerable por-

tion of the book is devoted to various

types of instrumentation. (D. E. Barnes

and D. Tavlor. London, Newnes, 1959.

178p., 30,'-.)

"iNTERFERENCE BETWEEN POWER SYSTEMS
AND TELECOMMUNICATION LINES

The problems posed by interference

and their solutions are discussed at

length in this monograph, which covers

coupling between circuits, the charac-

teristics of power systems that effect

telecommunication systems adversely, the

effects in telecommunication circuits

arising from interference, telephone in-

terference by induction at audio fre-

quencies, variations in effects due to

different types of power lines, and re-

duction of interference. An extensive

bibliography is included. (H. R. J.

Klewe. Toronto, Macmillan, 1958. 256p.,

S14.00.)

"CONDUCTION OF HEAT IN SOLIDS, 2nD ED.

This edition has been expanded to

proxdde as complete an account of the

subject as can be encompassed in one
volume. To achie\e this purpose, many
new results have been added, and cer-

tain parts of the discussion have been
extended, as is the case with heat

generation, surface heating. geoph\sical

applications, anistropic media, moving
media, and substances with variable

thernial properties. Three new chapters

dealing with melting and freezing, in-

tegral transforms and numérica! metli-

cds, as well as a number of new tables

and text figures giving numerical in-

formation have also been added. (H. S.

(Continued ou page 159)

URANIUM EXTRACTION TANKS

AT GUNNAR MINES

Fabricated By

pacpipe

Gunnar Mines Ltd. at Uranium City, Saskat-

chewan specified twenty-six "Pacpipe" wood
stave tanks for their acid leaehing section.

Twelve Agitator Tanks 20 feet diameter 20
feet high, and fourteen other tanks were fabri-

cated by "Pacpipe" from acid resistant B.C. Fir.

For over 50 years "Pacpipe" has served Can-
ada's Mining Industry with: Water Reservoirs,

Pachuca Tanks, Clarifiers, Agitators and
Thickeners, Dry Ore Bins, Concentrate Storage

Tanks, etc.

Long life "Pacpipe" is the practical, económica!
answer to water and acid solution handling
problems. Write for free "Pacpipe" Catalogue.

View ot battery of twelve Pacpipe Agitotor tanks ot Gunnor Mines.

PHCIFIC CDHST PIPECc:il
pacpipe

701 BEACH AVENUE ESTABLISHED 1904 VANCOUVER 1, CANADA
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Canmark Services Limited has been es-

tablished to provida engineering sales

and Services across Canada. Formed by
a groiip of 12 companies, of wliich Mont-
real Aniiatiire Works Ltd. is one, the

new enterprise has headquarters in Tor-

onto at 131 Bermondsey Road.

Piggott Construction Ltd. have placed an

order of some 30 Caterpillar machines,
incliiding D9 and D8 tractors, scrapers

and motor graders with Kramer Tractor

Company, Ltd. The Piggott firm was
siiccessful bidder on Stage 2 of embank-
nient work at the South Saskatchewan
river dam project.

Quartzline lamps—The Canadian Gen-
eral Electric Company Limited have an-

iiounced a new line of quartzline lamps
which will be available first in 500-watt
and 1500-watt sizes. The company 's

lamp department states that the growing
líne of pencil-thin tubular quartz lamps
represents the first successful application

of a repeating iodine cycle principie to

lamp-making.

New Hardfacing Electrode—A new low
liydrogen electrode, depositing a hard-
facing weld metal of a new type is an-

nounced by ESAB Are Rods Ltd., Mont-
real. It has, it is claimed, a very high
degree of crack resistance with or with-
out preheat.

Imperial Oil Limited have put out a re-

vised edition of their booklet "Facts and
Figures about Oil in Canada".

Atlas Asbestos Company Limited, manu-
facturers of "Turnall" asbestos-cement
pressure and sewer pipe has released a

14-page guide to the writing of sewer
pipe specifications. Available from any
branoh office of Atlas Asbestos Company
Limited.

Hughes-Owens Co. Ltd., 1440 McGill
College Avenue, Montreal, is the Can-
adian agent and distributor for optical

Instruments for the metal working in-

«lustry manufactured by M. Hensoldt &
Son, Optical Works, Wetzlar, Gemiany.

Public Works Contracts Awarded—Con-
tracts involving expenditiires totalling

$5,993,610 were awarded by the Federal
Department of Public Works during the

month of May, 1959. During the month
of June contracts awarded totalled $12,-

863,810. The amount for new works in

building construction and harbours and
rivers engineering in May was $2,198,-

802 and in June $7,585,266; for re-

pair and maintenance of existing stnic-

tures in May $270,520 and in June $1,-

187,108; for the construction of high-
ways and bridges in May $3,054,544
and in June $3,718,236; and for dredging
in May $469,744 and in June $373,200.

Pirelli Cables, Conduits Limited appoint-
ment. Announcement has recently been
made of the appointment of John J.

Haines as technical representative for

Pirelli Cables, Conduits Limited, at-

tached to Head Office Sales Montreal.

FRONT BACK

Here it is!

..the only true

two-wire system

for

electric process

controi

!

CENTRE SPREAD

HONEYWELL CONTROLS LIMITED AWARD WINNING INSERT

The four page insert shown above has been voted the best in the June issue by

the fifty readers who were asked to judge the advertisements in that issue. The

judging was based on ACCURACY-INFORMATION and ATTRACTION. Please

turn to pages 33 to 36 of your copy of the June issue to see the actual advertisement.

E.I.C. CERTIFICATE OF ADVERTISING MERIT
The fifty readers who were asked to

judge the advertisements in the June

issue from the viewpoints of ACCURACY
- INFORMATION - ATTRACTION,

voted greatly in favour of the four page

insert of HONEYWELL CONTROLS
LIMITED, which appeared on pages

33 to 36.

The winning insert, printed in yellow,

red, and black, features HONEYWELL'S

new "ElectriK Tel-O-Set System". The

copy describes in a very concise man-

ner how the system functions. The use

of colour in the advertisement makes it

very dominating.

The insert was prepared and placed

by Cockfield, Brown & Co. Ltd. of

Toronto. The person in charge of ad-

vertising at the Company is Mr. K. K.

Warne, Merchandising Manager.
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Wben you neecf

Hígh strength..

light weight... ^/7d/ío/)

insulating effeet/veness

Specify

J-M THERIVIOBESTOS®-fhe heat insulation

desígned for outdoor process industries

For insulating outdoor process equip-

ment, only Johns-ManvilleThermobestos
adds so many physical advantages to

unsurpassed insulating efficiency.

To its low thermal conductivity, there's

the welcome addition of strength and
rigidity. Similar in chemistry to Portland

cement, Thermobestos resists crushing

. . . easily withstands unusual operating

abuse without appreciable damage. As
for weight, you can lift even the largest

piece of the material with one hand. And,

of course, Thermobestos is not damaged
by prolonged wetting or exposure to

water vapor.

This unique combination of proper-

ties means excellent temperature control

(to 1200F) and minimum maintenance

cost. It is ideal for oil refineries, chemi-

cal processing plants and other plants

with outdoor vessels and hot piping.

Made from hydrous calcium silicate,

Thermobestos is molded to size for

proper fit. Its high strength makes it

particularly adaptable for time-saving

shop prefabrication of fittings and

bends. Thermobestos is easy to apply,

and is fumished in large sections which

reduce the number of joints. In half-

section form it comes in sizes up to 24"

pipe diameter by 3" thickness. Also

available in 6" x 36" and 12" x 36"

blocks in a full range of thicknesses. For

Information write to Dept. IA, Can-

adian Johns-Manville Co. Ltd., Port

Credit, Ont. Ask forbrochure IN-169A.

1-4035

JOHNS-MANVILLE
jT<HWS-»l»irvTH.l
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Carslavv and J. C. Jaeger. Toronto, Ox-

ford University Press. 510p., $12.75.)

*ANALYSIS DF ELECTROPLATING AND
HELATED SOLUTIONS, 2nD ED.

Over three hundred methods are given

for the determination of principal con-

stituents and impurities, together with

chapters on sampling, and control of

cleaners, the analysis of plating salts

and of water, the physical and physico-

chemical methods of analysis, the prep-

aration of standard Solutions for volu-

metria analysis, and many tables. In

this edition the text has been partially

rewritten and forty new methods, mainly

based on the use of ethylene diamine

tetra-acetic acid, have been added.

(K. E. Langford. Teddington, England,

Robert Draper, 1958. 423p., $9.00.)

STANDARDS RECEIVED
ASTM sfandards. American Society

for Testing Materials, 1916 Race St.,

Philadelphia 3, Pa.

ASTM specifications for steel piping
materiais. $6.00.
ASTM standards on wood, wood preserva-
tives, and related materiais. $5.50.

Canadian standards. Canadian Stand-

ards Association, 235 Montreal Rd., Ot-

tawa 2.

C22.2 No. 42-1959: Construction and test
of receptacles. plugs, and similar wiring
devices. 3rd ed. $1.75.

TECHNICAL BULLETINS
AND PAMPHLETS RECEIVED

Aeronautics

Experiments with screens and grids for
suppressing jet engine noise, by H. U.
Wisniowski. Ottawa, National Aeronauti-
cal Establishment. 1958. (Laboratorv Re-
port 231)

Amplifiers

Low-frequency amplifiers, ed. by A.
Schure. New York, Rider, 1959. $1.80.

Automation

NOMA automation bibliography.
NOMA glossary of automation terms.
Willow Grove, Penn., National Office
Management Association, 1958. $2.00 each.

Cement and Concrete

Calcium chloride in concrete. 3rd ed.
Washington, D.C., Calcium Chloride In-
stituto, 1959.
Mineral aggregates: 1958 revision. Wash-
ington, Highway Research Board, 1958.
(Bibliography 23)
A report on the visit of an American
delegation to observe concrete and pre-
stressed concrete engineermg in the
U.S.S.R. Chicago, Portland Cement Asso-
ciation, 1958.

Eléctrica! engineering

E.R.A. thirty-eighth annual report.
Leatherhead, Eng., Electrical Research
Association, 1958.
Leading the world. London, British Elec-
trical and AUied Manufacturers' Associa-
tion, 1959. BEAMA Publication No. 168.

To those readers tvho searched
the August issue in vain for

Library Notes, our sincere apolo-
gies. Pressure on our space obliged
US to omit this section at the last

motnent.

CINGH
ANCHORS

STRONGER THAN THE BOLT

The completely reliable expansion Anchor

Manufactured in Canada solely by

CANADIAN CINCH ANCHORING SYSTEMS
LIMITED

2095 Madison Avenue, Montreal
Data book — stress tables on request
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East side — West side — ALL AROUND THE WORLD

Provincial Levei Luffing Cranes

Kapid liaiiilliiii; o\ sliip cai-fíocs is oiio of (lic

ilistiiiiiuisliiiifí Icaliircs ol iiicial LcncI Luíliiig

C.raiifs. rii(^ load iiioncs lioiizonlally wheii lhe

jih is dcriicke^d aiid s\vung arouiKi, gi\ing high

ludiíig spccd willi liiw powcr icMpiiicrtKMits. On
tlio riglil is .-liiiwii a rcrciil itislallaliiiii íor the

i\ali<iiial HarlHPUi s Biiard al Vaiuoiu cr, B.C.

Eleciro-ln (Iraulic; lufíing drive ensures cush-

ioiH"d jiii iiKiNcrncnl — no lirake or limit swilches

iiecessarv. \\ aril-L(M)nard D.C. adjuslahle voltage

drive coiUiol gi\es a very wido variable speed

range íor hoisling and lowcring, and dynamic
brakiijg for precision spotling. The hoisi rope is

lhe only rope, passing over Iwo sheavcs onlv,

^^ith no reverse bends. Full magnetic conirol,

ahsenee of clutches and roller bcarings tKrough-

oul assure casy manipulalion of the contrf)]s and
minimurn fi ielion h)ss. Froni design to coinjjletioii

these Piovineial cranes are ('anadian in every

respecl. For any lype of crane, consull. Provincial.

On llie iniinediate

right — one of nine

Provincial Levei
Luffing (_] r a n e s

delivered lo ('eyh)n

— each ecjuipped
w i l h a diesel-
electric unit, for

supply of D.C. cor-

rem to the various

crane motors. The
cranes can also be

coiuiected dircti to

the dock electrical

supply. The design

provides maximum
safcty — jib cannot

gel out oí ( (inlnil.

O II liie extreme
righl — one of Iwo

itistalled at the Sl.

John, iN.B. refinery

of Atlantic Sugar

R e f i n e r i e s Ltd.

These are eqvnpped

Avitli clainshcll liui k-

ets. (]ounter bal-

anced jib of ali Pro-

vincial Levei Luffuig

Cranes culs down lo

a niijilitunn lhe pow-

e r I' (• (] u i r e d lo

lraiis|Hirl the load at

iast s[)eed.

A UNIT OF HOUDAILLE

Manufaclurers of hoisting equipnietit from

3 4 -Ion hoists to 500 Ion cranes, and fabri-

calors of general sleel plate shop work.

Industrial Mechanical. Electrical and Piping

Conlraclors for construction ol complete

plants.

Transmission Tòwere and Swilching Sta-

tions — design, delail, fabrication and

ereclion. Custem galvanizing.

PR
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OVINCIAL
NIAGARA FALLS, ONTÁRIO

ENGINEERING LTD.
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FOR GREATER STRENGTH IN LESS TIME

USE ULTRA RAPID-HARDEHING CIMENT FONDU!

You can cut costly waiting time to a minimum
by using concrete made with Ciment Fondu. Floor

repairs, machine foundations, and many other

urgent concreting jobs can be done overnight

without interruption of production,

Concrete made with Ciment Fondu is always

ready for full use when only 24 hours old. It is

ready to walk on after 8 hours. Machinery can be

erected after 16 hours, roadways can be used

after 18 hours.

No other type of cement gives you

this time/strenth advantage.

\ CONCRETE IN HOURS-NOT DAYS

\ REFRACTORY CONCRETE

\ INSULATING CONCRETE

\ CORROSION RESISTANT CONCRETE

CIMENT FONDU LAFARGE (CANADA) LIMITED
1405 PEEL STREET, MONTREAL, QUEBEC 28 RIVALDA ROAD, WESTON, ONTÁRIO

LA-94

CIMENT FONDU LAFARGE CORPORATION
122 EAST 42nd STREET, NEW YORK, N.Y.

For more information, write for

this free 28-page book:

"HOW TO USE

CIMENT FONDU"
The Cement For Industry

CIMENT
FONDU

ftegd. Trad» Mark

ALUMINOUS CEMENT
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MEET THE AUTHORS
Professor A. G. Christie, m.e.i.c, Johns Hopkins University

iSonie Consiclerations in Steam Power Plant Design).

A graduate of Toronto University in 1901, Professor

Christie liolds several honorary degrees, including M.E.,

Dr.Eng. and LLD. He has worked for Westinghouse Machine
Conipany, Allis-Chalmers Company and Western Canada
Cenient and he has taught at Cornell University, the Uni-

\ersity of Wisconsin, and Johns Hopkins University (where
lie became professor enieritus in 1948). Professor Christie

is Consulting engineer for the Hydro Electric Power Commis-
sion of Ontário, the Manitoba Hydro Electric Board and the

\'evv Brunswick Electric Power Comniission.

G. D. Mader, chief engineer, Nova
Scotia Power Comniission (The Inter-

lonnected Power Systen^s of Nova
Scotia and New Brunswick).

Mr. Mader received his B.Ens;.

i,civil) from Nova Scotia Technical Col-

lege in 1945. He joined Atlas Construc-

tion Company as construction engineer

and transferred to the Nova Scotia

Power Comniission in 1950. He is a

councillor of the Association of Profes-

sional Engineers of Nova Scotia and chairman of its board
of e.xaminers.

\. S. Haines, m.e.i.c, civil design
engineer, Candu Nuclear Power Station,

Hydro-Electric Power Comniission of

Ontário (Whitedog Falis and Carihou
Falis Generating Stations — Hydro
Electric Developments on the Winnipeg
and English Rivers).

Mr. Haines graduated in 1935 from
tlie University of Toronto with the

degree of B.A.Sc, in civil engineering.

He has worked as a field engineer in

Northern Ontário; as research assistant on the International

Tribunal on Smoke Control; and as consultant on overseas

liydraulic work. Since 1940 he has been with The Hydro-
Electric Power Commission of Ontário working on the design

;uid construction of hydraulic developments.

E. K. Akin, m.e.i.c, sénior niechanical

engineer, Nova Scotia Light & Power
Company Limited, (The First Cyclone
Fired Boilers in Canada and Some As-

pects of their Earhj Operation).

Mr. Akin received his early educa-
tion in Windsor, N.S. and attended

Dalhousie University. In 1934 he grad-

uated from Nova Scotia Technical Col-

lege with a B.Sc. in electrical engineer-

ing. He joined the Nova Scotia Light

and Power Company Limited in 1935 and became super-

intendent of their steam plant in 1939. In 1950 Mr. Akin

was made sénior niechanical engineer.

T. Ingledow, m.e.i.c, president, B.C.

Engineering Company Limited (138 kv

Under Sea Cahle Across Geórgia Strait).

Mr. Ingledow joined B.C. Power
Corporation (B.C. Electric Co. Ltd.) as

chief engineer in 1940; became exec-

utiva engineer of the B.C. Power Cor-

poration and was president of B.C. Eng.
Co. Ltd. from 1954 to 1958, when he
became president of the newly-formed
company, B.C. Sn B.B. Power Consultants, in 1958.

A member and past president of the Association of Pro-
fessional Engineers of British Columbia, Mr. Ingledow is

also on the Defence Research Board of Canada.

George S. Cavadias, m.e.i.c, consulting

engineer, Montreal, Que. (A Meihod of

Determining the Power Potential of

Rivers with Many Reservoirs and Power
Plants).

Mr. Cavadias graduated in civil

engineering from the National Tech-

nical University, Atliens, Grcece, in

1942 and worked on structural and
hydro-power engineering before com-
ing to Canada in 1950. He has worked
with the Shawinigan Water and Power Company and the

Department of Northern Affairs and National Resources. Mr.

Cavadias recently obtained an M.Sc. degree from McGill and

in August, 1959, established his own consulting practice in

Montreal.

Winnett Boyd, m.e.i.c, president, Win-
nett Boyd Limited (The Design of a

Daniels-Boyd Nuclear Steam Generator

for a 400 Mw (Net E) Power Plant).

Mr. Boyd graduated from the Uni-

versity of Toronto in 1939 in niechan-

ical engineering and did post graduate

work at M.I.T. From 1940 to 1943 he

was with the Aluminimi Company of

Canada in British Guiana, Montreal

and Shawinigan Falis. As chief designer

at A. V. Roe Canada Limited, he designed Canada's first two
jet engines, the Chinook and Orenda. From 1951 through 1956
hs was chief niechanical engineer with C. D. Howe Company
Limited on design of the NRU reactor. Since 1957 he has

worked on the Daniels-Boyd Nuclear Steam Generator and is

now in practice as consulting engineer. He is a registered

Professional engineer in Ontário and Quebec and is a fellow

of the Canadian Aeronautical Institute.

J. A. Paget, M.E.I.C, General Atomic
Division, General Dynamics Corpora-

tion, La Jolla, Califórnia (The Design

of a Daniels-Boyd Nuclear Steam Gen-
erator for a 400 Mw (Net E) Power
Plant).

Mr. Paget graduated from the Uni-

versity of Toronto in 1946 with a

degree in niechanical engineering. In

1952 he joined The CD. Howe Com-
pany Limited, Montreal on tlie NRU
project, later working with the Daniels-Boyd Reactor Group;
in 1958 he was engaged on the CANDU steam generator de-

sign; and in August, 1959, he joined the John J. Hopkins
Laboratory of General Atomic as a member of the research

and developnient staff. He is a registered professional engi-

neer in the provinces of Quebec and Ontário.

Paul Hamel, engineer, Atomic Products Section, Orenda
Engines Ltd. (The Design of a Daniels-Boyd Nuclear Steam
Generator for a 400 MW (Net E) Power Plant).

Mr. Hamel graduated from Ecole Polytechnique, Mont-
real, in 1942, in niechanical engineering and did post-

graduate work from 19-54 to 1956. Employed by the C. D.

Howe Company in 1954, he worked on the NRU reactor.

In 1957 Mr. Hamel spent six months at Chalk River studying

reactor physics and the use of digital computers. From 1957

to mid-1958 he worked on the Daniels-Boyd Nuclear Steam
Generator. He recently joined the Atomic Products Section of

Orenda Engines Company, Malton, Ontário. Mr. Hamel is a

registered professional engineer in Quebec.

Silver Falis Generating Station. Biographical notes on the

aiithors of tliis paper will appear in the next issue of The
Engineering Journal.
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Incoloy tubing installed in a large furnace for converting ethane to ethylene. Very little tube maintenance or
downtime required in spite of the 1500°F. temperature of operation. Tube wall temperatures are about 17O0'F.

MiPlíri Al I nvc ^^'^^^^"d hígh

lilviVCL HLLUld resist corrosive

processing and
Three Inco Nickel Alloys . . . Monel, Inconel and Incoloy . . . fulfill most require-

ments where high temperature and corrosion problems are encountered in chemical

processing and pulp and paper production.

MONEL* is a strong, tough nickel-copper alloy that resists attack by many organic

and inorganic acids, alkalies and salts. Monel has good mechanical properties, is

easily fabricated and welded.

INCONEL* nickel-chromium-iron alloys have good resistance to oxidation up to

2100°F. and retain good mechanical properties at temperatures up to 1800°F.

Excellent resistance to sulphur-free heat-treating atmospheres. Practically immune
to embrittlement by carburizing or nitriding atmospheres.

INCOLOY* provides good strength characteristics and—like Inconel—good resistance

to oxidation and other corrosive conditions at high temperatures. Incoloy also gives

greater resistance to sulphur attack, green rot and molten cyanide salts.

*Tradcnu2rks

Expanded Monel and Inconel metal for use

as backing screens in disc-type filters in pulp

and paper industry. Frame is fabricated type

316 or 304 stainless steel.

Type A Cowan centrifugal pulp screen with
Monel perforated screen plates at Dryden
Paper Company Limited, Dryden, Ont.

TKAOE MAItK
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POWER IN CANADA

Net Generation up 6.3% in first seven months of 1959

PRODUCTION of electrical power
in Canada during the first seven

months of 1959 continued to rise over

the output for previous periods. Net
generation as reported by Dominion
Bureau of Statistics refers only to

firms which generate at least 10

million kwh. a year, but these repre-

sented 99.1% of total production in

1957.

On this basis, net generation in

the first seven months of 1959
totalled 59,414,323 Mwh. compared
with 55,898,132 Mwh. in the same
period of 1958, representing a gain

of 6.3%

About four-fifths of this total was
produced by power utihties, the rest

by industrial producers. An approxi-

mate breakdown of net generation

for the period January-July 1959 is:

Utilities % of total

Hydro 74.3

Themial 5.2

Industry

Hydro 18.5

Thermal 2.0

It is hkely that net generation of

electrical power in the whole vear

of 1959 will be of the order of 102

million Mwh., compared with the

1958 total of 96,743,717 Mwh.

Hydro/Thermal Generation

Installed capacity of water-power

plants at the end of 1958 totalled

some 22,470,040 h.p., and the total

for thermal generating plants was
about 3,660,000 h.p. The relative

growth rate of thermal power expan-

sion is increasing over that for hydro
power because of the need to increase

base load capacity in áreas of high

load demand where the conveniently-

available hydro power resources

have largely been developed. For

example, although great expansion of

hydro sites can be expected in British

Columbia in the years to come, there

has been an immedite need for addi-

tional power in the lower mainland
which has been met by a large

increase in thermal station capacity.

Similarly, Ontário has developed its

last major hydro-power sources close

to load centres with the Robert H.

Saunders—St. Lawrence generating

station and the completion of the

additional pumped-storage capacity

at the Sir Adam Beck—Niagara

generating station.

The main features of power pro-

duction across Canada will be dealt

with briefly by individual provinces

and territories.

BRITISH COLUMBIA
At the end of 1959 in British

Columbia there were 40 hydro-elec-

tric installations with an installed

capacity of 3,287,505 h.p. in the

category of stations with installed

turbine capacity of not less than

2000 h.p. A further 510,000 h.p. was
under construction, or planned for

development.

Aluminum Company of Canada
Limited had the largest single

installation with 1,050,000 h.p. from
seven units at the Kemano-Kitimat
development in the northern part of

the province. Expansion to the total

potential of 2,400,000 h.p. at this

site will take place when warranted
by business conditions.

British Columbia Electric Company
Limited will have two out of four

generating units installed this fali at

their Bridge River No. 2 site, which
will add some 345,000 h.p. to the

B.C.E. hydro capacity when coni-

pleted in 1960. Total cost will be
about $56.5-million.

In the thermal field, B.C. Electric

will complete the 134,000 h.p. stand-

by gas turbine plant at Port Mann
this fali. Work is progressing on the

Company's largest undertaking, the

Burrard thermal station, which is a

natural gas fired, steam-driven plant,

of which the first 200,000 h.p. gener-

ating unit will be in service in 1961.

Three others will be brought on line

between 1961 and the end of 1964,

and the plant can be expanded to

house six units with a total capacit\"

of 1.200,000 h.p.

British Columbia Power Commis-
sion is also actively expanding its

resources. Most recently completed
additions, \\'hich were officially com-
missioned on 2nd September 1959,

CHUTE-DES-PASSES: the unique precautions taken when flooding the outer intake
tunnel. Exceptionally precise engineering calculations safeguarded the intake tunnel
proper and a nearby storage dam against damage from the dynamited rock plug.
Shattered rock weighing some 30,000 tons dropped safely into a specially prepared
sump pit.
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1

aii' tlu' 100.000 h.p. capacity Geórgia

g.is-tui liine generating statioii near

CluMiiaiiuis and ihc 35,000 h.p. .\.sli

l\i\ t'r Ín dio .station near Port Alhenii,

Inith ou \'anc"oii\or Islaiid. The two
plaiit.'^ rai.so tlu' Power Comniission's

goiíeratiiig capai)ili(\ within the prov-

ince to 600,000 li.p., Nvhich i.s esti-

inated to be sufficieiít for demand.s

until the early nmeteen-.sixtie.s. A fur-

ther expaiLsion now iinder way i.s the

addition of a 3000-kw. ga,s-diesel gen-

erating unit at Quesnel, which will

hoo.st the capacity of the station to

15,000 k\v. This is part of an exten-

si\e expansion program of Power
Comniission gas-diesel and diesel gen-

erating stations at Prince George,

Dauson Creek, Qnesnel, Smithers,

Chetwynd, and Alert Bay. The new
nnit at Quesnel is due to be in service

by May 1960. The Commission serves

many small centres in relatively re-

mote áreas and. at March 31, 1959,

had 78 diesel and gas-diesel generat-

ing sets, including some 500-kw.
mobile units, with a total capacitv

of 62.001 kw.

The overall picture of power
generation in British Columbia in the

future will be greatly affected by
the ultimate results of negotiations

and planning for the two controver-

sial projects on the Columbia and
Peace Rivers. Development of the

Columbia has, as is well known,
depended on lengthy discussions with
United States authorities on such

problems as downstream water rights.

The Wenner-Gren group has had the

backing of the B.C. Premier, Mr.
Bennett, to develop its plans for

production of a possible 4 million

h.p. on the Peace River, but the

Federal Government has taken the

view that the project is not economi-
cally feasible at present, for want
of a sufficient market. However, the

future of these two great projects

will be watched with much interest.

YUKON
AND

NORTHWEST
TERRITORIES

The Northern Canada Power Com-
mission of the Federal Government
completed its 15,000 h.p. hydro
installation at Whitehorse Rapids,
Y.T., in 1958, and has plans for a

further unit of 7,500 h.p. at this

.site. The Commissions other hydro
sites are on the Mayo River, Y.T.

(6000 h.p.), and Snare Rapids,
N.W.T. (8350 h.p.). A seconcl

development on the Snare River,

eight miles downstream from the

60

present site, will have a capacity of

9,200 h.p.

Other major hycho plants are the

15,000 h.p. installation of Yukon Con-
solidated Gold Corporation on the

Klondike River, which was developed
betvveen 1911 and 1935, and the

Consolidated Mining and Smelting

plant of 4700 h.p. at Bluefish Lake,

Klondike River, N.W.T. , which was
installed in 1941.

Recent thermal plants include a

600 kw. unit at Fort Smith and a

150 kw. diesel unit at Inuvik (for-

merly New Aklavik).

There is a potential of some four-

million h.p. on the Yukon and Nass
Rivers under investigation by North-

west Power Industries Ltd.

ALBERTA
At the end of 1958 there were 12

hydro developments in Alberta with

installed turbine capacites over 2000
h.p. The capacity of these totalled

310,510 h.p.

Calgary Power Limited operated

eleven of these hydro plants (240,000

kw.) and present expansion consists

of an additional 80,000 kw. at the

Spray-Rundie plant, to be completed
in 1960. Application has been made
for construction of a dam and hydro
generating plant on the Brazeau

River (a tributary of the North Sas-

katchewan) 96 miles S.W. of Edmon-
ton. At a cost of $45 million the

initial capacity will be 150,000 kw..

to be complete in 1964, though some
power should be available in the

Fali of 1963. The project will require

the construction of a 10-million cu.

ft. earthfill dam, two miles long, with

a twelve-mile long canal to carr\-

water from the 900,000 acre-ft.

storage reservoir to the powerhouse.

Calgary Power's Wabamun thermal

plant now produces 144.000 kw. from

two units, using natural gas as fuel.

An additional 150,000 kw. unit is

scheduled for completion at this site

by 1962. There is a reserve of 70

million tons of coal at Wabamun,
which can be developed by strip

mining, and eventually the thermal

power plant will operate on coal.

though natural gas will be replaced

onlv as coal is economically available

and will continue to be used for

emergencies and as a pilot for coal-

firing.

There is an interesting relation-

ship between the growth of the oil

and gas industry in Alberta and the

growth of the electrical power
demand in the Province. In 1947.

the year of the Leduc discovery,

Calgary Power supplied the oil in-

dustry with 2,089,400 kwh. of electri-

cal energy (1.2% of the industrial

load or 0.5% of the total load).

In 1958 the supplv had risen to

212,816,562 kwh. or 34% of the

Company's industrial load (14.8% of

total load). This great increase in

demand for power by the petroleum
industry has had a considerable

effect on the planned expansion of

the power industry.

The Canadian Utilities Limited
are spending $2,680,000 on capital

expansions during 1959, particularly

for transmission line extensions. Other
large expenditures are planned for

the Company's northern subsidiaries,

McMurray Light and Power Co.,

Yukon Electrical Co., Ltd.. and Yukon
Hydro Co. Ltd. (Whitehorse, N.W.T.).

A 200 kw. diesel plant and distribu-

tion system was built in 1958 to

serve the rapidly-growing oil centre

of Swan Hills. During 1959, the Com-
pany is building a 150 kw. diesel

generating plant to serve the commu-
nity of Fort Chipewyan in northern

Alberta.

SASKATCHEWAN
Saskatchewan had only two hydro

installations at the end of 1958 with

capacitv of over 2000 h.p. The
106,500 h.p. Island Falis plant

(Churchill River) of the Churchill

River Power Company has an addi-

tional unit of 19,000 h.p. completed

this year.

The big development in the pro-

vince is the South Saskatchewan

River project for wliich a 200.000

h.p. hydro-electric installation is

planned.

Since the end of 1957. when there

were 14 thermal generating stations

in the over-2000 h.p. category. the

Saskatchewan Power Corporation has

added a 66.000 kw. steani turbine to

its Queen Elizabeth station in Saska-

toon and increased capacity of the

Kindersley station by 20,000 kw. in

two gas turbine units.

MANITOBA
Eight hydro-electric developments

(over 2000 h.p.) at the end of 195S

had a combined capacit>- of 777.000

h.p. Of these four were operated by

the Manitoba H\do-Electric Board

(562,000 h.p.), two by the City of

Winnipeg (201,000 h.p.). and two by

Sherritt-Gordon Mines Ltd. (Laurie

River Nos. 1 and 2. each of 7000

h.p.).

The M a n i t o b a H\ dro-Electric

Board is proceeding with the Kelsex'
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hydro-station on the Nelson River

in northern Manitoba, which will

supply power to the International

Nickel mining development at Moak,
Mystery, and Thompson Lakes. Two
42,000 h.p. units are scheduled for

completion in 1960 plus three more

in 1961. When completed, this proj-

ect will bring the normal winter

generating capability on the Manitoba

Southern Power System to over one-

million kw., from 870,000 kw. in

1960 and 416,000 kw. in 1950.

The Board is making engineering

investigations at the Grand Rapids

site on the Saskatchewan River. The
site has a potential of over 400,000

h.p. and is being considered for

development with a head of 120-125

ft. Another program of investigation

is under way at the Great Falis

generating station to consider the

advisability of increasing capacity

from the present 132,000 kw.

The Board's thermal station at

Brandon is rated at 132,000 kw. (see

The Engineering Journal, July 1959)

and was completed late in 1958. A
further 132,000 kw. of thermal

generating capacity will become
available when the Selkirk station

produces from its first stage in 1960.

Provision has been made for further

At the end of 1958 Ontário

reported 105 hydro generating stations

of capacity greater than 2000 h.p. for

an installed capacity of over 7,080,000

h.p. By the end of 1959, when the

last of the sixteen units at the Robert

H. Saunders-St. Lawience station

is in service, a further 525,000 h.p.

will have been added (for a total of

I,200,000 h.p. at the St. Lawrence
project.

Most of the hydro development in

the province is controlled by the

Hydro-Electric Power Commission of

Ontário (Ontário Hydro), with 67

hydraulic stations and a total capa-

city of 5,761,100 kw. Industry, par-

ticularly pulp and paper and some
mining and smelting operations,

accounts for a further capacity of

over 637,000 kw.

Ontário Hydro progress in 1958
has been discussed earlier (The
Engineering Journal, May 1959), and
800,000 kw. of new generation was
added in that year. At the end of

the year, work was in progress on

nine stations: five hydraulic, three

conventional thermal, and one
nuclear-electric. As already men-
tioned, the Robert H. Saunders-St.

Lawrence hydraulic station at Corn-

wall will be completed in 1959. Silver

e.xpansion of the Selkirk plant to a

maximum of one-million kw.

The possibility of a four-million

kw. system in Manitoba by 1980 has

been considered, and this would
probably include a capacity of one-

million kw. at Selkirk and some two
million from exploitation of the hydro

potential of the northern rivers: about

.300,000 kw. from the Grand Rapids

site and the rest from sites on the

Nelson River. The remaining one-

million kw. might come from the

Winnipeg River, where rather more
than half this amount is now
being developed. Actual development
depends on the economics of the

various forms of power generation,

including that from nuclear energy.

In the field of transmission, the

Manitoba Hydo-Electric Board has

a project for a 150-mile 138-kv. line

between Manitoba and Saskatchewan.

The 51,000 kw. capacity of the

City of Winnipeg Amy Street thermal

station will form part of the intergra-

tion of resources, both thermal and
hydro, of the Board and the City, and
investigations have been made to-

wards integrating the resources of

the northwest pool of Ontário Hydro
and those of the industry in Mani-

toba.

Falis generating station, on the Kami-
nistikwia River about 30 miles north-

west of the Lakehead, is scheduled

to produce 45,500 kw. in September
1959. Red Rock Falis station, on the

Mississagi River about 14 miles north-

east of Thessalon, is scheduled for

completion in 1961, when it will have

a capacity of 38,000 kw. Otter Rapids

generating station is being built at

the lower end of a series of rapids

on the Abitibi River and will produce

31,000 kw. when completed in

1961. A further 45,000 kw. capacity

was added in 1959 to the existing

181,000 kw., Abitibi Canyon station,

50 miles northeast of Kapuskasing,

the largest generating station in

northern Ontário.

At the end of 1957 there were 13

thermal stations in the province of

capacity greater than 2000 h.p. for

a total capacity of 967,300 h.p. The
largest of these is Ontário Hydro's

Richard L. Hearn steam plant in

Toronto, on which work is proceed-

ing to increase capacity from 400,000

kw. to 1,200,000 kw. by 1960, at an

estimated cost of $107,600,000. The
new Lakeview station, on the shore

of Lake Ontário a few miles west

of Toronto, will be among the largest

thermal-electric plants in the world.

It is scheduled to begin operation in

1961 with one .300,000 kw. unit, and
a second unit of the same size is

to be added the following year. A
total installed capacity of 1,800,000

kw. is planned for the middle 1960's

at an e.stimated cost of S2.50 million.

The third thermal station on which
Ontário Hydro is working is that at

Thunder Bay, at the mouth of the

Mission River on the Fort William
waterfront. Initial plans call for a

single 100,000 kw. unit, to be in

operation in 1961, but the site is large

enoiígh for the ultimate construction

of a 1 million kw. station.

Nuclear Power

C a n a d a ' s first nuclear-electric

generating station is the NPD
(Nuclear Power Demonstration) plant,

now being built in co-operation with

Atomic Energy of Canada Limited
(A.E.C.) and the Canadian General
Electric Company on the banks of

the Ottawa River 150 miles north-

west of Ottawa. Scheduled to be
completed in 1961, the relatively

small 20,000 kw. station will be
operated and maintained by Ontário

Hydro, who are also working with

the Nuclear Power Plant Division of

A.E.C, on plans for a 200,000 kw.
nuclear plant known as CANDU
(Canadian Deuterium Uranium). The
objective is to produce electricity

competitive with conventional thermal

generation, and it is expected that

power from CANDU will be fed into

the Ontário Hydro system b\ 1965
or even earlier.

Other recent advances by Ontário,

in addition to considerable expansion

of transmission and distribution faci-

lities, included the experimental extra

high voltage transmission line, near

Coldwater, for testing up to 600,000
volts. Completed in 1959, this is the

first three-phase test line of this vol-

tage in North America; the use of

extra high voltage transmission will

be the best means of carrying power
over long distances, for example,

from far northern hydraulic sites, and
of integrating more fully the north-

eastern and southern Ontário systems.

The second notable development w as

the introduction of an electronic data

processing system in the head office

in Toronto (see The Engineering

Journal, August 1959).

Apart from the developments of

Ontário Hydro, the Great Lakes
Power Company this year started

operation of the Cat Falis 30,300 h.p.

hydro-unit on the Michipicoten River.

QUEBEC
The province of Quebec depends

ONTÁRIO
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.iliuDst iMitiifly ou hyclraiilic genera-

tiou for eloctiical povver. At the end
i)t 195vS, in the ovei-2000 h.p. cate-

<íor>-. Úwvc weie 92 hydi-o installa-

tions witli a combined capacity of

some 9,784,000 h.p., eompared with
oi>l\' .seven .small tliermal stations

(o\er 2000 h.p.) witli a capacitv of

36.584 h.p.

Man>' organizatioiís are involved

iii the íle\elopinent of hydro-eleetric

power, but tlie leaders are Hydro-
Qiiebec, Alumimim Company of Can-
ada Limited, and Shavvinigan Water
and Power Company in terms of in-

stalled capacity.

Hydro-Quebec (Quebec Hydro-
Electric Commission) is proceeding

with construction of the Bersimis II

development on the Bersimis River,

at which three units of 171,000 h.p.

each are scheduled for completion in

the last two months of 1959, and two
further units for late in 1960. The
1,200,000 h.p. Bersimis I plant was
completed in 1958. At Beauharnois,

on the St. Lawrence River, the third

and final section of the powerhouse
is under construction with two out

of eleven units of 73,700 h.p. in-

stalled. Completion is due in 1961,

when the station will have a total

installed capacity of 2,234,700 h.p.

The Aluminum Company of Can-
ada had a capacity of 2,600,000 in-

stalled h.p. from five stations, includ-

ing the 1,200,000 h.p. Shipshaw de-

velonment, at the end of 1958. Now
under construction is the new project

at Chute-des-Passes, 150 miles north

of the aluminum centre of Arvida,

Saguenay District, where the first

200,000 h.p. unit was due to operate

in September 1959. The further four

planned units are scheduled for com-
pletion early in 1960, for a total ca-

pacity of 1 million kw.

The most recent development of

the Shawinigan Water and Power
Company is the 330,000 h.p. Beau-

mont plant, on the St. Maurice River,

completed in 1958.

Several other developments are

now under way. Quebec Mining Com-
pany has a 66,000 h.p. three-unit de-

velopment on the Hart Jaune River

scheduled for operation by late 1960.

James MacLaren Company Limited is

completing a two-unit 50,000 h.p.

development at Dufferin Falis, Lievre

River, and removine the existing 1500
h.p. plant in Buckingham from ser-

vice. Hollinger-Hanna Limited is in-

vestigating possible development of

150,000 to 180,000 h.p. on the Aux
Pekans River.

Quebec Department of Hydraulic

Resources is continuing water power
investigations on several rivers in the

James Bay, Ungava Bay, and St.

Lawrence River watersheds.

NEW BRUNSWICK
The New Brunswick Electric

Power Commission reports hydro-

eleetric power capacity of the prov-

ince in 1959 at 194,030 kw. from

ten stations, four of them operated

by the Commission. Thermal capacity

is given as 192,576 kw. from twelve

stations plus diesel generator instal-

lations. The Commission's share of

the total is rather more than one-half

at 196,610 kw.

The Beechwood hydro station,

completed with two 45,000 h.p. units

in 1958, is designed for future addi-

tion of a further unit of the same
size.

Latest addition in the thermal field

is the new 50,000 kw. plant at St.

John, which will serve, among other

customers, the nearby Irving Oil re-

finery which is now under construc-

tion.

A feature of the power develop-

ments in New Brunswick is the inter-

connection of generating systems and
extension of the new 138 kv. trans-

mission grid. The five major pulp and

paper companies operating in the

province are partners in the recipro-

cai arrangement for distribution, and

there is a tie-in with the Maine Pub-

lic Service Company, which serves the

northern part of the State. By March
1960 the systems in the province of

Nova Scotia will be added to the

power pool.

NOVA SCOTIA

Nova Scotia has the poorest water-

power resources of the mainland

provinces. Though 26 hydro stations

of over 2000 h.p. capacity were re-

ported at the end of 1958, the total

capacity was only 168,290 h.p. Ther-

mal generation reported at the end

of 1957 amounted to 462,046 h.p.

from eleven installations.

The Nova Scotia Power Commis-
sion has a hydro development on the

Sissiboo River, consisting of two

plants totalling about 15,000 kw.,

scheduled for completion by the end

of 1959. Two sites on this river,

capable of producing an additional

12,000 kw., will be built for com-

pletion in 1963. An investigation is

underway on the hydro development

at Wreck Cove, Victoria Count\

,

which is expected to have an nltimate

capacity of 74,000 kw. Scheduled to

go into service this fali is an addition-

al 20,000 kw. unit at the Trenton

steam station and, though additional

thermal plants are not foreseen in the

immediate future, long-term plans in-

clude two additional units at Trenton

which would be rated at 75 Mw. and
100 Mw. respectively.

Nova Scotia Light and Power Com-
pany Limited will commission their

45,000 kw. No. 7 plant addition to

the Water Street thermal generating

station on 30th October 1959, which
will bring the combined capacity of

the Company's thermal and hydro
facilities to 204,500 kw. A site has

been procured, and engineering de-

sign is well advanced for a new ther-

mal generating station at Tufts Cove,

on the Dartmouth side of Halifax

Harbour. The first unit will be in the

100 Mw. class and is scheduled for

operation in 1963. The Company has

also announced plans for the con-

stmction of two hydro-eleetric sta-

tions in the Annapolis \^alley, at

Alpena on the Nicteaux River and

at Lequille. These will add 14.000

h.p. to generating facilities in the

\^alley. Lequille is scheduled for op-

eration in 1961; Alpena in 1963.

PRINCE EDWARD ISLAND

Water power resources are neglig-

ible in Prince Edward Island, because

of the small size of the streams. Less

than 2000 h.p. of installed turbine

capacit>- is developed at present.

There are two major thermal instal-

lations, the principal one being the

Maritime Electric Company steam

plant at Charlottetowii with 22,500

kw. capacity. To meet increasing de-

mand for power, the Company is

installing a new oil-fired boiler and

10,000 kw. generator at the plant

site. The new 105,000 Ib. hr. boiler

is to be in use by september 1960.

and the new turbo-generator hy Ma\-

1961. A new central control room is

to be included in the extension, and

provision will be made for eventual

automation of the plant and remote

control of the company 's sub-stations

throughout the pro\ince.

NEWFOUNDLAND
AND LABIL\DOR

At the end of 1958, nineteen hydro

installations (over 2000 h.p.) were

reported in Newfonndland with a

total capacity of 361.750 h.p. Six

thermal stations had a combined ca-

(Continuccl on page 95)
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SOME CONSIDERATIONS

IN STEAM POWER
PLANT DESIGN

A. G. Christie, M.E.I.C., Professor Emeritus

Mechanical Engineering Dept.

Johns Hopkins University, Baltimore, U.S.A.

STEAM PLANTS that are designed

today requiie large investments

which are expected to be written-off

during a service life of from 25 to 30

years. Consideration must therefore

be given to desirable characteristics

and elements of such new plants.

Large generating units

A common mistake in the design of

new power plants is the failure to

instai! large generating units. Equip-

ment is purchased that appears to

meet the immediate needs of the

system. This practice disregards the

fact that in twenty-five years at the

present rate of growth, system peak
demands will be over four times the

present peaks. This rapid system
growth soon makes the selected unit

relatively so small and inefficient that

it is held only for reserve and for

occasional peak load service.

The advantages of large inter-

connected systems have been fully

demonstrated. This recognition has
led to the formation of power pools

in various sections of the country with
the objective of lessening the amount
of reserve equipment of the inter-

connected system and of adding large

highly efficient generating units to

provide service to the whole pool at

minimum cost. Agreements are made
to share fixed charges of these large

units and to adjust costs of kilowatt-

hours delivered to each pool member.
Where hydraulic power plants with

large storage reservoirs are elements

of a system, large steam units can be

added to carry base loads, leaving

the hydro units to care for peak

loads by short-time draw-down of

storage. Experience has indicated that

additional generating capacity for

peak load service can often be added
at such hydro plants at a lower cost

per kilowatt of capacity than by any
other peak load equipment. Present

and future hydro plants should be
analyzed with this object in mind.

The installation of large generating

units, designed for operation at high

steam pressures and temperatures, is

justified by the preceding consider-

ations. Large units can be purchased
at a lower cost per kilowatt of capa-

city than smaller units. High steam
pressures and temperatures lead to

low heat rates; this is a desirable

feature in view of expected increases

in fuel costs. The same size of oper-

ating staff can serve a large unit as

a small one, thereby reducing labour
cost per kilowatt-hour. Maintenance
charges per unit of output appear to

be independent of capacity. Hence
lower total generating costs can be
expected of the large units when
given base loading.

The operating records of large

units have indicated high factors of

availability and reliability which are

as good as those of smaller units.

Large units can provide greater

capacity on a desirable plant site than
smaller machines. This is an im-

portant factor, for suitable power
plant sites near large cities are be-

coming scarce. It is essential that

available sites for future steam plants

be purchased ten or more years in

advance of their need. Otherwise

such sites may be unavailable later.

High plant efficíency

Increasing mining costs combined
with decreasing heat values per pound
of coal, make it imperative that new
units be highly efficient over their

operating life. This indicates the us9

of as high steam pressures and tem-

peratures as can be justified for the

turbine considered.

Steam generators are operating

with natural circulation at pressures

up to 2400 psi. Forced circulation

and once-through steam generators

will probably be used in new high

pressure plants generally with one or

more stages of reheat. These may cost

less when the usual large steam drum
can be omitted.

Steam pressures considerably above
the criticai pressure of 3206 psia have
been used in several recent new
plants. Such high pressures increase

the cost of boiler feed pump, econo-
mizer, evaporating surfaces, super-

heater, steam piping and the forward
end of the turbine. The increased

power required by the boiler feed
pump absorbs a large portion of the

gain resulting from the increased

pressure.
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Nk't,illuriiical clitlifulti(\s appoar at

prosent to liinit stoain tcmpeiatuies

to about 1100" F. Higlier steani teni-

peiatures at a gi\'en pressuie woiild

increase the cost of the secondary

superheater, the high piessure steam

pipiíig and the iiilet section of the

tuihine. Oii the other hand the eneigy

reiíuiied by the boiler feed pump
wcnild be ledueed for a given genei-

ator output. Siieh ad\antages ovei

iiicreased piessuies should eiicouiage

the de\elopment of new metais of

inoderate eost which are capable of

withstanding liigher steam tempera-

tures. From an efficiency standpoint

higher steam temperatures are more
desirable tlian liigher pressures.

Limited gains in efficiency are

possible at the low temperature por-

tioii of the thermal cycle. Fkie gas

temperatures to chimneys are gener-

all\- about 300° F. Steam generator

efficiency is improved about 1% for

35° F. reduction in fkie gas tem-

perature. A reduction to 160° F.

would result in a 4% gain in overall

.station economy and at no added cost

to phmt equipment other than such

low pressure equipment as is neces-

sary to effect this reduction in flue

gas temperature. This substantial gain

in efficiency deserves consideration in

new steam plant designs.

Combinations of gas and steam

turbines have been proposed and
certain of these proposals have shown
possible gains in overall efficiency.

Such combinations may be used

where natural gas or oil serves as

fuel. The main difficulty with such

combined plants is the inability of

present forms of gas turbines to effec-

tively use coal as fuel. When gas

turbines can burn coal satisfactorily,

there may be a more extended use of

the combination of steam and gas

turbines, probably with pressurized

boiler furnaces.

Pumped storage of water has been
revived as a means of improving
system economics. Off-peak energy

supplied by large highly efficient

steam turbine generators at a low
increment cost of operation, would
be used to pump water to elevated

storage ponds. This stored water is

discharged later through hydraulic

turbines to carry peak loads which
would otherwise require added steam
plant capacity and additional fuel.

Pumped storage has been used over-

seas for more than fifty years. In the

United States, the Rocky River plant

of the Connecticut Light & Power Co.
has operated for 29 years. No other

pumped storage plant was built until

recently. In considering pumped stor-

age, overall efficiency and increasing

fuel costs muíit be carefully analyzed.

Experience indicates an overall effi-

ciency of such plants of 60 to 65%
due to losses in transmission lines,

transformers, motors, pumps, pipe-

lines, reservoir seepage and evapora-

tion and electrical generators. As a

consequence, where off-peak energy

from steam plants is contemplated for

pumping, increased fuel prices may
soon make pumped storage un-

cconomical.

Fuels

Natural gas is burned at present

as a fuel in some power plants. Ex-

tensive pipe lines to distant cities

and increasing gas costs at well head
will make this luxury fuel too ex-

pensive to use for generating elec-

tricity except during summer off-peak

periods for gas.

The future use of fuel oil in power
plants is also questionable. Improved
cracking methods at refineries reduce

the proportional amount of residual

or "Bunker C" oils which have for-

merly been sold to power plants at

low cost. Such residual fuels contahi

ali the impurities in the raw petro-

leum. The contents of sulphur and
other impurities may be so high that

its use will be prohibited in certain

áreas.

Atomic power plants are being

built in increasing numbers. Some
time must elapse before experience

indicates which system leads to low-

est total production cost of electrical

energy. It is apparent that for the

next twenty years, steam plants burn-

ing fóssil fuels will predominate in

extensions to electrical systems.

The ash content of commercial coal

appears to be increasing due to strip

mining, the use of mining machiner>-

and the recovery of coal from seams

of lower quality. Excess ash can be
removed in some cases by washing.

High ash contents increase the freight

charges in shipping coal. The location

of a steam plant adjacent to a coal

field deserves consideration particu-

larly when cooling water is available

and where distances from plant to

loads are not great. Increased trans-

mission line voltages and freedom
from increasing freight rates on fuel,

may make such a location profitable

particularly if lignites or other low;

heat value coal must be burned.

Such locations would probably be
free from restrictive ordinances gov-

erning smoke, sulphur and other

gaseous discharges from chimneys.

The disposal of ashes should cost

little in mining áreas.

Attention must be given to the

combustion of sub-bituminous coal

and lignite that are abundant in cer-

tain sections. These formerly were
troublesome to burn due to the diffi-

culties in maintaining capacit>" in

winter with high moisture in the coal,

snow, ice and low outdoor tempera-

tures. It is possible to burn such fuel

in pulverized form when primar\- air

is preheated to at least 700° F. or

where the fuel is predried before

entering a pulverizer. In Germany,
furnace gases are introduced directly

into Kraemer mills. The practice of

introducing furnace gases with their

sparklers into present types of Ameri-

can pulverizers has an element of

danger that should not be overlooked.

Disposal of ashes as fill may be-

come a problem during the life of

the plant. Cost of haulage could be
a significant item of operating cost.

Some ash may be worth examination

as a source of rare metallic elements.

Communities are becoming con-

scious of discharges of dust and gases

from chimneys. Tall chimneys are de-

sirable to provide wide dispersion of

the gases. Dispersion is further im-

proved by high gas velocities from
the top of the chimney secured b>- the

use of one or more orifices. The
development of some automatic means
to maintain high exit \elocities from

the chimneys at ali loads is highl\-

desirable.

Automation

While certain advantages may be
gained by the use of some steam-

driven auxiliaries such as boiler feed

pumps, these require additional piping

and must have the attention of oper-

ators as the\- are generalK" less eas\

to operate from a control centre than

motors. Electrically driven auxiliaries

are fa\'ored where central contiols are

installed.

Ali plant operations are generalU

under full control of the man in

charge of the control room. The few
other meu on shift move around the

plant to note and remedx' any mech-
anical or electrical defects. \\'hile the

present operating staff is more highly

trained and better paid than oper-

ators in earlier plants, this large re-

duction in personnel has been a factor

in maintaining low production unit

costs.

Controlled operation requires the

use of sturdy and reliable instrument.N

of man\- types and these are under-

going steady improvement. There is
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still a need for simplification i:i the

control room and for the elimination

of instruments which contribute little

to operating efficiency. An instrunient

that would give instant and con-

tinuous indications of overall plant

efficiency would be a desirable addi-

tion to ensure highest operating

economy.

Plant details

Large coal bunkers that contained

30 hours or more of coal supply have

been carried at the top of the boilei

room by heavy steel framing. Bunkers

of 10 to 12 hours capacity with

duplicate conveyors to take coal from
outdoor storage piles, seems a better

arrangement. Dust from such storage

piles in built-up localities must be
prevented by oiling or other treat-

ment.

Plant may be outdoor, semi-outdoor

or enclosed, depending on climatic

conditions. Where plants are en-

closed, walls of sheeting or paneis

have largely replaced more expensive

brick or concrete walls. Many power
stations have few outside windows
and depend on artificial lighting and
ventilation.

Steam generators have large radiant

furnaces and rise to considerable

height above basement floors. This
eonstruction generally requires a long
steam pipe from the superheater out-

let to the steam turbine inlet. Higher
steam pressures and temperatures
increase both the cost of such piping
and its length since liberal bends
must be employed to care for ex-

pansion of the thick pipes. Evidently
the design of steam generators should
be modified to decrease the length of

the high pressure steam piping.

Several schemes have been suggested:
to turn the furnace upside down and
fire from the top; to make the second-
ary superheater of the radiant side-

wall type with its outlet approxi-
mately at the levei of the turbine
inlet; or, when floor space is available,

to build the boiler on its side. The
last form would save steel and would
seem fitting for units of the "once-
through" type.

Pressurized furnaces have demon-
strated certain advantages but present

problems in building large units.

Improvements in the design of

evaporators and the use of oversized

units have resulted in satisfactory

supplies of feed water in moderate
pressure plants. Demineralizers can
furnish feed water free from mineral
and gaseous impurities as needed by
the highest pressure steam generators.

Such equipment has not been made

fully automatic and an operator is

generally required to check water
conditions in demineralizer and steam
generator and to care for the re-

generation of the resins.

Hydrozine and other non-metallic

compounds are used in high pressure

and once-through steam generators to

control alkalinity of the evaporating
water, in place of the sodium com-
pounds formerly used.

Superheat temperatures are con-

trolled by spray desuperheaters, by
attemperators, by combined radiant

and convection surfaces, by changing
burner pitch in the furnace and by
gas recirculation. Spray desuper-
heaters require pure feed water for

the sprays. Attemperation by partial

condensation of the entering steam
or by cooling the steam between
primary and secondary superheaters
by heat exchange to boiler water, has
proven satisfactory. Combinations of

radiant and convection surfaces pro-

duce relatively constant superheat
over a wide range of load. Changing
burner pitch varies superheat by
altering gas temperatures at the super-

heater. Gas recirculation sustains

superheat temperature at light loads.

Operating experiences indicate that

much can be learned about heat
transfer in superheater sections, the
proportioning of superheater surfaces

and the control of final superheat
temperature. Panei forms of super-
heater tubes, widely used abroad, are
proving satisfactory.

Tempering of air to the air pre-

heater is a problem where extremely
low winter temperatures are ex-

perienced. Steam preheaters have
frozen. Recirculation of preheated air

increases the input to the forced
draft fan. Radiation loss from the

steam generator is employed in one
plant to temper incoming air. There
is need for a better method to

temper air.

The removal of ash particles from
the flue gases becomes of increasing

importance due to the increasing ash

contents in coal and to more stringent

regulations on chimney discharges. If

equipment is provided to cool the flue

gases to 160° F. as suggested above,

the dust must be removed before the

gases reach this equipment. This may
require the development of an
electro-static precipitator that can

function satisfactorily in hot gases.

The equipment to cool gases to 160°

F. must be suitable for washing
periodically while the plant is at

capacity and also easily cleaned dur-

ing an outage. No commercial method
has been developed for the removal

of sulphur and nitrogen compounds
from the flue gases.

Attention must be given with large

turbine generators to small gains that

may be secured from drain coolers

and from counterflow sections in high

pressure extraction heaters to take

advantage of the superheat in the

extracted steam. Boiler feed pumps
have been placed beyond the highest

pressure heater so that pump losses

can increase the temperature of the

feed water to the economizer.

An economizer element serving as

the section to cool the flue gases to

160° F. may replace the first ex-

traction heater after leaving the

condensate pump. This combination

would increase overall station

economy.

Various attempts are being made
to reduce the pressure losses between

the last blade row and the condenser

tubes and also in the tube banks.

Aluminum tubes and tube sheets are

being tried with fresh water. Rates

of condensation in the condenser may
be increased and the total cooling

surface reduced by increasing the

water velocity in the tubes ^bove

6 or 7 ft. per sec. as now used.

Steam jets to produce vacuum
have efficiencies of only 5 to 7%.

Small steam pipes, often with reduc-

ing valves, are required with these

jets, and it is desirable with high

pressures to eliminate such piping.

Two-stage heaters must be supplied

with the jets to recover the heat in

the discharged steam. Modern high

speed dry vacuum pumps have many
times the efficiency of the steam jets,

which reduces their energy demand
on the station. Increasing fuel costs

will make the consideration of dry

vacuum pumps desirable as fuel sav-

ings can soon pay for the extra cost of

these pumps.

Many different types of condensers

are available with varying arrange-

ments of tubes, steam paths and

water flow. Consideration must be

given in the selection of a condenser

to operating problems connected with

tube fouling, reverse water flow, air

cooling, and the condensate pump.

There is the problem of the utili-

zation of the heat in the exhaust,

which at present is generally dis-

charged to waste in the cooling water.

One Canadian city used this heat

to modulate the temperatures of its

water supply in winter so as to pre-

vent freezing of distribution lines.

The condenser cooling water was
used in an industrial plant for space

heating by regulating the vacuum
according to the outside temperature.
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A German citv iised condenser cool-

injl wattM- iii its puhlic baths. Some
motlunl slioiíkl he devised to use at

least a poition of tlie õO'"r o( tlie heat
iii tlu' fiiol tliat is now tlirown away
iii condenser eooliuií water.

Air-eooled condensers have been
snjziíested for certain locations with
a small water suppK'. These become
unusualK large and it is difficult to

niaintaiii a reasonable vacuum in

snmmer time.

Cooling towers w ill be used more
exteiisi\el\' wliere water supplies are

limited. Large ground áreas are re-

quired so that towers may be widely
spaced to prevent recirculation.

Chimneys on cooling tower outlets

aid in lessening recirculation. The
evasé cooling towers used in Europe,
are so tall that recirculation seldom
occurs. They can be placed closer

together than towers of the current
American type.

Consideration must be given to

the effect of thermal stresses in tur-

bine parts when high steam temper-
atures are used. It is desirable to

provide for quick start-up and for

rapid load changes from system dis-

turbances. These problems are in-

creased with reheat. Double casings
in the high temperature sections of

the turbines lessen the difficulties

with thermal stresses.

Fluid-cooled stator coils permit the

construction of larger electrical gen-
erators. High hydrogen pressures are

employed for rotor cooling. Motor
generator exciters permit preheating

of rotor and rotor windings before

reaching operating speed. This prac-

tice has lessened failures of insula-

tion on rotor windings.

These paragraphs present some of

the factors that should be considered

in the design of steam power plants.

New developments are made and
practice changes so that other consid-

erations may become more impor-

tant in future years.

DISCUSSION

WE WISH to thank ali of the

people who contributed to the

discussion of this paper for the time

they have taken and for the helpful

criticism offered.

Since a number of points were
raised several times by different

people, we should like to change the

manner of reply from the customary

one by speaking to each issue raised,

rather than to each commentator.

Ability of turbine to bum Bunker C and

the economics involved in relation to

other prime movers

For our experimental work we have
used the Bunker C oil directly from
tank cars without any treatment ex-

cejjt heating and filtering to remove
particles greater than .015". We have
been able to turn the oil off and on

at will with positive relighting even
at subzero temperatures. Operation

of the power plant has so far been
entirely on Canadian residuais, and
we do not expect to have significant

corrosion trouble with these at a

combustion chamber temperature of

700 °C. However, if one were to

burn residuais high in vanadium and
sodium such as are available from the

South American or Middle East

fields, it is possible that additive

treatment would be required to pre-

vent deposition at this temperature.

The suggestion has been made that

diesel engines, and especially free

piston gasifiers, are equally capable

of burning Bunker C fuel. Experience

on marine and railway diesel engines

has índeed shown that Bunker C may
be burned cleanly at full power, but

the saving in fuel has generally been
accompanied by a corresponding in-

crease in trouble and maintenance,

with the result that reduction in op-

erating eost, if any, has not been

established. It is probable that free

piston engines will burn Bunker C
fuel quite satisfactorily at full power;

but it is not clear that satisfactory

operation over a range of loads is

possible, especially if some gas gen-

erators of a set are to be shut down
as an economy procedure at light

loads. It appears also that the main-

tenance costs of free piston engines

will exhibit the same trends as the

diesel engine. These are issues that

need to be resolved before one may
claim a saving from burning Bunker C
fuel.

It has also been suggested that a

free piston type of engine disposes

of the combustion chamber problems

sometimes associated with gas tur-

bines. While it is true that the prob-

lem of burning Bunker C in a gas

turbine is real, it is difficult to see

how it has been disposed of in the

free piston engine, where it is associ-

ated with smaller injection nozzles

and finely machined and closely

fitted mating surfaces, which are

highly susceptible to dirt, carbon and
sludge. In practice, severe oil con-

tamination and a two or threefold

increase in wear of piston rings and
cylinders has been encountered when

burning Bunker C in reciprocating

engines.

Capital charges, maintenance and repairs

We have not compiled figures for

the cost in quantity of the experi-

mental power plant described here-

in; but in the design we have paid

some attention to details which seem

to US to be especially important in

the reduction of capital and mainten-

ance costs. In terms of both capital

and maintenance costs, the purely

rotating gas turbine seems likely to

show a considerable margin of super-

iority over both the diesel and free

piston types.

Reliability, control and flexibility

We agree entireh' with the com-

ments that a locomotive power plant

capable of replacing present diesel

units must be superior in reliability

and con\enience of operation, and

that the flexibility of operation

achieved by multiple working of

diesel units is indeed very satisfac-

tory. While the proposed gas turbine

output appears at present to be a

useful one, it is quite possible to

scale this type of unit for either

larger or smaller power.

Transmission

We agree that the high reduction

ratio involved in gearing a turbine

directh' to the wheels in\ olves prob-

lems during shunting, slipping, etc,

but are satisfied that they can be

managed in a practicable way. The

proposed arrangement with a two

stage traction turbine allows one to

couple directly to the wheels with-

out a gear change. The free piston

gasifiers with the higher pressure

and lower temperature gases ease

the problem of gas ducting, but on

the other hand make a five or six

stage traction turbine necessary which

because of its poorer torque-speed

characteristic requires either gear

changing or electric drive to gi\e

satisfactorx' train operation. In the

arrangement proposed. the gear box

and turbine are carried as sprung

weight and are therefore not subject

to the most severe rail shocks.

Thermal efficiency and cycle potential

The efficienc\' of 21*7 gi\ en in tlie

report makes adequate allowances for

pressvne drops and is, we feel, real-

istic for the arrangement set out. This

will be reduced further b\ a tians-

mission gear loss to give a net effic-

ienc\ at the rail of 19%. The diesel
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engine is often credited with a ther-

mal efficiency of 32%; but, in prac-

tice, it achieves more nearly 28%.
Applying to this a factor of 80% for

electrical and gear losses one finds

the comparable diesel efficiency is

22.4%. The published efficiency of

the free piston engine is 40% as

a gasifier and this is reduced to 32%
after putting the gases through a tur-

bine. If the arrangement is used with
an electrical drive, the rail efficiency
is only slightly better than that of
the diesel. If it is used with a me-
chanical drive, one finds that the
starting torque of the five or six stage
turbine necessary for existing gas pres-
sures is not sufficient for good train
handling and a two speed transmis-
sion with its additional complication
is then necessary.

It should be emphasized that the
proposed cycle was not arrived at
merely for reasons of efficiency, but
on grounds of general adaptability,
simplicity and inherent capability for
development. By suitable choice of
the three basic design quantities avail-
able (overall pressure ratio, maximum
cycle temperature and boiler size or
effectiveness) the emphasis can be
shifted among overall thermal effici-

ency, machinery size and cost, main-
tenance requirements, water consump-
tion, etc, with a large degree of free-

dom, the main restriction involving
the need to maintain nimble starting

characteristics so that the essential

feature of low consumption idling is

retained. From an economic point of
view, the optimum power plant is

that with the lowest total operating
costs comprising fuel costs, mainten-
ance costs and capital charges. The
present power plant, with moderate
temperature and pressure ratio, repre-
sents a considered starting point
which may well be close to a present
optimum and also serves to provide
experience indicating the directions

in which progress must be made to

reduce the total running costs to a

minimum. As an example of the
diversity of possibilities, an increase

of maximum cycle temperature from
the present levei to 1000°C. may be
utilized in at least three ways. Firstly

without prejudice to the existing levei

of economy, the arrangement can be
considerably simplified by the elim-

ination of the entire low pressure

compressor gas turbine system with

considerable benefit to capital costs.

Alternatively, both the present levei

of efficiency and pressure ratio may
be maintained but the boiler con-

siderably reduced in size with the

resulting water consumption less than

half the present levei. Finally, the

overall pressure ratio can be in-

creased to 8:1 with the overall ther-

mal efficiency increasing to values

in excess of 30% and a resultant

efficiency at the rail considerably

greater than that possible from either

the diesel or the free piston gasi-

fier units as presently envisaged. In

going to 1000°C. one could, for ex-

ample, employ water spray cooling

on the turbine blades which, in addi-

tion to improving the performance,

could also afford protection against

blade fouling and corrosion.

The fali off in power of the gas

turbine as the ambient temperature

rises is, of course, more pronounced
than is the case in the diesel engine,

but the corresponding increase in

turbine power with a drop in ambient

temperature seems to be the really

significant feature because of the gen-

eral railway requirement for increased

powers in cold weather.

Starting from cold

The one hour starting time referred

to in the report is for a completely

cold engine and would be about the

same for summer or winter condi-

tions. While this is an appreciable

time, the ceitainty of securing a start

is inherent, a respect in which it

invites comparison with either the

diesel or the free piston engine under

winter conditions. When the engine

is in a roundhouse with steam avail-

able, the time required to bring the

unit to low idle condition should be

greatly reduced. From the low idle

condition, the power plant is found

to be very responsive and will give

a performance in standing fuel costs,

and time to fuU load about the equal

of the diesel engine.

Dynamic brakes

In the report we have made no

reference to dynamic brakes which

have been found very useful in some
regions but of little value in others.

We have in mind an arrangement for

dynamic braking vising a water brake

coupled directly to the traction tur-

bines.

Simplicity

Mechanically the arrangement is

clean. The use of a separate steam

turbine is, we believe, an advantage

which incidentally disposes of elec-

trical energy storage and the use of

direct current. Blowing the steam into

the main gas turbine would eliminate

one shaft, but would deny one of the

benefits obtained from a two shaft

machine. These appear to us to be

considerable, particularly from the

aspects of control and part load oper-

ation. There would also be an addi-

tional boiler corrosion hazard if one

were to blow the wet exhaust gases

through it.

Coal buming locomotive

The possibility of buming coal in

a gas turbine locomotive is an in-

triguing concept but in practice is a

much more difficult task than buming
Bunker C. In addition to the problem

of supplying fuel and avoiding ero-

sion and corrosion problems, there

is the added difficulty of "control"

with a suitable response. For these

reasons we believe the buming of

coal in a locomotive can most advan-

tageously come after some measure of

success has been attained with oil

fired machinery.

Water consumption

It is appreciated by the authors

that the relatively large water con-

sumption is an embarrassment, but

the advantages accruing from the sys-

tem proposed seemed to us worth

the price. It is in fact this feature

which differentiates between this pro-

posal and a large number of others.

The boiler has sufficient capacity

to supply the 6000 Ib./hr. of steam

for train heat in addition to the com-

pressor work, and a pressure of 250

p.s.i. as suggested is practicable al-

though we have chosen 150 p.s.i.

with more superheat as being pre-

ferable for the engine itself.

We appreciate very much the sug-

gestion that, with the rate of water

consumption we have proposed, a

tender supply of 10,000 gallons

would ensure uninterrupted running

over a railway division. While we
foresee ways of reducing water con-

sumption to a fraction of that now
proposed (with elimination of the

tender or extension of mnning to

several divisions), we again draw

attention to the special advantage of

certain uses of steam. Apart from the

questions of efficiency and fast start-

ing set out in the paper, there are a

number of other important implica-

tions. The storage and generation of

starting energy as steam eliminates

entirely the need for storage bat-

teries, controls and a d-c. electrical

system. The use of three phase alter-

nating current with standard indus-

trial squirrel cage motors seems to us

to be an important advance in relia-

bility, simplicity and cost.
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THE INTERCONNECTED

POWER SYSTEMS OF NOVA SCOTIA

AND NEW BRUNSWICK

G. D. Mader, P.Eng., Chief Engineer

Novo Scotia Power Commission

Halifax, N.S.

THE INTERCONNECTION of

thfe electrical power systems of

Nova Scotia and New Brunswick is

expected to be accomplished by
March 1960. Participating utilities

are the New Brunswick Electric

Power Commission, the Nova Scotia

Power Commission, and the Nova
Scotia Light & Power Company Lim-
ited. The interconnection involves the

construction of 105 miles of single

circuit 138 kv. transmission line and
the e.xpansion and modernization of

five substations, together with neces-

sary relaying, metering, carrier con-

trol and communication equipment.

Fig. 1 shows the general service

áreas of the participants. The area

served by the Nova Scotia Power
Commission is divided by that of

the Nova Scotia Light & Power
Company. The New Brunswick Elec-

tric Power Commission is separated

from the Nova Scotia Power Commis-
sion by the service area of the Canada
Electric Company. For the purpose

of the interconnection, the Canada
Electric Company is considered as

part of the Nova Scotia Power Com-
mission's system. These two utilities

have had an interconnection for some
years and it is felt that this additional

expansion can be more conveniently

handled by one utility. Included

within the interconnection agreement
will be roughly 67% of the generat-

ing facilities of the two provinces.

Private industry, municipalities, the

Seaboard Power Corporation in Cape
Breton and the Gatineau Power Com-
pany in northern New Brunswick sup-

ply the remainder.

The three participants are practic-

ally equal in size and their loads are

approximately the same. At the pres-

ent time the loads of both the Nova
Scotia Light & Power Company and
the New Brunswick Electric Power
Commission are increasing at a some-

what greater rate than the load of the

Nova Scotia Power Commission.

The interconnection of two or more
generating systems always reduces

the amount of generating capacity to

be installed as compared with that

which would be required without the

interconnection. The amount of such

reduction may be small or large de-

pending on the interrelation of the

various factors and characteristics of

the interconnecting systems and the

levei of service reliability. The in-

stallation of the transmission facilities

that are necessary to bring about the

interconnection may or may not be

justified. This fact can be determined

only by a proper economic compari-

-son of the alternate installation.

In May of 1957, engineers from

the three participating utilities, to-

gether with other interested parties,

conducted a series of loadflow studies

on the Westinghouse a-c Network

Calculator at Pittsburg to check per-

formance of the interconnected svs-

tems and to get an indication of con-

ductor size and voltage levei require-

ments of the tie Unes. These studies

clearh' indicated the interconnection

technically feasible.

Subsequently, management set up
an engineering committee composed

of staff of ali three utilities for the

express purpose of determining the

economics of the interconnection.

From the data obtained at the Pitts-

burg studies, capital expenditure for

tie Unes, substations and related

equipment was estimated at $4 mil-

lion. It remained to be shown what
capital savings could be effected be-

cause of reduced reserve requirements

under interconnected operation.

Probabilit\' theorems were used to

compare the reserve position of each

utiUt\- with that of the proposed

interconnected system for \an'ing de-

grees of service reliability. This ap-

proach \\ as necessarv^ because none of

the participating utilities had identical

reserve policies. To compare the ca-

pacit\- required of one utilitv to carr>

out its load responsibilit\ with the

same degree of reliabilit\ as another

would otherwise have been difficult.

Partial results of this study are

shown in figs. 2 and 3, Fig. 2 is

computed for a serxice reliabilit\' of

68 THE ENGINEERING JOURNAL—OCTOBER. 19S9



THE ENGINEERING JOURNAL—OCTOBER, 1959 69



DIU- il.u iii ii\c \oar.s, lhat is to say,

with the ainount of capacity shown
thore is a probabiIit>' of not being able

to carry tho load (ali or any pait of it)

of oiie da\ in five \ eais or an outage

probabilit\- of 0.2 days per year. Re-

siilts for tiie four years, 1959 to 1962,

art' show n. Other \ ears w ill be similar.

Fig. 3 is plotted for the year 1961.

The ordinate represents the probabil-

it\ of failure in days per year while

the abscissa shows the installed ca-

pacit>- in megawatts. Note that as

tlie reliabilit\- is increased (or the

probabilit\ of ontage is decreased)

the installed capacity for separate

operation increases at a far greater

rate than that for interconnected op-

eration, e.g., with a peak load on

the system of 490 mvv. and a relia-

bilit\ levei of one day in five years,

the interconnected system would re-

quire 52 mw. of reserve capacity.

If, however, the utilities operated in-

dependently they would require a

total of 224 mw. or roughly 4 1/3
times as much.

The results of the study shown
graphically in fig. 2 can be tabulated

as in table I.

Estimating the capital cost of in-

tei-connecting existing facilities as $4
million and annual carrying charges

as 7%; and the capital cost of capacity

as S150 per kw. and annual carrying

charges as 8%; then the annual dol-

lar benefit is as shown in Table II.

Another result of this study was
to show that on an interconnected

basis, a reserve of approximately 12%
of system peak would be required

for an acceptable degree of service

reliability. Ali three utilities have
been carrying reserve approximately

30 to 40% of their peak loads be-

cause of established reserve policies.

After due consideration of the re-

sults of this study, the three utilities

mutually agreed to proceed with the

interconnection and directed the en-

gineering committee to complete

Fig. I. Intercon-

nected Utilities —
áreas served by

generation.
MAINE

design of interconnection facilities. At
the same time an operating committee
was appointed to draft a suitable in-

terconnection agreement.

Of necessity there lias been close

liaison between the engineering and
operating committees. It was agreed

in early discussion that the main pur-

pose of the tie transmissions would
be to supply reserve power between
utilities in case of emergency. It was
recognized that firm power inter-

change would in ali probability re-

quire double circuit 220 kv. trans-

mission which would nullify the eco-

nomic benefits of the interconnection,

at least at the present time. It was
decided that in general the capacity

installation of any utility would not

be permitted to fali below the peak
load of that utility. For this reason

tie line flows would be restiicted to

a maximum of about the capacity of

the largest unit on the system at the

time.

Year

Estimated
Combined
Load

Table 1

Capacita
Separate
System

Capacity
Connected
System

Capacity
Benefit

398 539 449 90
1960 444 624 495 129
1961 490 714 542 172
1962 541 772 606 166

Table II

Year Capacity Interconnection Benefit

1959
1960
1961
1962

$1,080,000
1,548,000
2,064,000
1 ,992,000

5280,000
280,000
280,000
280,000

$ 800,000
1,268,000
1,784,000

1,712,000

LEGEND

NEW BRUNSWICK ELECT. PWR. COMM.
NOVA SCOTIA POWER COMMISSION
NOVA SCOTIA LIGHT í POWER CO..LT0.
CANADA ELECTRIC CO. LTD.

OTHER COMPANIES

The design of the interconnecting

facilities was well ad\anced earl\" in

1958. Final decision on conductor

size and voltage levei was withheld

howe\'er, and no equipment orders

were placed pending confirmation of

the results of our studies by another

network analysis which was under-

taken in April of last year.

This study resulted in the final

choice of a 138 kv tie line using a

556,600 circular mill ACSR conduc-

tor. Transformer types, sizes and tap

range were established along with

circuit breaker ratings, stabilit>- limi-

tations and reactive requirements.

Loadflow studies were carried out

to check operation on a maximum
transfer of 100,000 k\v. either from

No\'a Scotia to New Brunswick or

\'ice-versa. This transfer appeared

possible under emergenc>' conditions;

normal operating conditions may be

lower than this levei for some time.

Loadflow^s were also checked to

provide operational data such as

\'oltage le\els, var flows and system

losses.

The s>'stems were checked for both

steady state and transient stability

in accordance with the best advice

a\'ailable regarding criticai points of

the interconnection. No particular

technical problems were encountered.

The Engineering Committee have

now decided on a uniform design for

the entire interconnection. It is to be

a Steel tower line with double over-

head groinid wires and coimterpoise

where necessary. Power line carrier

communication with pro\isions for
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relaying, telemetering and supervis-

oiy contiol has been chosen for the

entire link.

The choice of 138 kv. for tie line

voltage was indeed a fortunate one

since both the Nova Scotia Power
Commission and the New Brunswick

Electric Power Commission had some
138 kv. lines either under construc-

tion or in operation before decision

was reached to interconnect. The
Nova Scotia Power Commission had
the section of hne from Trenton to

Onsiow and from Onslow to Maccan
constructed for 138 kv. but operating

at 69 kv., while the New Brunswick
Electric Power Commission had a

considerable amount of their 69 kv.

grid overlaid with 138 kv. transmis-

sion.

The three utihties have now ali

accepted in principie the agreement
submitted by the operating committee.
This agreement provides for the set-

ing up of an administrative commit-
tee composed of one representativa of

each utility to: (a) Interpret the pro-
\isions of the agreement, (b) Con-
sider load forecasts and Schedule
generation. (c) Supervise the oper-
ating committee.

The operating committee will be
composed of one representativa and
an alternate from each utility and will

be rasponsibla for: (a) Scheduling of

daily spinning reserve and daily plac-

ing of orders, (b) Scheduling main-
tenance, etc.

It is anticipated that the systams
will always be operated in parallel

and that a plan will be set up for fra-

quency regulation. Kilowatt hours
will be exchanged on a schedulad
basis only, and spinning reserve will

be allocated between the parties.

Reserve capacity limits for the in-

terconnection have been astablished
between a minimum of 10% and as

ciosa to a maximum of 15% as prac-
ticable. Each utility will be required
to contribute a reserve capacity equal

8-

o
UJ

g 5
Z
3
I
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I
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1959

T
1960 1961

YEARS

I

1962

SYSTEM LOAD.
REOUIRED CAPACITY OPERATING AS INTERCONNECTED SYSTEMS.
REQUIRED CAPACITY OPERATING AS SEPARATE SYSTEMS.

Fig. 2. System load vs. ínstalled capacity.

to its peak load times the percent

reserve detarmined as adequate for

pool operation or pay at the rate

established in the Agreement to

others carrying it. At the time a new
unit is to be installed to retain tha

desired system reserve ratio, it will

ba the responsibility of the participant

having the lowest reserve ratio at

that time to install the necessary unit.

Many alternate patterns of installa-

tion are possible under the terms of

the agreement. Naturally any pattern

will be under continuing review and

adjusted as actual load conditions

deviate from those forecast.

Peak loads shown are outgoing

faader paaks and installed capacit\'

Table III

1959.
1960.

1961.
1962.

1963
1964.
1965.
1966.
1967.
1968
1969
1970.

Load (Peak) Installed Cap. Reserve MW Reserve %
NB NS NSL Ttl. NB NS NSL Ttl NB NS NSL Ttl. NB NS NSL TV..

154 120 146 420 196 152 225 573 42 32 79 153 27.3 26.6 54.1 36.4
171 130 164 465 196 167(a) 225 588 25 37 61 123 14.6 28.5 37.2 26.5
188 140 184 512 243 (b) 167 225 635 55 27 41 123 29.3 19.3 22.3 24.0
206 151 206 563 243 173(c) 234 (d) 650 37 22 28 87 18.0 14.6 13.6 15.5
226 163 230 619 243 247(e) 234 724 17 84 4 105 7.5 51.5 1.7 17.0
246 176 258 680 243 253 (f) 304 (g) 800 —3 77 46 120 —1.2 43.8 17.8 17.6
270 190 289 749 313(h) 253 304 870 43 63 15 121 15.9 33.2 5.2 16.2
295 205 324 824 313 261(j) 390(k) 964 18 56 66 140 6.1 27.3 20.4 17.0
322 221 363 906 407(1) 261 390 1058 85 40 27 152 26.4 18.1 7.4 16.8

353 239 407 999 407 261 484 (m) 1152 54 22 77 153 15.3 9.2 18.9 15.3

385 258 456 1099 407 355 (n) 484 1246 22 97 28 147 5.7 37.6 6.1 13.4
420 279 511 1210 501 (p) 355 484 1340 81 76 —27 130 19.3 27.2 --5.3 10.7

X.B.—New Brunswick Electric Power Commission.
NS—Nova Scotia Power Commission and Canada Electric Companj- Limited.
NSL—Nova Scotia Light and Power Company Limited.
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Fig. 3. Probable average frequency of occurrence of failure to cam- the load for the

year 1961.

ropicsonts uct capaoit)' ;iftor allow-

injí tor station service. It will be
noted tliat for tlie three years 1959-

61 sNstem reserve is considerabh'

abo\e that wliicli is iiecessary. This

is beeause certain imit installations

were coniniitted before agreement to

intercoiinect w as rcached. A condition

oi:" the agi-eement provides tliat no
deficicncN' pa\-ments shall be made
between parties unless or until the

systeni reserve ratio drops below 15%
or the reser\e ratio of an individual

utilitN- drops below 10%. This vvould
liappen in 1962 if new capacity is

not added at that time. From this

year onward, Utilities having a re-

serve percentage lower than the sys-

teni reser\'e percentage will pay ca-

pacity deficiency payments to the
utility or Utilities having a greater
than system percentage reserve.

The largest size thermal units
at present operating in either Nova
Scotia or New Brunswick are 50 mw.
installations. The Nova Scotia Light
èc Power Company have two of these
installed in their Water Street plant.
The New Brunswick Electric Power
Commission's Saint John plant will
have a 50 mw. machine operating in

1961. The interconnection makes it

possible, as well as economical, to
bring into service in 1963 75 mw.
units and in 1966 100 mw. units,

which we feel would not have been
advantageous with separate opera-
tion. It is interesting to note that
decision to interconnect has aheady
permitted deferment of additional
units at Trenton and Tuft's Cove.

It is felt that the capital savings
alone are sufficient to justify the
interconnection. Other benefits come
from the installation of larger units
of better efficiency, exchange of sur-

plus energy, and the opportunity of
being able to postpone the installa-

tion of a new unit by purchasing a

share in a large unit of a neighbor-

ing utility. This vmit participation

scheme could become one of the

more valuable sections of the inter-

connection.

Possible future members of the

interconnection could be the Sea-

board Power Corporation in Cape
Breton and the Gatineau Power Com-
pany in northern New Brunswick.

Both of these organizations, although

not as large as the three participating

Utilities, supply a substantial portion

of the Maritimes load, and besides

benefiting the interconnected system,

should gain from it.

There exists at present a tie be-

tween the New Brunswick Electric

Power Commission plant at Beech-

wood and the Flo's Inn Substation

(Presque Isle) of Maine Public Ser-

vice Company. The New Brunswick
Electric Power Commission also has a

number of ties in the northern part of

the province with the different paper

companies in that area. Both utilities

in Nova Scotia have similar but small-

er ties with industiy and municipali-

ties. Possible ties in the future may
be with Prince Edward Island and

through the New Brunswick Electric

Power Commission to various utilities

in Maine and Quebec.
New de\elopments in the near

future are a thermal station at East

Saint John for the New Brunswick
Electric Power Commission. one at

Tuft's Cove (near Halifax) for the

No\'a Scotia Light &: Power Company
and a 74 mw. hydro installation at

\\'reck Cove (in northern Cape
Breton) for the Nova Scotia Power
Commission.

To sum up, we must say that we
expect to deri\e greater benefits

from the interconnection as it pro-

gresses and as the participating util-

ities become more familiar with the

savings to be gained from one s\ stem

operation. This of course will only

come with the passing of years during

which the individual participants will

become more accustomed to group

operation. \\'e think that the saxings

and benefits derived from the first

few >ears of operation will enable

the participating utilities to see the

ad\antages that can be theirs with

a spirit of cooperation. We shall be
able to achieve the sa\'ings of large

system operation while retaining our

independence.

As the load in the Maritimes in-

creases so will the valne of the inter-

connection, and we trust that this is

only the first step toward better and
cheaper power production in the At-

lantic Proxinces.

Table IV

Pattern of Net Installation for Table III

(a) XSPC
(h) NBEPC
íc) XSPC
(á) NSL&P
(e) NSPC
ff; XSPC
íg) XSL&P
(h) XBEPC
d) XSPC
(kj XSL&P

(]) XBEPC
(mj XSL&P
Cn) XSPC
(p)] XBEPC
Retum from XSL&P

15 mw.
47 mw.
6 mw.
9 mw.

74 mw.
6 mw.

70 mw.
70 mw.
8 mw.*

\ 94 mw.
1-8
94 mw.
94 mw.
94 mw.
94 mw.

Síssiboo . Hydro
St. John TÍiermal
Sissiboo Hydro
Alpina and LeQuille Hydro
Wreck Cove Hydro
Sissiboo Hydro
Tufts Cove Thermal
St. John Thermal
St. Margaret's Hydi'o
Tufts Cove Theimal
St. Margaret's Hydro
St. John Thermal
Tufts Cove Thermal
Trenton Thermal
St. John Thermal
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WHITEDOG FALLS

AND CARIBOU FALLS

GENERATING STATIONS

Hydro-Electric Developments on the Winnipeg and English Rivers

N. S. Haines, M.E.I.C., Project Engineer

The Hydro-Electric Power Commission of Ontário

TO MEET the increasing demand
for power in its Northwestern

Region as in ali sections of the

Province, it has been necessary for

the Ontário Hydro to maintain a con-

tinuous program of development of

new power sites. The following is a

description of the development of two

of these sites—Whitedog Falis on the

Winnipeg River and Caribou Falis on

the English River, which were con-

structed as a combined operation. The
constructíon of Whitedog Falis Gener-

ating Station was anthorized on

August 8, 1955. Eight months later

it became apparent that still more
power would be required shortly to

meet the anticipated demand, and the

constructíon of Caribou Falis Gener-

ating Station on the English River was
authorized.

In Ontário, the two main branches

of the Winnipeg River are the Winni-

peg flowing northwest from the chain

of lakes that forms the boundary
between Canada and the United

States immediately west of the Great

Lakes, and the English flowing from

the northeast. Tetu Lake at the con-

fluence of the two tributaries is the

common tailwater of both the stations

described. The combined outflow

from Tetu Lake passes over Boundary

Falis and continues as the Winnipeg

River, emptying into Lake Winnipeg.

The provincial boundary lies one mile

below Boundary Falis. Downstream
from Boundary Falis through Mani-

toba to Lake Winnipeg, the total head

of about 256 ft. has been fully

developed in six plants, each with an

installed capacity to use about 30,000

cu. ft. per sec. (see Fig. 1).

Whitedog Falis is 17 miles north

of Minaki, which is on the main line

of the Canadian National Railwa\-.

The rated head is 50 ft. and tlie

rated capacity 81,000 b.h.p. Caribou

Falis is 17 miles farther to the north-

west and has a rated head of 58 ft.

and a rated capacity of 102,000 b.h.p.

The Lake of the Woods, from \\ hich

the Winnipeg River issues at Kenora,

is an international lake, and its out-

flow is regulated by a control dam
and four privately owaied power
plants. Under normal conditions re-

sponsibility for the lake leveis and dis-

charge is vested in the Canadian Lake

of the Woods Control Board. Under
conditions of e.xtreme high or low

water, this responsibility re\'erts to

The International Lake of the Woods
Control Board. The control works

have a ma.ximum discharge capacit\" of

50,000 cu. ft. per sec. and proxide

4,990.000 acre-ft. of storage. The total

fali in the Winnipeg Ri\er from below

the Norman Dam at Kenora to the

foot of Boundary Falis is about 54 ft.

Lac Seul, from which the English

River issues at Ear Falis, is regulated

Fig. l. Drainage area
Winnipeg River.
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hy a coiitii)! dam at its outlet. Re-

sponsibilit)- for tlie legulation of Lac
Seul is \cstcd in the Lake of the

Woods Control Boaid. This lake pro-

vides 4,530.000 acre-ft. of storage.

Ontário H\ tlro operates the Ear Falis

Ceiiorating Station at the control dam
and about 20 miles downstream is

located the recently constructed Mani-

tou Falis Generating Station. The
total fali in the English River from

the tailrace at Manitou Falis to the

foot of Boundary Falis is approxi-

mately 94 ft. This fali occurs as a

series of rapids in the river section

between intervening lake áreas.

Preliminary Investigation

The original surveys of the various

sites on the English River between
Boundar>' Falis and Lac Seul were

conducted by the Manitoba Hydro-

graphic Surveys under the direction

of the late M. C. Hendry, MEIC. In

1930 the Ontário Hydiro and Domin-
ion Government survey agencies ex-

panded this information and secured

topographic information on the Winni-

peg River from Boundary Falis to

Kenora. In 1951 an extensive survey

was made of the Boundary Falis site

to use the combined flow of both

rivers in one plant under a head of

about 50 ft. Studies made using this

information indicated that develop-

ment of Boundary Falis would be

costly due to the extensive side dams
and the clearing of large áreas that

would be flooded. The improved re-

liability of remote-controlled stations,

with the resulting savings in colony

costs that occurred at this time, now

favoured the constructlon of multi-

stage developments. In 1953 a survey

of the upstream sites was undertaken

to establish the best pattem for the

development of the rivers. The pat-

tem finally selected was to develop

the full remaining head on the Winni-

peg River at Whitedog Falis, the

headpond of this plant to flood back
to the tailwater levei of the plants

at Kenora. Since the tailwater of

Whitedog Falis would be Tetu Lake,

it was proposed to utilize the total

fali by making channel improvements
at Boundary Falis that would lower

Tetu Lake. The pattem chosen for the

English River was to develop 58 ft.

of head at Caribou Falis site, %\'hich

would also benefit from the channel

improvements at Boundary Falis, and
develop at some future date the re-
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inaining 36 ft. of fali on the English

River at Maynard Falis.

Turbine Selection

The Northwestern System of the

Ontário Hydro is not connected with

the systems in the other section in

the Province, but it is interconnected

w ith the Manitoba Electric System,

which contains both hydraulic and
tliermal stations, and thermal stations

tor the Northwestern Region were
being considered. These conditions in-

dicated that a low load factor plant

\\ ould be advisable at Whitedog Falis.

Also of a total drainage area of 27,-

170 sq. miles on the Winnipeg River,

ali but about 1,000 sq. miles were
above the Lake of the Woods control

dam, which has a storage volume of

184 acre-ft. per sq. mile of drainage

area. The shape of the duration curve

could therefore be varied to suit many
conditions. The flow required on
weekdays by the plants at the outlet

of Lake of the Woods is constant, with

the shutdowns during week-ends. The
Whitedog headpond has an area of

33,000 acres, but since part of it is

in a highly developed summer resort

area, riparian owners would object

to large fluctuations of water levei.

The present rule curve used by the

Lake of the Woods Control Board
produces a duration curve that would
indicate an installed capacity to use

a flow of 14,000 c.f.s. at Whitedog
Falis at 60% load factor. An economic
study showed that the incremental

energy cost equalled that of thermal

energy when the installed capacity

uses a flow of between 16,000 and

17,000 c.f.s. The selection of this

capacity was based on a duration

curve of the Winnipeg River regu-

lated for the maximum energy output

such as might be desired when On-

tário and Manitoba have developed

substantial theiTnal-electric capacity.

The studies indicated the economic

limit of installation to occur with a

maximum turbine discharge equal to

the flow available 25% of the time.

Under 50 ft. of head and at 88% ef-

ficiency, this gave a turbine output

of approximately 81,000 b.h.p.

Maintenance conditions of a

remote-controlled station such as

Whitedog would indicate a smaller

number of large turbines. Operating

flexibility for maximum efficiency

with varying flow conditions indi-

cates a larger number of smaller

Fig. 3. Caribou Falis powerhouse section.
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imits. Vwv luiits similar to those pre-

vicMish installod at tlie Commissions
Maiiitou l'"alls jilant would meet tlie

latU'1 rmulition. The power was iii-

gontl> iRTilc-d, and units of this size

c-oiiKl he procuied w itliout allow ing

iuikIi time for engiiíeering aiid tests.

Ou lhe otlier hand, the huge number
ot units WDukl require a longer in-

stalhitioii |ieriod. Turbines of a size to

(leNclop this power under 50 ft. of

he.ul in one or two units were not

in Lonimon use and considerable time
would be required for engineeríng and
model tests. A compromise was made
and three units of 27,000 b.h.p. were
decided upon. These units w ould have
h\draulie characteristics similar to

those at Manitou Falis and a physieal

size approximating the units at the

Chenaux Generating Station built in

1950. It was known that such units

could be procured within a reason-

able time and preliminary estimates

índicated some saving in cost as

compared with a five-unit plant. The
three turbines as purchased for the

Whitedog Falis Generating Station

were rated at 27,000 b.h.p. under 50
ft. head and at a synchronous speed
of 105.9 r.p.m. Under these con-

ditions the guaranteed efficiency was
90.3% and the discharge per unit

5,200 c.f.s.

Preliminary studies for Caribou
Falis using similar basis and a dura-

tion curve for the English River in-

dicated the use of two 46,500 b.h.p.

units. To make the most efficient

use of the water, Kaplan type tur-

bines were considered. A further in-

crease in the anticipated demand for

power made the diversion of an aver-

age of 2,800 c.f.s. from the Albany
River watershed to the English River
desirable. This water would develop
an additional 250,400,000 kwh. an-

nually in plants already constructed

on the English River or under active

consideration. This increase in flow

of 2,800 c.f.s. made the economic
capacity of Caribou Falis larger, and
three units of somewhat smaller in-

dividual capacity now appeared
more appropriate. With three units

and a large headpond it was felt that

there was sufficient operating flexi-

bility to use the water efficienth' in

fixed-blade turbines. Also an addi-

tional transmission line was being
added to the Northwestern System,

which would reduce the percentage

of time that Caribou Falis Generating
Station would be used for tie line

load regulation. Kaplan type tur-

bines were more expensive and the

delivery time would be longer than

for the fixed-blade type. The capa-

city chosen for the plant was 102,-

000 b.h.p. developed in three propel-

ler type turbines at 34,000 b.h.p.

each, under 58 ft. of head. with a

synchronous speed of 112,5 r.p.m.

and a discharge of 6,250 c.f.s. per

unit. A duration cur\e prepared from

English Ri\ er flow s plus the diversion

from the Albany shows flow for this

capacity to be a\ ailable 25? of the

time.

Similar units to those supplied for

^^'hitedog Falis were provided, ad-

justments being made for the greater

head and output. This pro\ed to be
a great sa\ ing in time and monex" as

the turbines could be delivered with-

in a minimum time and numerous
parts were interchangeable between
the two plants. Since the water pas-

sages and spacings were the same,

the substructure drawings for White-
dog Falis could be revised and
used for Caribou Falis (see Figs. 2
and 3).

The turbine analysis for both plants

\\'as based on s\"nchronous speeds and
settings which will aliow operation

under full gate without limitation of

turbine capacity on account of cavi-

tation restrictions at either rated head
or maximum head. A band on tlie

back or under side of the blades ex-

tending 24 in. in from the periphery

was required to be coated with to

3 16 in. of stainless steel as a further

precaution against cavitation.

For both plants the generator capa-
cit\- w as based on the expected maxi-
mum ovitput of the tiubine rather

than on a normal output of the

machine based on its nominal rated

cap.\cit>'. The generator capacity

chosen was such that when the tur-

bine operates at maximum expected
output, the generator will be operat-

ing at 10? o\er-rated capacitx'. The

Fig. 5. Whitedog Falis second stage unwatering.
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transformei- capacity was based on

maximum turbine output less losses

to the output side of the transformer.

Fig. 6. Caribou Falis first stage unwatering.

VVhitedog Falis Site

Above Whitedog Falis the Winni-

peg River divided into two channels

forming Whitedog Island. The north

ehannel was small and inider normal
flows carried about 10% of the flow.

The drop in this ehannel occurred as

a series of rapids. The south ehannel,

which carried most of the ílow, passed

through several rapids and swifts with

the main pitch near the downstream
end of Whitedog Island. The surveys

undertaken in 1953 indicated two
possible sites for the dam line. One
site was at the extreme downstream
point of the island, and the other

slightly upstream at the foot of the

main falis. On May 16, 1955, detailed

surveys were commenced. The sites

were investigated on a comparative
basis by geological mapping, a seismic

geophysical survey, and a limited

amount of diamond drilling. Estimates

were made as this information was
received, while the investigation was
in progress. These estimates favoured
construction at the upstream site. The
surveys and geological investigation

were then concentrated on this site

during the late summer and fali of

1955. The sites of two block dams
required were also investigated; one
at the head of the north ehannel, the

other in a draw on Whitedog Island.

The overburden in the area con-

sisted of alluvial clay overlying granu-

lar soils. The clay is more or less

continuous except at points along the

river bank or along flanks of rock

outcrops where granular soils are

sometimes exposed.

The vinderlying granitic type bed-
rock was exposed in the river ehannel
and on both banks. Many surface slab

fractures occurred but diamond drill-

ing showed these did not extend to

depth. The diamond drilling revealed

that two zones of altered and frac-

tured rock crossed the proposed dam
line and these zones would require

grouting. The altered zones were tight

at greater depth.

Caribou Falis Site

Caribou Falis is located 8 miles

east of the Manitoba border at the

outlet of Umfreville Lake, which forms

the headpond, and just upstream from

Tetu Lake. The surveys of 1953 had
indicated two possible dam lines at

this site. One site was a short distance

above the falis and the other was
along the crest of the falis. SuíRcient

topographical and geological informa-

tion was taken during the summer of

1955 to make comparative estimates

of the two possible sites.

On the upper line granitic rock was
exposed on the right bank and con-

tinued under the river. On the left

bank outcrops of sedimentary gneisses

were exposed, thinly overlain in places

by shallow deposits of coarse brown
sand formed by weathering of the

rock. At the line along the crest of the

falis the granite was exposed on the

right bank and in the river section.

The left bank was overburden com-

posed of sandy silt overlain by a buff

clay. This overburden extended back
from the river about 1,000 ft., where
there was a granite knob outcropping.

A saddie between this outcrop and the

gneiss outcrop on the upper dam line

was filled with overburden and was
possibly an old river ehannel. Esti-

mates indicated the lower line along

the crest of the falis to be the most
economical. Further geological and
topographical information was taken

during the early summer of 1956 on

the chosen dam line and on the sites

of four block dams required. Ali the

block dams were in rock saddles

partly filled with the overburden
typical of the area, that is, firm bufí

clay overlying dry sandy silt with

perched water tables lying on the top

of the clay, the top layer of which
had a high organic content. Two of

the block dams were on the right bank
some distance from the end of the

main dam. One on the left bank was
near the end of the main dam and the

other was 10 miles to the southeast

between the English and the Winni-

peg River watersheds.

Fig. 7. Caribou Falis second stage unwatering. Description of Developments

Hydraulic studies indicated 1036 as

a desirable normal headwater levei

at the Whitedog Falis plant. This

allowed for 1 ft. of loss in the river

ehannel back to Minaki after ehannel

improN ements were made at the head

of the \\'hitedog Falis gorge to reduce

the gradient loss through this con-

striction. The mean low tailwater was
set at 982, with ehannel impro\ ements

required at Boundar\ Falis to achieve

this. This elevation will \ an- with flow

conditions. The h\draulic studies

showed that high water during flood

flow above Minaki would not be higher

THE ENGINEERING JOURNAL—OCTOBER, 1959 77



than in the state of nature. The struc-

tures weie lUvsignecl on tliis basis, wiíh

the powerhouse and the headworks
located in the ri\'er ehannel ncar tlie

left or south\\est baiik and with the

erection ha\- on the shore side, as this

w as tlie diíeetion from which the road

would reach the plant. The gravity

type bulkliead wall extends from the

headworks to the 1041 rock contour

on the left bank. On the right of the

powerhonse is a short bulkliead sec-

tion with a storage vvell for service

gates. Beyond this is a sluiceway

section with nine sluiceways and a

log chute headblock. A further section

of bulkhead wall ends in a wing wall

and short core wall for connection
with the earth fill dam which extends

to the right bank.

Ali concrete sections of the dam and
headworks were designed to elevation

1041 to allow 5 ft. of freeboard above
tlie regulated high water levei. The
earth section was designed with a top

elevation of 1044, providing 8 ft. of

freeboard. It was known that the con-

stiiiction of Caribou Falis would begin

in the near future and the access road
to this site would have to cross the

Winnipeg River. Therefore, the deck
of the dam and headworks at White-
dog were designed with sufíicient

width for use as a single lane roadway.
Ali concrete sections of the dam and

headworks were designed for the fol-

lowing load conditions:

1. Horizontal pressure on the up-
stream face due to water in the fore-

bay at elevation 1036;

2. Horizontal pressure due to ice

assumed to be 10,000 Ib. per lin. ft.

on concrete and 5,000 Ib. per hn. ft.

on steel gates, applied at elevation

1035;

3. Uplift on the base of the dam
over two-thirds of the area assumed
to be full head at the upsti^eam face

and decreasing uniformly to zero or

to taib-ace pressure, if any, at the toe;

4. The unit weight of concrete was
taken at 145 Ib. per cu. ft.

The controlling requirements for the

top width of the bulkhead section was
its future use as a roadway and the

top width was made 16 ft. The bulk-

head section was laid out to be poured
in sections 30 ft. long. The highest

pour was about 30 ft. Drains were
provided near the upstream face at

rock levei and at horizontal and ver-

tical construction joints, with plastic

waterstops across the construction

joints upstream from the drains.

The sluiceway section comprises

9 sluices controlled by steel gates.

The clear opening of each sluice is

18 ft. in width and the sill is 25 ft.

below regulated water levei. The total

discharge capacity of the sluices is

approximately 74,000 cu. ft. per

second. This was based on the present

capacity of 50,000 cu. ft. per sec.

at the control works at Kenora plus

possible additions. Two of the sluice

gates are screw operated from an over-

head bridge. These two gates have a

discharge capacity approximately

equal to the plant flow and they can

be remote controlled either from the

powerhouse or from the Kenora con-

trol room. The remaining seven gates

are operated by the headworks travel-

ling gantry crane. Five of the crane-

operated gates are designed for dog-

ging in the fully open position. The

remaining two gates located adjacent

to the screw-operated gates are de-

signed to be dogged at 6 ft. open and
12 ft. open, in addition to the fully

open position. As there is no log

driving on this reach of the river at

the present, a log chute headblock

only was installed and the opening

was closed by a removable concrete

slab.

The headworks forms part of the

dam and is in line with it. The con-

crete setting and headworks for each

unit was designed as a separate struc-

ture. An expansion joint extends from

forebay to tailrace bet\veen each imit

and between the units and the bulk-

head walls. No reinforcing or ties were

allowed to cross these joints. There

are three openings in the headworks

for each unit. Each opening is 15 ft.

wide and is provided with racks and
a headgate. Between the racks and
the headgate tliere is a check for

service gates. Each of the nine head-

gates has indi\ddual hoists. The hp
of the intake at the upstream face is

at elevation 1024 and the sill is at

984. This gives a suburgence of 12

ft. and a velocity considering the

gross area at the racks of 2.9 ft. per

sec. at rated load. The water passage

continues at 15 ft. wide past the head-

gate. The headgate sill is at 977 and

the Hntel of the opening is at 1001,

the velocity at this point under rated

load being 4.8 ft. per sec.

Drains and plastic waterstops were

required at aU construction joints in

the headwwks, subject to water pres-

sure. The headworks is connected to

the powerhouse by a short transition

section and is dependent upon the

powerhouse to meet the stabilit\- re-

quirements pre\'ioush' noted.

The design requirements for Cari-

bou Falis Generating Statíon were the

same as those at Whitedog Falis

except that the head was 58 ft. rather

than 50 ft. and the deck of the dam
and headw^orks were not designed for

use as a road. The area at tlie racks

is the same and the velocity of tlie

water is 3.47 ft. per sec. The head-

gate opening is 27 ft. high and the

velocity is 5.14 ft. per second at

rated load. The la>out was \er>-

similar and the structures had the

same relative location, except that an

earth fill dam was required on the

left bank at Caribou Falis. No core

wall or wing wall was used and the

earth fill was allowed to WTap around

the end of the bulkhead section.

The draft tubes are of the elbow

type and are skewed 3^ 46' 41" to

the left of the upstream and dowm-

stream centre line. Each unit has tw o

openings with a 6-ft. wide centre pier.

Fig. 8. Whitedog Falis

powerhouse construc-

tion.

78 THE ENGINEERING JOURNAL—OCTOBER, 1959



Fig. 9. Whitedog Falis generating station.

The exit velocity is about 6.3 ft. per
sec. under full load. The bottom of

the draft tube is 48 ft. below the

centre line of the distributor and it

extends 62 ft. downstream from the

centre line of the unit. The sill of the

draft tube outlet is at elevation 939.0
and the lintel is at 957.0 on the centre

line. The face of the lintel above the
opening was marked on the drawings
to be poured to exact dimensions so

that the tailrace service gates could
be sealed against this surface. SufR-

cíent gates were provided to close

ali draft tubes from sill to lintel. The
gates were to be placed before the

tailrace was flooded and sealed at the

lintel in the dry. This allowed the

tailrace to be flooded before the units

were complete. When it is necessary

to unwater a draft tube for main-
tenance there are suíficient gates to

close one unit from sill to above high
tailwater levei, and it will not be
necessary to make a seal at the lintel

although this has been done on
occasion. The draft tube liner and
throat ring are 17 ft. in diameter and
extend about 10 ft. below the lower
ring.

The concrete scroll case has a maxi-
mum internai diameter of 55 ft. and
the units are spaced at 65-ft. centres.

There is no lower stay ring on the

turbine and the lower ends of the
stay vanes rest on steel pads set in

concrete. The scroll case floor was
poured in three sections, two flat sec-

tions covering the full area, the cone
around the unit being the third section.

Cutouts were left for the embedded
parts and these were grouted in later.

The walls and roof were poured
separately, the roof originally being
designed to be poured in seven sec-

tions, but this was later changed to

a single pour. Ali construction joints

in the scroll case subject to water
pressure were provided with drains

and plastic waterstops.

The generators are umbrella type
and the generator pedestais rest on the

scroll case roof. Walls extending up-
ward from the pedestal to the oper-
ating floor enclose the generator area.

The only part of the generator above
the operating floor levei is the exciter

and the permanent magnet generator
for the govemor.

The powerhouse superstructure is

a rigid frame steel building, about 58
ft. wide and 260 ft. long including the

erection bay. The building is covered
with aluminum siding. The transform-
ers are located on the downstream side

of the powerhouse on the tailrace deck
at operating floor levei. Each trans-

former is surrounded on three sides

with concrete flash walls, the upstream

wall forming part of the powerhouse
wall and acting as a stiffener in the

longitudinal direction. A lower steel

frame structure to the right of the

transformers and attached to the main
building houses the metalclad switch

gear.

The area between the generator

room and the headworks opposite the

erection bay and No. 1 unit contains

the control room, meter room and
temporary living quarters for operating

and maintenance personnel. A pent-

house on the roof of this area con-

tains ventilation and aii-conditioning

equipment for the rooms below.

Electrical Equipment

Umbrella-type machines were pur-

chased for both but the design of the

supporting brackets was different, as

was the location of the cooling coils,

which results in different generator

pedestais. This is the major difference

between the substructures of the two
powerhouses. The Whitedog gener-

ators are each rated at 24,000 kva.,

13.8 kv., 3 phase, 60 cycle, 105.9

r.p.m., 90% power factor. The Caribou

Falis generators are each rated at

28,500 kva., 13.8 kv., 3 phase, 60
cycle, 112.5 r.p.m., 907o power factor.

Class B insulation was used by both

manufacturers and the generators

were designed to deliver their rated

output without the temperature ex-

ceeding 60°C above ambient. The
units are capable of operating at an
overload of 15% in excess of their

rated load without the temperature
exceeding 80 °C above the ambient.

The ambient was assumed to be 40°C.
The generators ai-e cooled by a closed

air system with air to water heat

exchangers. Provision is made to bleed
oft ventilating air for powerhouse
heating. The dampers for controUing

the powerhouse heating air close auto-

matically if the carbon dioxide fire

protection system on the units is

tripped. At Whitedog the generator air

system is separated from the turbine

pit by a steel plate membrane between

the bracket openings. At Caribou Falis

the generator pit is open to the turbine

area. Each machine is provided with

three current transformers on the

neutral end of each phase located in

the air housing. A primary balanced

type current transformer for split

phase protection is provided on the

line side of each phase. Automatic

high speed continuously acting volt-

age regulators of the static type are

provided at each plant with motor-

operated voltage adjusting rheostats.

The low voltage switching located

on the downstream side of each

powerhouse contains three breakers

for the generator circuits and two for

station service rated at 14.4 kv., 1,500

amperes, 1,000,000 kva. The circuit

breakers are metal-enclosed air blast

type. At Caribou Falis provision is

made to add a breaker for the future

supply of local power.

The step-up transfonner banks at

both stations consist of three single-

phase oil-immersed forced air cooled

transfonners. The transfonners at

Whitedog Falis are rated at 25,000

kva., 13.5-138 kv. At Caribou Falis

the rating is 27,500 kva., 13.5-138 kv.

A spare transformer is provided at

each station. The high voltage side of

each bank is wye connected and the

low voltage side is delta connected.

Two station service transformers rated

at 1,200 kva. are provided at each

station. The high-voltage s\^•itching

for both stations is located at White-

dog Falis. At Caribou Falis provision

is made for transfonners for future

power requirements in the area. These

transformers will be located outside

the east wall of the powerhouse at

the toe of the dam. The generators

and switching can be operated from
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tlu> control looiíi in CAvh station or
troin a fontial contiol room in the
Kt-iiDia Transformei- Station. The
sluice gates are operated from the
deck of the dam or Kenora Trans-
former Statioií. Tlie headgates may
be lowered b>' remote control but
must be raised from the headworks
hoist liouse. Contacts are provided so

that tull remote eontrol of the head-
gates ma\- be iiistalled in the fntnre

if it is required.

Supervisory control equipment,
operating via a power hne carrier

link, is ntilized for remote operation
of the plants. At present 41 operations

at W liitedog Falis Generating Station

and 25 operations at Caribou Falis

Generating Station can be controlled
from Kenora Switching Station. Super-
vision of equipment at the controlled

stations is maintained by light indi-

cation on each control feature and
appro.ximately 90 alarm indications at

each plant. Generator watts and vars

are telemetered continuously, while
24 quantities are telemetered on an
"as called for" basis.

Auxiliary Equipment

The headworks and seven sluice

gates are serviced by a gantry crane
having a capacity of 40 tons on the
main hoist and 5 tons on the auxiliary

hoist. This crane will be used to place
service gates and to remove the trash

racks as well as raising the first seven
sluice gates. For maintenance of the

headgates, the sectional headgate
hoist houses will be removed, the

hoísts lifted off their base, and the

gates taken from the checks by the

gantry crane. The powerhouse is

serviced by a 200-ton overhead crane
having a 25-ton auxiliary hoist.

The generators are protected by
both water rings and a carbon dioxide

fire protection system. Carbon dioxide

fire protection is used for the oil

filter room as well as the generators.

The system is operated in the genera-

tors by thermocouples and by split

phase relays. In the oil filter room
temperature rate-of-rise devices are

used to actuate the system. Water for

fire protection is supplied by an elec-

trically driven íire pump with a gaso-

line-driven pump as a back-up. Fire

stands are provided through the

powerhouse and the main trans-

formers and station service trans-

formers are protected by automatic

deluge systems controlled by tem-

perature rate-ofsiúse devices.

The governor aír supply is from
two double-stage air compressors, hav-

ing a capacity of 38 c.f.m., delivered

at 325 p.s.i. The station service air

is supplied at 100 p.s.i. by two single-

stage compressors, having a capacit\'

of 100 c.f.m. The water depression

system used when the generators are

to be operating as condensers is sup-

plied with air from two double-acting

single-stage compressors, having a

capacity of 244 c.f.m. each. A water

depression system was not provided at

Caribou Falis, although the embedded
piping was installed and pipe con-

nections are available on the turbines

if required in the future. Air is

stored for this system at 100 p.s.i.

in five tanks, having a capacity of 600
cu. ft. each. Embedded piping for

an air bubbler system to prevent the

forming of ice at the upstream face

of the structures was installed, but the

bubbler system was omitted pending

tests on those already installed at

other stations. Air for this system

would be drawn from the station

service air supply.

For unwatering the draft tubes,

one deep well pump of 5,000 gal. per
min. capacity under 85-ft. head was
supplied. Leakage to the sump from
the drainage system of the powerhouse
is taken care of by two 500-gal. deep
\\'ell pumps.

The tailrace deck is serviced b\' a

25-ton gantry crane for placing and
removing tailrace gates. Operating on
the same rails is a motor-operated

transformer transfer truck, having rails

on its deck to receive the wheels of

the transformers as they are moved
from the pockets. The transfer truck

then moves the transformers to rails

leading to the erection bay. The trans-

fer truck is motorized for movement
along the rails and to operate a haul-

ing winch of the 9,000-lb. capacit\- to

move the transformers out of their

pockets.

Unwatering for Consttuction

The Winnipeg River at the \\'hite-

dog site had two channels, but the

north channel was small compared to

the south or main channel and the

invert was high. Therefore, while the

north channel took an increased share

of the flow during construction, it

was necessary to provúde a by-pass

for the water in the main channel

where the powerhouse and dam were
to be erected. A by-pass channel \\ as

cut in the rock on the north bank of

this channel and four sluices with

piers and floors were constructed be-

fore the rock plug at this upstream

end was breached. The piers had
checks for closure gates and were
spaced so that the senuce gates for

the permanent sluices could be used

to make the final closure. A\'hen this

structure \\as complete, the timber

crib cofferdam around the po^\"erhouse

area was tied into the end pier. The
diversion sluice piers were continued

up to deck elevation of the dam. After

the final closure, rollways were poured
between these piers and they became
part of the permanent sluicewa\- see-

tion. The four diversion sluices could

discharge 4,000 c.f.s. each at elevation

1011.0. A deep section in the ri\t -.

bed downstream from the powerhou-o
proN ided a good tailrace channel buí

required a coíferdam of 60 ft. maxi-

mum height.

The English Ri\er at the Caribou

site had a rather wide, flat bed, with

rock forming the right bank. The un-

watering scheme adopted was to push

the ri\er towards the right bank with

the first stagc cofferdam. The coffer-

dam enclosed the powerhouse area

and the area for six closure sluices

Fíg. 11. Whitedog Falis control room.
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Fig. 10. Caribou Falis generating station.

similar to the four at Whitedog Falis.

The cofferdam was arranged so that

the powerhouse area would lemain
dry when the flow was through the

diversion sluices and the area for the

remaining sluices and the right bulk-

head wall was unwatered by the sec-

ond stage cofferdam. The discharge

capacity at headwater elevation 1010
was 30,000 c.f.s. for stage one and
40,000 c.f.s. for stage two. Provision

was made for extending the stage one
cofferdam to elevation 1012.5 so that

40,000 c.f.s. could be discharged dur-

ing this stage. The maximum height of

the cofferdam was approximately 32
ft. This was on the upstream side.

Construction

Approval for construction of White-
dog Falis was received in August
1955. By early September, the road
as located from aerial photographs
was being traced on the ground and
contract slashers were clearing the

right-of-way. A base camp and siding

was located at Pistol Lake on the

Canadian National Railway 2.5 miles

west of Minaki and connected to

Minaki by a single lane road. Con-
struction of the two^lane access road
was pushed from a base camp and
from two intermédiate camps that

could be supplied by water transport

from Pistol Lake. Some supplies were
moved in to the power site by barge,

a start on the permanent camp was
made, and footings were prepared for

a Bailey bridge across the Winnipeg
River upstream from the powerhouse
dam to give access for the construction

of the diversion channel.

Autumn rains followed by early

fresze-up and heavy snow delayed

progress on the road, and it was found
necessary to push through a pilot road

to bring in material for camp con-

struction. The pilot road could not

carry heavy equipment for bridging

but early in January 1956 a cofferdam

crew was established on the west side

of the Winnipeg River in a rehabili-

tated survey camp, and supplied

by barges as the swift water remained
open ali winter.

Throughout the winter, work con-

tinued on the road and heavy equip-

ment was moved to the site over the

unfinished road while it was frozen.

The construction of the cofferdam

continued using B.C. fir and local

timber, and by March the Bailey

bridge across the river was complete,

so that rock from a quarry area on the

left bank could be supplied to the

cofferdams. By the end of March,
drilling and excavation of the diver-

sion channel was under way. Spring

break-up caused considerable damage
to the road and loads had to be
reduced or carried during the night

when the ground was frozen. In May
a portable aggregate plant was at the

site and screening and crushing of

aggregates commenced; aggregate was
stocki^iled over 6-ft. diameter corru-

gated iron ciilverts, which were used

for reclaiming tunnels. The natural

gravei co)itained insufficient large

sizes, and rock from the approach
road excavation was crushed in a jaw
crusher to make up the defíciencv' of

coarse aggregate. A total of about

87,000 cu. yd. of material was stock-

piled near the mixing site. An auto-

matic mixing and batching plant was
erected together with the conveyor

beks to deliver the aggregate from
the stockpiles to the storage bins.

Bulk cement was received by rail at

Pistol Lake and hauled by truck to

a silo at the mixer. Concrete from the

mixing plant was hauled to the power
site by truck and placed in the forms

direct, where possible. For inaccess-

ible forms, concrete was pumped or

carried by conveyor belts. Elephant

trunks were used for distribution in

the forms.

By the end of July 1956, the south

bulkhead section had been poured,

the diversion channel excavated, and
tlie control piers in the channel poured.

The upstream diversion plug was
blovvn in August and by September
Ist the water was flowing in the by-

pass. Due to the rock configuration

at the bottom of the stream and to

the depth of the river, completion

of the main cofferdam and unwater-

ing of the powerhouse site was slow.

High flows in the river made the

placement of toe fill difRcult. and
faults in the rock under the upstream
cofferdam required grouting. B\ the

time the cofferdam was made tight the

water inside the enclosure had frozen,

and it had to be removed as excava-

tion rather than by pumps. Thus it

was late 1956 before rock excavation

could begin in the po\\erhouse area.

During the summer the work had
continued on the bulkhead section

and the camp had been completed
to house about 800 men. Most of

the buildings were prefabricated steel

of various types and brands. The
camp contained cafeteria, recreation

hall and bowling alley, storage build-

ings, post ofíice, grocery store, and
houses for sénior personnel. Júnior
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lior.sonnol weie lioiised iii trailers.

Married workmen were rented ma-
terial to build their o\mt houses ac-

coiding to plans pro\'idcd. Serviced
lots wtMo pro\ ided on a rental basis

for the Iiouses and for those who
w ished to bring trailers. Ali buildings

werc serviced witli electric power,
sewage and water. Commission bnild-

ings and boiíscs were supplied with
heat froni oil biuning boilers, each
boiler ser\ ing tw o or more buildings,

depending on the size of the building
and the heating unit.

Pouring of the bulkhead vvalls and
sluiceway section continued during
the fali and winter of 1956 and 1957.
The first concrete in the base of the

powerhouse for No. 2 draft tube was
placed in March 1957. Bailey bridges
were constructed across the power-
house area and over the headworks
area for the supply of materiais and
concrete. Intermediate footings for

the powerhouse bridge were moved
back and forth as the different pours
were made, to avoid embedment of

the footings of the permanent struc-

ture. This bridge in the powerhouse
area was used to place the embedded
parts for the turbines and was left in

place until the main powerhouse crane

was in service in September 1957.

During June and early July of 1957
the watershed of the Lake of the

Woods received exceptionally heavy
rainfall, and as the lake was nearly

full from spring run-off it was neces-

sary to discharge about 35,000 c.f.s.

at Kenora. Considerable concern was
felt for the coíferdams and the up-

stream cofferdam was raised. The
flood was i^assed without serious dam-
age, although several rather serious

leaks developed.

Work progressed on a double shift

basis throughout the summer and fali

of 1957 in order to make up for the

time lost in road building and un-

watering. To further this end, con-

sideration was given to pouring the

scroll case roofs in one pour instead

of in seven as is normal practice for

units of this large size. Due to the

density of the reinforcing and its

complex pattern, considerable time

would have been required to form

the bulkheads for the sections and
there would be a waiting period

between pours in order to obtain the

results desired from the multi-pour

method. It was decided to pour No. 1

roof in one pour as an experiment,

subject to the following conditions:

Fly ash was to be used in the concrete

to reduce the heat of the hydration

and the shrinkage and to extend the

initial set period; no cold joints were

allowed and the difíerential pressure

on the embedded parts of the turbine

was limited to not more than that

caused by 8 in. of fresh concrete;

since the mixing plant contained only

one two-yard mixer it was required

that either an additional mixer be
added or that the Caribou Falis plant

be used as a standby, with the ready-

mix trucks available to haul the con-

crete 17 miles to Whitedog. This pro-

cedure proved successful with only

minor cracking of the concrete, and
the method was adopted for the scroll

case roof throughout the job. The
area of the scroll case roof was ap-

proximately 65 ft. by 60 ft. with a

20-ft. diameter opening in the centre

for the turbine pit. A total of about

875 cu. yd. of concrete was required

for each roof.

By the time the weather became
cold in the fali of 1957, the erection

bay and No. 1 unit area were ad-

vanced far enough to be covered by
a permanent superstructure, and the

powerhouse crane was erected in this

area. It was necessary to protect local

áreas of units 2 and 3 by tarpaulin

covers and heat them with steam as

the pours were made. Moving parts

of the turbine and ali generator parts

were placed, using the powerhouse

crane. Generator erection commenced
in November 1957.

The final clean-up of the ílooded

area continued throughout the fali of

1957 when weather conditions per-

mitted burning of brush. Work on the

upstream channel improvements that

had been interrupted by the high

ílovvs during the summer was com-
pleted shortly after Christmas. Fast

water and cold weather combined to

make this operation very difRcult in

winter time.

In October 1957 the river flow was
about 13,000 c.f.s. and as the up-

stream cofferdam had been con-

structed to a height which would
pass 35,000 c.f.s. through the four

diversion sluices, the gates in one di-

version sluice were placed and the

rollway was poured for the permanent
sluice. The volume required to fill

the beadpond was only about 13,000

acre-ft., but this had to be accumu-

lated gradually so as not to withhold

water from downstream plants. After

the cofferdams were removed in late

November, the Lake of the Woods
Control Board were requested to

slightly increase the discharge from

the Lake of the Woods above that

required by the Manitoba Plants. The
remaining three diversion sluices were

then closed one at a time, the gates

being placed in each sluice as the

water rose, so as to maintain a con-

stant flow. As each sluice was closed.

the permanent rollway was poured
and the sills and gates installed. After

the headpond levei was above eleva-

tion 1011 (the sill elevation of the

sluices) the discharge was controlled

by the completed sluices. By Febru-
ary 11, 1958, the headpond was
within operating range and No. 1

unit was ready for service. No. 2 unit

was placed in ser\dce on March 25th
and No. 3 on June 6th. Work on the

finish floor, clean-up and painting

continued during the summer of 1958.

Construction of Caribou Falis was
approved in June 1956. Power re-

quirements and river flows combined
to force a very tight schedule. An im-

mediate start was made on an access

road that was an extension of the

Whitedog access road. The extension

commenced at the Bailey bridge cross-

ing the Winnipeg River just above
the Whitedog Falis. The road specifi-

cations were changed in order to

speed up the work. Instead of grub-

bing and removing forest litter, the

trees were close cut and excavation

from the ditches was placed on the

surface to form the sub-base. This

was supplemented where necessar\"

by fill from local borrow pits along

the road without respect to tA"pe of

material. The finished sub-grade was
to be topped with 18 in. of granular

material. Work on the road was car-

ried on from the \\'hitedog Falis camp
and from the Caribou end of the

road, with an intermediate camp that

could be supplied by barge. Tetu
Lake, being the tailwater of both

plants, provided an excellent water

route from Whitedog Falis to Caribou

Falis, and full use of this was made
in the transportation of equipment

and supplies until the road was pass-

able. A temporar\' camp that had
been in use for preliminaiy investiga-

tion was extended for use by road-

building, coffeixiam and camp-build-

ing crews. By New Year 1957, the

permanent camp at Caribou was
ready for occupanc>', and tlie sub-

grade of the road was complete with

sections where the granular surfacing

material had been placed. The cla\

sub-grade of the road had frozen hard

and this \\as covered hy a tliin la>er

of granular material on the uncom-
pleted sections. In this condition the

road was used throughout the winter,

and sufficient heaxy equipment and

supplies were brought in to co\er the

period in the spring when it was
known the road \\ould break up.

During and after brcak-up, additional

granular material was added where

required and the road conipacted. As
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the road proved serviceable in this

condition the full 18 in. of granular

material was not placed.

A mixing and batching plant con-

taining two 2-yd. mixers was erected

during the winter and sufficient

coarse aggregate hauled from White-

dog Falis to supply the plant until

aggregate crushed from the power-

house excavation would be available.

A large pit containing fine aggregate

was located near the site. One section

of this pit contained 20,000 yd. that

would meet the concrete specifications

for fine aggregate without screening.

This material was placed in stock-

piles for reclaiming, similar to that

at Whitedog. The mixing plant was
located so that concrete could be sup-

plied direct to the forms by pumping
or by truck. The sand was found to

contain a natural air entraining agent

which, combined with the additive

used, entrained so much air that the

pump would not work and had to be
abandoned.

Cofferdamming progressed well

during the winter in spite of extremely

cold weather. The first-stage coffer-

dam consisted of a square enclosing

the powerhouse area and an adjoin-

ing rectangle extending into the river

with the upstream edge of the two
in line. Construction of the upstream
and downstream cofferdams was car-

ried on simultaneously. As the up-
stream cofiFerdam was extended it was
followed downstream by a causeway
to the junction of the side of the

square and the downstream side of

the rectangle. When this point was
reached, a comer crib was placed
and two more working faces were
available. It soon became evident that

the rectangular section was crossed
in an upstream and downstream di-

rection by a ridge of rock which al-

most separated it from the power-
house area. A temporary earth dyke
was built on this ridge, allowing the

powerhouse area to be pumped out
and excavation to start well ahead of

the completion of the first-stage cof-

ferdam.

During the early spring of 1957,
concrete was poured in the east bulk-
head section and a Bailey bridge from
the outstream end of the cofferdam
to the west shore of the river per-

mitted pouring to begin on the west
bulkhead by the end of May. The first

base slabs for the draft tubes were
poured in August. By September the
diversion sluices were ready for use
and it was certain that final closure

would be made during the spring of

1958 to catch the freshet. As water
leveis were low on the watershed
and no fali freshet was expected to

occur, the permanent rollways were
poured in two of the six diversion

sluices before flooding the diversion

area. The four diversion sluices left

open were in use by the end of Sep-

tember. Construction procedures were
similar to those at Whitedog, except

that a Bailey bridge was used in the

powerhouse area only and none at

the headworks. Steel columns were
used as intermediate supports and
these were imbedded in the final

structure. The headworks were poured
from the deck of the bulkhead section

and from the deck of the adjoining

headworks stmcture.

One of the major items in the con-

struction of Caribou was the clear-

ing of 18,800 acres of land to be
flooded in the headpond, and the sal-

vaging of approximately 27,000 cords

of pulpwood from this clearing. The
headpond extended some 30 miles

along the river and intervening lakes,

and had a shoreline of about 500
miles. Mosaics of the flooded area

were made from aerial photographs
and the flooded contour of 1044 was
marked on these by photogrammetric
means. The area to he flooded was
divided on the mosaic into approxi-

mately 30-acre blocks. The clearing

of each blook was contracted to a

group of three or four men, at a price

per acre with an extra allowance per
cord of pulpwood piled, when indi-

cated. At one time neariy 400 men
were under contract on this work.
Areas cleared were measured for pro-
gress payments and final payment
from aerial photographs taken at two-
week intervals. The contractors were
instructed to leave a few trees stand-
ing on the edge of their blocks to
indicate the boundaries. These trees

were easily identified on the aerial

photographs and the áreas for pay-
ment were measured by planimeter.

Water levei gauges were set on
difi^erent reachs of the stream hy engi-

neer's levei and water transfer. Bench
marks set on the flooded contour at

convenient intei-vals by running levei

lines from the water's edge to the con-

tour by engineer's levei. The contour
between bench marks was then run
by hand levei and marked by blazing

the trees.

An operation extending over such a
wide area presented a difficult prob-
lem in supply and supervision. During
the open season supervisors used
boats to visit the contractors and car-

ried provisions ordered previously.

When the river and lakes were frozen,

light tractors and sno\\anobiles were
used. Depots were established at con-

veniently located points around the

headpond and stocked with the sup-

plies for use during the break-up and

freeze-up. Since nearly ali the con-

tractors used power saws, large stocks

of gasoline and spare parts of the

various makes of saws were necessary.

For travelling during break-up a light

punt driven by an airplane motor and

propeller was found convenient. This

machine could travei on either ice or

water. The continuous engine main-

tenance required made these vehicles

unreliable. During the break-up of

1957 a helicopter was retained for

emergency use, and during times of

high fire hazard daily airplane patrol

was maintained.

By the autumn of 1957 cutting was

complete, but the salvage of pulp-

wood presented a difíicult problem.

The áreas where pulpwood was to

be salvaged were small and were scat-

tered over the whole flooded area,

some very remote from the then exist-

ing river system. Some wood was re-

moved by truck over the ice early in

1957 and some easily accessible wood
was skidded to the water during the

summer and towed to Caribou Falis,

where it was trucked to rail at Pistol

Lake. During the winter of 1957 and

1958 large amounts of pulpwood were

hauled by truck to the lakes and

placed in booms on the ice. In some

inaccessible áreas the 2-cord piles of

pulpwood were banded with high-

strength steel wire and allowed to

float up when the water was raised.

This procedure was only partially

successful as the bundles had to be

separated from other floating trash

and collected into booms. In one area,

which formed a nearly closed bay

when the water rose, the muskeg at

the mouth of the bay, complete with

stumps, floated up and blocked the

entrance to the bay.

Earth Fill Dams

The overall construction schedule

required that ali the earth fill dams
be complete by the spring of 1958.

This meant that the dams would ali

have to be constructed during the

summer of 1957. The season during

which earth fill dams niay be con-

structed in this area is short, as the

ground remains wet until late in the

spring and heavy rains and frost ma\"

be expected in September. As some of

the block dam sites had perched

water tables, ditches were cut to drain

two of these in the fali of 1956. Due
to the topography and vegetable mat-

ter in the top soil, the drainage e\ en

with the ditches \\as \'er\- poor.

Sufficient earth-moving equipment
to work at two sites at once was sup-

plied well in advance, so that work
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foulcl cominence as soon as the sites

woiv woikahlc. Tests run oii samples
of tho tlax- sliowed tliat whilc it woiild
luake good core material, it was sub-
ject to expansion on wetting, and
hea\ \- rock cover would be necessary
to mereoine the expansive effect.

Roek was available at ali sites and
snfReient rock for loading and for rip-

rap was drilled and blasted early in

the season before it was possible to

work on the cla>' sections.

Completion of the earth wing dam
on tlie right bank at Whitedog Falis

would facilitate delivery of material

to the dam and powerhouse, as when
it was complete, trucks could make
a circuit over the dam without having
to back ofí. The site was stripped to

bedrock in early June and a bad fis-

sure was found in the rock. The fissure

was excavated down to sound rock
and backíilled with concrete. The clay

borrow pit was in a well drained
position, but it was nearly the end of

June before the vvater content was
low enough to meet the specifications

for good compaction. The clay core
around the end of the concrete bulk-
head and wing wall was compacted
b\- hand rammers and the main sec-

tion by smooth rollers and tractors.

After the clay core was complete, the
granular material and riprap were
placed as convenient.

In July the sites of the west block
dams and Goshawk dam for Caribou
were stripped of vegetable matter
and drained. These sites were al-

lowed to dry, and work proceeded on
the east block dam at Caribou and
the west block dam at Whitedog. The
Goshawk lake dam and No. 2 west
block dam for Caribou Falis were the

largest earth structures and required
careful work. A soils testing labora-
tory had been set up in the field to

control the borrow material and to

check on the compaction of the ma-
terial in place, as continued testing

was necessary. Difficulty was en-

countered in draining the foundation
and in maintaining proper moisture
content of the fill. The natural water
content of the material in the borrow
pits was from 25 to 30%, varying with
depth. The plastic limit was about
32% and the plasticity index about 47.

Rains during the night would prevent
work from commencing nntil late in

the morning and during the day dry-
ing winds would make the addition
of water necessary by 2:00 p.m., even
though the material had been too wet
in the morning. Although the clay

beds were extensive, being part of the
bed of prehistoric Lake Agassiz, the

characteristics of the material varied

greatly with depth and in difíerent

sections of the borrow pits. By Sep-

tember 6th, the clay cores of five dams
were complete and the east wing wall

at Caribou with its adjacent clay blan-

ket was well under way. This blanket

was necessary to seal the dam to the

rock along the original river bank,

wliere sand was exposed between the

rock and the natural clay. This blan-

ket also covered any punctures in the

clay blanket made by construction

activities. The placement of granular

material continued throughout the fali

and was complete in late November.
Despite the fact that the dams had
been designed to use local material,

large enough deposits having proper

grading in the natural state for filter

material could not be located and it

was necessary to crush and screen

blending gravei for the filters and top-

ping.

The block dam in the north chan-

nel of the Winnipeg River was left

as long as possible to reduce the flow

past the Whitedog jDOwerhouse site.

This structure was founded on ex-

posed bedrock in the north channel

of the river and was designed for

winter construction without unwater-

ing the site. Rock from a bluff on the

bank was blasted into the stream and
bulldozed to form a barrier of proper
dimensions across the channel.

Graded materiais were then dumped
on the upstream side to form a filter

and an impervious blanket. Silty

gravei and sand were used instead of

clay, as these handled better in the

cold weather. The impervious layer

was then covered with riprap. The
operation was successfully completed
and there is very little leakage from
this structure. It is believed that this

small amount of leakage comes
through fissures in the adjacent rock.

By March 1958, the dams and
headworks for the Caribou Falis Gen-
erating Station were sufficiently com-
plete to allow the headpond to be
raised and final closure made. This
opei-ation required special study, as

approximately 1,500,000 acre-ft. of

water were required to fill the head-
pond.

In the summer of 1957 a canal and
control works were constructed to

divert water from Lake St. Joseph on
the Albany River watershed to Lac
Seul. During the winter of 1957 and
1958, as water was withdrawn from
Lac Seul for power purposes on the

English and Winnipeg rivers, water
was diverted from the Albany River

and stored in Lac Seul. By March of

1957, when the Caribou headpond
was ready for filling, approximately

700,000 acre-ft. of water were avail-

able in Lac Seul for the filling opera-

tion. About two weeks before the

closure commenced at Caribou Falis,

the Ear Falis dam was opened to dis-

charge this water at a rate of about

6,000 c.f.s. Two weeks was the time

estimated for the water to traverse

approximately 125 miles of river

from Lac Seul to Caribou Falis. Clos-

ure was made in a manner similar to

that at Whitedog, the same gates

being used and the headpond being

raised at such a rate that only water

equivalent to that from the diversion

was stored. As the spring progressed

and the freshet started, close co-

operation was maintained with the

Manitoba plants dowiistream, so that

any flow in the English River which

when combined with that from the

Winnipeg River would be in excess

of their requirements would be stored

in the Caribou headpond. While the

spring freshet of 1958 w-as ver\- low

on the English River, a good run-off

was received from the Albany River

diversion and by July 8, 1958, the

headpond at Caribou Falis was
raised to operating levei.

The downstream cofferdam below
the powerhouse had been located by
balancing the extra cost and time of

building cofferdams against the added
cost of excavating rock under water.

The final location was such that about

15 ft. of rock under the cofferdam

and tapering to nothing downstream
had to be excavated. This rock was
drilled fanwise from the dry side of

the cofferdam and blasted before the

cofferdam was breached. A timber

barrier was placed near the cofferdam

to prevent damage to the downstream
side of the pow erhouse and the trans-

formers located some 150 ft. away.

The blast was successful in breaking

the rock and leaving the cofferdam

sufficiently intact so that a dragline

and trucks could work over the top

of it for removal of the cofferdam and
broken rock. The area w ithin the cof-

ferdam gradually filled with water

and no material was washed towards

the powerhouse. The No. 1 unit was
placed in servace on July 27, 1958,

No. 2 on September llth, and No. 3

on October llth. Thus Caribou Falis

Generating Station was completed

and on the line in slightly over two

years, in spite of the fact that it was
located far from the sources of supply

and 17 miles of access road had to be

built to reach the site.

During the summer of 1958 chan-

nel improxements at Boundarx" Falis

were carried ont. This invoKcd the

reniox-al of some 47.000 cu. >d. of

(Continued ou page 95)
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THE FIRST CYCLONE FIRED BOILERS

IN CANADA AND SOME ASPECTS OF

THEIR EARLY OPERATION

E. K. Akin, M.E.I.C., Sénior Mechanical Engineer,

Nova Scotia Light and Power Company Limited

THE cyclone fired boilers, which
have a combined peak load

capacity of 1,000,000 Ib. of steam per

hour, are known as Units Nos. 6 and
7 in the Water Street plant of Nova
Scotia Light and Power Company,
Limited, at Halifax, N.S. These boilers

are unique in that they are the first

of this type to be installed in Canada.
In the range of operating pressure

and temperature, they rank with the

largest at present operating in this

country, and in fact are the largest

boilers in operation in the Maritimes.

No. 6 boiler, the first cyclone fired

unit to be commissioned, went into

commercial operation in October,

1957. Although this boiler did not run

continuously during its early stages of

operation, it did prove invaluable in

bolstering system output and taking

care of system peak conditions, par-

Halifax, Nova Scotia

ticularly as water storages for the

system's hydro plants were in short

supply because of a pralonged spell

of dry weather.

No. 7 boiler was put into operation

in September, 1958, and since the

steam mains for these two boilers are

cross connected, it has been available

as a 100% standby for No. 6 boiler.

The addition of these two cyclone

fíred boilers together with two turbo-

alternator sets increases the plant

capability by 100 mw. and represents

the last phase of construction at the

Water Street site. With the commis-
sioning of No. 7 turbo-altemator, now
scheduled for July or August of this

year, the total plant capability will

be 180 mw. This is supplemented by
approximately 41 mw. of hydro ca-

pacity to make a total for the system

of 221 mw.

Further expansion of the steam gen-

erating facilities of the Company will

necessitate the development of the

new Tufts Cove site, which is located

on the Dartmouth or eastern side of

Halifax Harbour.

History

At this stage it may be in order to

review the development and growth

of the present Water Street Plant.

Fig. 2 shows the general plant ar-

rangement.

Between the years 1944 and 1955,

four tufbo-altemator sets together

with the necessary boiler plant to sup-

ply the steam for their operation, were

installed at the Water Street site.

These units were ali designed for

steam conditions of 600 p.s.i.g., 815°

F. As will be seen from Table I, the

last three of these units were installed

at two year intervals in order to keep

pace with the growing demand for

electrical energy.

Table I

Turbo- Capacitij

Alternator K.W. Commissioned

No. 2 12,500 1944

No. 3 20,000 1951

No. 4 22,000 1953

No. 5 25,000 1955

During this same period approxi-

mately 21,000 kw. of hydro capacity

was added to the s> stem.

Early in 1954, with the s\ stem load

growth still increasing at the rate of

10 to 12% per year, it became ap-

parent that additional steam gener-

ating plant would have to be installed

for operation in the fali of 1957.

Having established that this was
necessary to take care of the growing

s>stem requirements, the next step

was to decide on such things as the
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steaiii piossure and temperatuie to be
selet-ted, the size of unit or units to

W iiistalled. and also tlio location for

this avUIitional plant.

With lefVrence to plant location,

studies weio carried out in order to

determino whether or not the ad-

ditional capacit\- should be added to

the Water Street Plant or if the new
Tufts Cove site shonld be developed
at this stage. The stndies indicated

niany apparent ad\'antages to remain-

ing at the present site, and after due
consideration it was decided to follow

this conrse of action.

Over the years one of the principie

aims of power Utilities has been the

production of electrical energy at the

lowest possible cost. In this respect

\ve need not look backvvard many
years to note the tremendous strides

that have been made in this direction.

Duriiig the early 1920's, the average
thermal plant required approximately

3 Ib. of coal to produce 1 kwh. of elec-

tricity; by the early 1930's this figure

had been halved, or reduced to 1.5

Ib. of coal per kwh. Today a consider-

able number of plants are producing
a kwh. for 1 Ib. of coal or less and
a few of the leading plants on this

continent are producing a kwh. for as

little as /4 Ib. of coal. It has been
through the progressive thinking and
foresight of power utility engineers

and equipment manufacturers that

such impressiva savings have been

made possible.

Today we are just entering the age

of atomic power generation. Relative

operating and capital costs of atomic

plants as compared with similar costs

of conventional plants burning fóssil

fuels, will to a large extent determine

the rate of development and wide-

spread use of this new method of

power generation.

In some countries, the scarcity of

fóssil fuels and theii' relatively high

cost will, of course, accelerate the

rate of development of atomic plants.

However, over the next number of

years many conventional plants de-

signed to bum fóssil fuels will be built

and put into operation; and at the

same time the better grades of coal

required to fuel these i^lants will be-

come scarcer and more expensive as

time goes on. Therefore, larger and
larger quantities of the poorer grades

of coal will of necessity have to be
burned for the generation of power.

The development of the cyclone

furnace was, in part, brought about

by the need for a furnace capable of

burning a vvider variety of poorer

quality coals while maintaining ef-

ficiencies at least as high as other

types of conventional coal burning

units.

The Company has always been in-

terested in the utilization of Nova

Scotia coals and considered cyclone

fired units should prove to be well

suited for burning this class of fuel.

Operating experience to date, al-

though not completely trouble free,

has proved that these units are well

suited to bum Nova Scotia coals.

In selecting cyclone fired boilers for

the final extension to the Water Street

Plant, some of the factors influencing

the choice, and from which it was
hoped to derive some benefits in this

particular application, are listed

below:

1) The cyclone fired boilers would
occupy less space than most other

conventional types having the same
capacity;

2) With few exceptions, the char-

acteristics of Nova Scotia coals are

well suited for cyclone firing;

3) Cyclone ash or slag is easier to

handle and more readily disposed of;

4) Less stack emission and possible

elimination of dust collector equip-

ment;

5) Since the coal is crushed and not

pulverized, a considerable power sav-

ing results from the coarser prepara-

tion;

6) Safety of operation since the

risk of furnace explosions is largely

eliminated when burning coal;

7) Only two cyclone bumers would
be required as compared to 8 or 9

burners for pulverized fuel firing for

Fig. 2, Plan of Power House Arrangement.
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a boiler of the same capacity;

8) Due to the smaller number of

burners, cyclone firing is admirably

suited to remote automatic control;

9) The heavy foundations required

for pulverizers are eHminated as well

as the pulverizers themselves, to-

gether with their driving motors,

blowers and associated switchgear;

10) A considerable reduction in

maintenance costs is expected due to

a reduction in the number of moving
parts and ehmination of the pulver-

izers;

11) Cyclone firing offered possibili-

ties of attaining efficiencies higher

than other types of combustion equip-

ment.

Boilers

A typical section through the boilers

is shown in Fig. 3 from which you
will note that the boilers are sus-

pended directly from the building

steelwork by a series of drum sti"aps

and hanger rods. Suspended in this

manner, the units are free to expand
radially and downward as the tem-
perature increases. The distance from
the centre line of the steam drum to

the ground floor levei measures 103
ft., and the total downward move-
ment due to expansion between cold

and operating temperatura is of the

order of SM in. This movement is

taken care of by means of a water
seal ti'ough which is located between
the neck of the slag tank and the

furnace floor.

The steam generators are identical

with respect to size and capacity,

each having a continuous steaming

rate of 450,000 Ib. of steam per hour
and a two hour peak rating of 500,-

000 Ib. per hour. Specified steam con-

ditions at the superheater outlet are

925 p.s.i.g., and 915°'F. plus or minus
10°; this steam temperature being

maintained for ali loads above the

control point of 225,000 Ib./hr. In

practice, a steam temperature

915°F. is usuíilly maintained for loads

down to about 180,000 Ib. per hr.

For the higher loads above the con-

trol point outlet steam temperature is

controlled by direct injection of boiler

feeder water into a venturi type at-

temporator. This attemporator is

located in a section of 10 in. pipe
connecting the primary and secondary
superheaters.

Each boiler unit consists essentially

of two cyclone furnaces, primary and
secondary furnace, primary and sec-

ondary superheater with an inter-

stage attemporator, economizer, air

heater and chimney. The auxiliary

equipment consists of two forced

draft blowers per unit with inlet con-

Fig. 3. Sectíonal
,

Elevatíon of Boiler. 103-0

trol dampers and outlet isolating

dampers; spark ignited automatic oil

lighters for the cyclones, and high

levei oil lighters and burners for quick

starting or for two shifting operation,

as well as two drag type coal feeders

with variable speed drives for each

unit.

In addition to the above equipment,

each unit is provided with fuU ca-

pacity secondary air port bunker "C"
oil burners and the necessary bunker

"C" oil pumping and heating sets.

Since these two boilers have been

designed for pressure firing no in-

duced draft fans are required. How-
ever, this presents a problem in that

ali door openings and observation

ports required for inspection purposes

must be supplied with cooling and
sealing air and also with an aspirating

aii" supply. Air lock arrangements have
been provided so that before any in-

spection doors can be opened, the

cooling air supply, shut off; and aspir-

ating air tumed on to prevent hot

gases from rushing out.

The cyclone furnaces (2 per boiler)

are located side by side on the lower

front wall of the furnace. They are

made up from an intricate arrange-

ment of bent tubes and headers and
may be described as being fully water

60'-0"-

cooled, horizontal cylinders, 8 ft. in

diameter by about 11 ft. long, into

which fuel is fired. Figs. 4 & 5 il-

lustrate the general arrangement of a

cyclone furnace. The tube surfaces

forming the inside surface of the cy-

clone are studded and covered with

a refractory material as a base for

slag adhesion. Crushed coal falis by
gravity from the discharge end of the

coal feeders and enters the vortex or

outer end of the cyclone burner. High
temperature primary air, represent-

ing approximately 15% of the total air

required for combustion, enters the

side of the burnerscroll at high velo-

city and imparts a \\hirling motion to

the particles of coal, carrxing them
into the larger cylinders of the c)"clone

furnace. Here the whirling or centrí-

fugal action of the coal air mi.xture

is furtlier increased by the secondary

air flow which enters the cyclone tan-

gentially at velocities of some 350 ft.

per sec. The centrifugal force tends to

throw the fuel particles to the cyclone

walls where they are captured in tlie

molten slag layer. The high tempera-
ture, high velocity air sweeps past

the particles of coal embedded in the

molten slag layer inside the c> clone

furnace. In this way there is very

rapid and intimate mixing of air and
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Fig. 4. The Cyclone Furnace. Fig. 5. A Section through the Cyclone Furnace.

the coal gases generated, and suf-

ficient oxygen is very rapidly supplied

to promote high speed burning. Heat
releases at fiill load are of the order

of 500,000 Btu. per cu. ft. per hr.,

and gas temjíei-atures 3000°F. or

higher.

The íilm of molten slag, covering

the vvalls of the cyclone furnace, flows

gradually toward the rear of the fur-

nace, drains through a tap-hole, and
continues downward to the slag pool

on the floor of the primary furnace.

From this point it passes through a

water-cooled slag spout and is dis-

charged to the slag tank filled with
water.

During normal operation combus-
tion is substantially complete in the

cyclone furnace, the products of com-
bustion pass through the vvater-cooled

re-entrant throats and into the pri-

mary furnace. The re-entrant throat

sections made up of studded tubes

—illustrated in Fig. 6—are shipped to

the job as assembled units and forni

a part of the main circulation of the

front vvall of the primary furnace.

Again the primary furnace and screen

tube sections are ali constructed of

studded tubes and coated with a re-

fractory material. The purpose of this

type of refractory covered construc-

tion is to present a surface which will

maintain a molten slag cover and thus

act like fly-paper in capturing and re-

taining any particles of coal or ash

which come in contact with these

molten surfaces. The screen tube sec-

tion which is made up of four layers

of staggered tubes on about 14 in.

centers is likevvise very effective in

capturing any fly ash jDarticles, since

these studded tubes also present a

sticky surface coated with molten
slag.

The ílow of gases from the cyclones

on entering the primary furnace is

deflected downward by the close

spaced tube arrangement in such a

way that the hot gases sweep over the

furnace floor and thus keep the sur-

face of the slag accumulated on the

floor in a molten state. The gases

then flow through the slag screen

which separates the primary and sec-

ondary furnaces. The remaining ash

particles which have escaped from
the cyclone furnaces are nearly ali

trapped in the molten slag layer cov-

ering the primary furnace walls and
the screen tubes.

After passing througli the screen

tubes the gases, in addition to being

cooled by the close spaced furnace

wall tubes, are also further cooled b>-

three division wall platens projecting

into the furnace in such a way as to

divide the secondary furnace into four

chambers. Since these division wall

tubes are completely surrounded by
hot gases their entire surface is util-

ized in heat absorption.

The hot gases rising up through the

secondary furnace pass, at right

angles, over the secondary or outlet

superheater tubes. Thence, horizon-

tally across the top of the furnace;

then downward through the primar)-

superheater tube bank and the econo-

mizer section. Both the primary and
secondary superheater tube banks are

arranged between headers in such a

way as to be completely drainable.

Beyond the economizer, the flow of

gases is downward through a section

of ductwork to the bottom or inlet

end of the air heater. From this point

the flow is upward through the \ erti-

cal tubular air heater which is con-

structed in two sections. The hot sec-

tion contains 3381-2 in. tubes 54 ft.

long, and the cold or outlet end con-

tains 2949-2 in. tubes, 17 ft. long.

The air heater has been divided into

two sections to facilitate maintenance

of the cold end where corrosion prob-

lems are most frequently encountered.

The gases leaving the air heater

have been cooled to about 266'' for

full load rating on the boiler and the

incoming air elevated to 560'~F.

Table II gi\ es some design data and

the expected performance figures for

coal firing.

The expected performance figures

for coal firing have not as \"et been

substantiated by actual tests. How-
ever, x^arious observations appear to

indicate that the efRcienc\' of these

units will be close to the predicted

values. Present plans are to carr\- out

full scale tests shortly after the com-

missioning of No. 7 Turbo-alternator

which is at pi-esent scheduled to go

into operation this Jul\\

Special Featiires

Some of tlie special feat\u-es incor-

porated in the design of these steam

generators merit special attention and
will be discussed briefly in the follow-

ing order:
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(1) Ali welded construction;

(2) Pressure casing;

(3) Water Column TV and otlier

\\ ater levei indications;

(4) High levei oil burners;

(5) Full capacity Bunker "C" Oil

Burners.

Ali Welded Construction

Specifications for most large boiler

and turbine units being installed today
I equire that they shall be suitable for

two shift operation and for quick
tart-up. Since these last two units

t-present a large percentage of the

lotai system capacity it vvas manda-
tnry that they should fali within this

class and at the same time be capable
of two shift operation without sacri-

fícing anything in the way of reli-

ability or availability.

Past experience has emphasized the

tact that repeated cycles of pressure

and temperature íluctuations such as

cncountered with two shift operation

are a prime factor in promoting leaks

in such items as flanged joints, boiler

iiand hole gaskets, and at tube ex-

pansions.

As a preventive step in this direc-

tion the boilers were designed for ali

w elded construction in the field, that

IS to say, the boiler drums and ali

lieaders were supplied with stub tubes

strength welded in position prior to

being stress relieved in the shops.

Figs. 7 and 8 show a steam drum and
various headers with stub tubes pro-

jecting. To erect the units, with this

type of construction, it was only neces-

sary to weld the various components
together, thus tube expanding was
100% eliminated for the boiler pres-

sure parts. As a further safe-guard

from the point of view of reliability

Table II Design Data
Maximum Continuous Ratiiig Lbs./Hr 450,000
Peak Capacity 2 Hour Duiation 500,000
Design lífficiency % 90.06
Design Pressure psi 1,100
Operating Pressure (S.H. Outlet) psi 925
Total Steam Temperature °F 915
Number of Burners 2
Diameter of Cyclone 8 ft.

Coal Xova Scotia
Btu/lb. (as fired) 12,.500

Ash Softening Temp. °F 1,900

Expected Performance

Steam M Lbs./Hi- 100 225
Excess Air % 29 14

Coal M Lbs./Hr 9.1 22.6
Flue Gas Entering Stack °F 200 229
Water Entering Economizar °F 355 355
Air Leaving Air Heater °F 400 461
Caindated Heat Losses % at M Lbs./Hr 100 225
Dry Gas Loss 2.01 2.55
AU Moisture Sources 4.50 4.57
Unburnod Combustible 0.10 0.10

Radiation 1.71 0.76
Unaccounted for 1.50 1.50

Total Heat Loss 9.82 9.48

Efficiency 90.18 90.52

Heating Surfaces

Boiler and Furnace 35,783 sq. ft.

Superheater 18,830 sq. ft.

Air Heater 123,630 sq. ft.

Economizer 7,280 sq. ft.

450
12

42.8
266
415
560
450
3.29
4.67
0.10
0.38
1.50

9.94
90.06

ali hand hole caps were designed to

be seal-welded in place.

As might be expected this feature

of ali welded construction has been
follovved throughout for both the main
steam and feed water piping systems.

High Levei Oil Burners

In addition to being suitable for two
shift operation and quick start-up, a

further requirement laid down in the

specifications was that the boilers

were to be capable of delivering steam

at or close to full design temperature

for hot starting the turbines. On a two
shifting Schedule where a imit is shut

Fig. 6. A view of the furnace front wall showing the re-entrant throats mounted side

by side. Note slag tap opening.

down each night and brought on the

line again the following morning the

actual steam temperature required

initially will depend on the tempera-

ture of the turbine at the time of shut

down, its rate of cooling during the

night and the duration of the shut

down. The average cooling rate for

the high pressure turbine cylinder is

usually about 25° F. per hour. The
desired steam temperature for hot

start-up is generally specified as not

less than the temperature of the tur-

bine casing and preferably up to

150°F. above this temperature.

This requirement has been taken

care of by four high levei oil burners

which together with their lighters are

mounted on the front wall of the

boiler at an elevation about 10 ft.

below the superheater tubes. These

lighters are gang operated b>' remote

manual control from the boiler oper-

ating console. From this location they

can be projected into the furnace or

withdrawn by air operated pistons,

which in turn are controlled with

electricalh- operated solenoid \-alves.

As an operational safe-guard to pre-

veni explosive mixtures of unburned

oil and oil vapours from collecting in

the boiler setting, each lighter is pro-

vided with a ílame failure detector

to warn the operator should a flame

failure occur.

These burners are steam atomized

and have a controlled firing rate

which is adjustable from the boiler

control console. As a further aid to

controlling steam temperature,
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Fig. 7. A view of Steam Drum showing stub tubes projecting.

thcnnocouples are attached to the

outlet encls of the secondary super-

heater tubes. A 24 point quick lead-

ing scanner records the tube metal

temperature on a strip chart and also

sounds an alarm should the temper-

ature rise beyond a predetermined

value.

When the high levei burners are

in service it has been the practice to

install portable thermocouple probes

to measure and record the temper-

ature of the gas entering the super-

heater. At present the chore of in-

serting and withdrawing these probes

requires a boiler operator or an

assistant. However, consideration is

being given to providing retractable

probes that can be inserted or with-

drawn froin the boiler console panei.

Pressure Casing

As previously stated these cyclone

boilers have been designed for pres-

sure firing; thus the forced draft

blovvers must provide ali of the static

pressure requirements for both the air

and gas sides of the units, and ali

parts of the boiler casing are under

pressure up to the stacks. Infiltration

of air into the boiler setting is elimin-

ated vvhich results in a smaller volume
of gas disCharging to the stack with

a corresponding reduction in heat

loss.

Since these units operate under

pressure they must be provided with

a pressure-tight casing to prevent the

escape of hot gases into the boiler

room. This pressure-tight casing is

made up of 10 gauge plate welded
against the furnace and boiler tubes

in such a way as to make a gas tight

barrier. Construction details are such

that ample allowance has been pro-

vided to take care of relative expan-

sion. The exterior hot surfaces of the

boiler are covered with an appropriate

thickness of suitable insulating ma-
terial to reduce heat loss to reasonable

limits.

Water Column TV and other water levei

indications

AU operating personnel recognize

the prime importance of close feed

water control and the necessit>- of

maintaining proper water levei in the

boiler at ali times. Because of the

importance of water levei it is cus-

tomary to have at least t\\o and often

three or more independent water le\ el

indications available to operating

staff. These boilers ha\'e a water

column with gauge glass mounted at

both ends of the steam drum, and

an instrument indicating and record-

ing drum water le\'el at ali times.

High and low alarm contacts ha\e

been incoiporated in this insti-ument

which in case of an abnonnal water

levei condition initiate a flashing light

signal on the enunciator panei and

also sound an alarm.

In addition closed circuit telex ision

has been incorporated to show water

levei on a TV screen mounted on the

boiler instrument panei. To give still

further protection one water column
on each boiler has been equipped w ith

a high and low water levei float

mechanism, \\hich for an abnormal
water levei condition blows a whistie

and closes the contacts on a mercroid

switch. These in tuni initiate a flash-

ing light signal on the enunciator

panei and at the same time sound an

alarm at the control panei. Fi-oni the

point of view of continuit\" of ser\ ice

the TV equipment has not been

trouble free but rather has required

some modifications and a considerable

amount of maintenance. Howe\-er, the

operators do like this T\" featiue and
it is considered a \ er>- desirable piece

of equipment.
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Secondary Air Port Oil Burners

The secondary air port oil burners,

as is implied by their name, are in-

stalled through the front of the

cyclone funiace and located in the

secondary air port iniet as ilkistrated

in Figure 9.

Due to their location they are

cooled by the stream of high velocity

secondary air flowing past them, and

therefore can be left in position at

ali times regardless of whether coal

or oil is being burned. In this location

the oil burner is ready for immediate

use in an emergency and can be put

into operation very quickly.

These burners are rather simple in

construction and are made up from

.1 section of /•* in. Type 310 stainless

Steel pipe or tubing; one end of which
is plugged off and the pipe drilled

along one side with a series of }s in.

holes to direct the bunker "C" oil

into the furnace. No attempt is made
to atomize the oil, since the velocity

of the combustion air and the temper-

ou. «UPPeV

>RIMARV AIR

SLCOUOARV AIP POPT OIL bURULR

StceuoARv
Aid

^VOPTtX OIL
Ol L 3UPPL.V

Fíg. 9. Two Types of Cyclone Furnace Oil Burners.

ature of the cyclone furnace suf-

ficiently accomplish this.

Fuel — Coal and Oil

Bunker "C" oil and Nova Scotia coal

provide alternate souroes of fuel for

this plant. The oil deliveries are nor-

mally made by harbour fueling light-

ers and pumped directly into two oil

storage tanks which have a combined
capacity of 30,000 barreis. Space is

available for an additional oil storage

tank if this is found to be necessary.

The importance of oil as an alter-

nate fuel cannot be too strongly em-
phasized due to the very limited coal

Fig. 10. Chart of Typical Sieve Anaiysis of Crushed Coal.
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stoiaiit' facilities at tlir plaiit site.

Apart troin a sniall coal stoi^age silo

liaving a capacit\ ol oiúy 2,000 tons,

the oiih' storage available is in the

coal huiikors For tho \arioiis boilers.

For tlio most pari tlu> bunkers are

sized to liold aboiít 2 days' supply
w ith the uiiits operating at full capac-

ity. Should the daih eoal dehveries

be interruptixl tor aiu reason there

is no ilifFicuU\ iu eonverting to oil.

Coal whieh uiitil a few years ago
was deli\ t'rcd hy w ater transport, is

now v;leli\ered b\ rail. Due to local

eoiiditions namely, the relatively short

rail haul and the fact that fewer

h.mdlings are reqnired, this method of

deli\ering has been found to be more
economical than water transport.

Ali coal is delivered to the plant

b\' rail in hopper bottom cars and un-

loaded into a track hopper. From
here it is taken to the various bunkers

b\' a series of belt conveyors having

a rated capacity of 200 tons per

hour.

On the way to the bunkers the

coal passes through a rotary hammer
mill t\'pe of crusher where it is re-

duced in size to give a graded
product, 95% of which should pass

through a No. 4, or Ji in. size screen.

The boiler manufacturer has recom-

mended that the coal for optimum
firing conditions for the cyclone units

should conform with Table III.

Fig. 10 shows a typical sieve

analysis of a sample of crushed coal.

Coal Feeders

Fig. 11 shows the general arrange-

ment of the coal feeder equipment

between the bunkers and the cyclone

furnaces (2 per boiler) which consists

essentially of the following:

(1) A motor operated upper coal

valve;

(2) A drag type coal feeder with

variable speed drive, and a

separately driven coal dis-

tributor;

(3) A motor operated lower coal

valve.

Ali of these items of equipment are

electrically driven and are controlled

from the boiler control panei.

To protect the equipment and pre-

vent plugging of the coal feeders it

is essential that they be operated in

a definite sequence. To insure that

the proper sequence is followed the

equipment is electrically interlocked

as follows:

(1) A forced draft fan must be

TABLE III

Screen Xo. % Passing

4
8

14
28
48
100
200

95
85
70
50
30
20
10

(2)

(3)

(4)

operating before a lower coal

valve can be opened;

A lower coal valve must be

open before its conesponding

coal feeder and distributor

motors can be operated.

Closing a lo\\ er coal valve shuts

down the feeder and distributor

motors;

Loss of both forced drafl-

blowers shuts down the feeder

and distributor motors and also

closes the lower coal valves.

In operation the speed of the drag

type coal feeders which are driven

through a magnetic clutch arrange-

ment follo^^•ed by a reduction gear

can be controlled either automatically

or manually from the boiler control

panei. As an aid to the operators in

regulating the coal feeders, speed in-

dicators have been provided to in-

Fig. 11. Coal Feeder arrangement between bunkers and Cyclone Furnace.
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SLAG LLVLLIUO HLADLRS i

HVORAULICALLY OPtRATLD
KmATTS.

WATLR TlOHT

D O «-apiuocR

Fig. 12. Slag Tank Arrangement.

dicate the input speed to the reduction

gear drives. In addition indicating

lights have been provided to show
the position of both the upper and
lower coal valves.

One drag type feeder is used to

supply coal to each cyclone, at a

contiolled rate in accordance with

load requirements. The top fhght of

the drag feeder chain undercuts the

column of coal flowing down the

coal chute from the bunker. The
movement of the drag feeder chain

carries the coal toward the rear of

the feeder passing under a levelling

plate which is set to maintain a given

depth of fuel and thus provide a

uniform flow.

After passing under the levelling

plate, the coal falis to the bottoni

of the feeder and is moved by the

bottom flight of the chain to the

discharge point. The fuel rate is deter-

mined by the speed of the drag chain

which is controlled from the boiler

operating panei. A motor driven rotary

coal distributor is located in the dis-

charge end of the coal feeder housing
to assist in providing a uniform flow
of coal by eliminating any avalanching
tendency with dry coal or f)ulsating

feed with wet coal.

Ash Handling System

Approximately 85% of the ash from
the coal burned is collected in molten

form and discharged to the water

filled slag tank, which is shown
schematically in Fig. 12.

This quantity represents the com-
bined result of the slag collecting

ability of the cyclone furnaces and
the primary furnace. It follows that

since combustion is virtually com-
pleted in the cyclone furnaces, the

largest portion of the slag is therefore

produced in the cyclones. The molten

slag layer is continually added to as

the incoming coal is burned out, and
since the thickness of the slag layer

tends to remain constant for uniform
conditions of load, the excess slag

flows to the rear of the cyclones and
drains through a tap-hole to the

primary furnace. From here the

molten slag flows through a slag spout

opening in the furnace floor to be
collected in the water filled slag tank.

The molten slag on striking the

relatively cold water is quickly chilled

and breaks up into granular particles

about the size of split peas or smaller.

These granular particles have a vitri-

fied appearance; they are shiny jct

black in colour and have shaip
corners.

The storage area in the slag tank

of approximately 720 cu. ft. is de-

signed to hold about 12 hours' ac-

cumulation of slag with the boiler

operating at rated capacity. To dis-

tribute the slag evenly in the tank

and prevent it from building up in

a cone, two slag levelling headers

having a series of high velocity water

jets have been provided. Salt water,

pumped from the harbour, is sup-

plied to the headers which are

located about 3 in. below the sur-

face of the water in the tank, thjs

the high velocit)- jets keep the water

very turbulent, preventing the surface

water from becoming hot and at the

same time encouraging disintegration

of the slag.

The accumulated slag is removed

from the tanks on a once per shift

basis. Its removal is accomplished hy

a h\dro-ejector arrangement which

sucks the ash and water from the

slag tank outlet. Salt water, pumped
from the harbour, at the rate of

1300 U.S. g.p.m. and delivered to

the hydro-ejector nozzle creates a

vacuum for the ash removal operation.

The mixture of slag and water is

delivered to either one of two hydro-

bins where the ash and water are

separated. The slag falis to the bottom
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of tlio In ílro-hins and the water builds

up to the o\-oiHc)\\ le\'ol running to

waste. Each Indio-bin has sufficient

capacity to hold tlie slag produced
over ii 48-liour period by one boiler,

operating at continuous full load.

Somo of the Eaily Operating Piobleins
and liow they were overcome

During the initial stages of opera-

tion of the first cyclone fired unit,

operation was attenipted only during

the da\' time and the unit was shut

down eacli e\'ening. This was partly

to gain experience in staiting and
shutting down the plant and partly

to insure that the plant was run only
when there was close supervision by
technical staff. In addition, it was
neccssary for the operating staff to

gain some operating experience and
become familiar with the new equip-

ment before the burden of its safe

operation could be placed upon them.

Acid Cleaning

The original plan was to operate
the plant on médium loads for several

months before acid cleaning the
boiler. However, subsequent events

changed this program. After about a

week of intermittent operation of the
boiler a leak developed in one of

the 1/2 in. O.D. cyclone furnace tubes.

Investigation revealed that circulation

%\as restricted in this tube due to

blockage by foreign matter in the

form of a gravei stone or pebble
lodged in the inlet end of the tube.

As a result of this discovery a very
close internai examination was carried

out of ali boiler parts, particularly of

ali cyclone headers and tubes. A con-
siderable quantity of foreign material

was found whích somehow had
escaped detection during the pre-

liminary boil out and clean up of the
unit. In addition to the foreign matter,
rusting and rust deposits were con-

sidered to be excessive, particularly

in the two cyclone furnaces and, on
the basis of this rust condition, it

was felt necessary to acid clean the
unit before attempting any further

operation. The prearranged date for

the official plant opening was now
only three weeks away and—still more
important — the additional capacity
was needed to take care of system
load requirements. The acid cleaning
job was therefore commenced as

soon as possible.

The cleaning job itself, which was
carried out with utmost speed and
under close supervision, went very
well and good results were obtained
in so far as removal of the rust coating
was concerned. However, the acid
cleaning resulted in other unforeseen
difficultíes developing and really

proved to be the "acid test" since a

series of leaks occurred following the

acid cleaning. Without exception,

the leaks occurred at welded joints

in the boiler tubes. As near as could

be determined, these leaks were due
to the removal of small slag inclusions

in the welded joints. In themselves the

leaks were small and not too serious,

however, the actual repairs ran ínto

several time consuming operations

since it was necessary, in each case,

to cool down the boiler and drain

the unit before repairs could be

carried out.

Slag Removal

During the first weeks of operation,

difficulty in removal of slag accumula-

tions from the slag tank caused some
concem and prevented continuous

operation of the boiler. A number of

forced outages were necessary in

order to empty the slag tank and also

for the purpose of carrying out various

design changes and adjustments of

the equipment. The general arrange-

ment of the slag tank is sliown in

Fig. No. 12 which was referred to

earlier.

During the slag removal operation,

the hydraulically operated door is

opened to permit the flow of water

and slag from the tank to the water

tight enclosure from where it passes

through the clinker crusher, to be

picked up by the hydro-jet and de-

livered to the hydro-bins. The agitator

nozzles, located at various leveis in the

tank and designed to encourage the

flow of slag from the tank, were not

effective in complete removal of the

slag. As water levei ín the tank

dropped the pile of slag remaining

would protrude above the water levei;

then the molten slag being continu-

ously discharged to the tank would
fali on top of the slag remaining and

cause large clinker formations. Numer-
ous arrangements of the agitator

nozzles were tried with varying de-

grees of success. However, the final

and complete answer to the difficul-

ties was arrived at only after several

months of operation. The solution

proved to be the installation of 3

water jets in the floor of the tank,

located in sudh a way as to under-

mine the pile of slag and cam' it

from the tank to the clinker crusher.

As a further aid to operating per-

sonnel, two heavy glass observation

Windows were located in the side of

the slag tank so that water levei in

the tank could be observed as well

as the rate of asli removal. Slag re-

mova! has now settled down to be a

straight fonvard and routine job, re-

quiring 30 to 40 min. per shift.

Coal Feeder Troubles

The drag type coal feeders (which
were described earlier under fuel

handling) were responsible for some
of the teething troubles during the

early weeks of operation: the general

arrangement of the coal feeders (2

per boiler) is illustrated in Fig. 11.

The top flight of the coal feeder

chain in passing under die coal chute

from the bunker, carries coal into the

feeder. Most of this coal falis through
the drag chain to the bottom of the

feeder housing, however, a small

quantity may stick to the chain links

and be canied to the rear of the

feeder. Chips of wood or foreign

matter, which have got by the mag-
netic pulley on the coal con\^eyor

system, often were caiTied to the rear

of the coal feeder and then proceeded

to wedge tightly beh\-een the drag
chain sprockets and the bottom of the

feeder housing. This results in the

failure of a shear-pin which is de-

signed to protect the feeder chain and
drive from damage. Failures of this

type happened so often that the

bottom of the drag feeder housings

were lowered to gi\"e greater clear-

ance and thus prevent the wedging
of small bits of foreign matter from
causing a shear-pin failure. This was
a step in the right direction and
eliminated a great deal of the troubles.

How^ever, shear-pin failures still oc-

curred, due to foreign material and
other causes.

From the operational point of view

shear-pin failures, resulting in loss of

coal feed were looked upon as being

very serious, particularly since the

boiler operator would not know there

was anything wrong until the>' started

to lose steam pressure. By the time

the operator located the ti^ouble and

determined which cyclone burner \\ as

out, it was often necessarv to transfer

20 to 25,000 kw. of load. Needless

to say, this type of failure suddenh
caused large and undesirable pressure

and temperature changes in both the

boiler and turbine equipment. Alarms

to indicate a coal stoppage to the

feeders had been pro\ided. however.

they would not gixe an indication of

a shear-pin failure.

A member of the operating staff

came up with a ver\" ingenious and

simple idea to indicate a shear-pin

failure. Since these new alarm in-

dications have been provided, there

has been a niarked improvenient in

over-all operation. Should a shear-pin

failure now occur, the operator knows
immediateh' which feeder is in trouble.

and since the sccondary air port

bunker "C" oil burners are ahva\ <

read\' for use, the standard procedurc
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is to switch over to oil buming im-

mediately. A secondary air port burner

can be brought on simply by opening

one isolating valve. This change-over

can be accomplished with little or no

loss in steam pressure and without

I the necessity of reducing load.

Conclusíons

j

The early months of operation of

the cyclone fired units vvere not com-
pletely trouble free. However, the dif-

ficulties encounteied, for the most

part, have now been overcome and

I satisfactory sokitions arrived at.

It was expected that, with this com-
paratively new method of burning

coal, some initial teething troubles

would be encounteied, especially until

j

such time as the operating staff had

I

an opportunity to become famiHar

!
with the new equipment and had

I

been trained in the new operating
' techniques.

! A few of the eftriy operating

j

troubles have been discussed as well

j

as how they were overcome. For the

;
most part, operation has now settled

down to be a routine job.

The following hst records some of

the observations made during the

early months of operations of these

cyclone fired units.

(1) The cyclone furnaces have
proven to be well suited for

burning most grades of Nova
Scotia coal.

(2) The danger of fumace ex-

plosions for coal firing is

eliminated, by the use of

crushed rather than pulverized

coal.

(3) The cyclone furnaces are suit-

able for operation with bunker
"C" oil.

(4) The cyclone furnaces can be
very quickly changed over from
coal to oil firing as the second-

ary air port oil burner remains

in position and ready for im-

mediate use at all times.

(5) The maintenance cost of cy-

clone burners is considerably

less than for pulverizer equip-

ment. However, this saving is

partly overcome by higher

maintenance costs for the coal

crusher hammers. Experimental

work is still being carried ouf

with various types of hammers,
and with hardcoating materiais

to protect the hanimer wearíng

surfaces.

(6) There is no dust problem in-

volved in the handling and
trucking away of the cyclone

slag.

(7) On a few occasions, stack

emission has been excessive due
to faulty combustion conditions.

and at other times, due to soot

blowing operations. This matter

is still under study.

(8) From an operational point of

view, the boiler room staff like

the cyclone units; they have
found them easy and safe to

start up and operate.
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site 17 miles by barge. This included

compressors, 2/2 yard draglines, heavy

tractors and trucks, as well as neces-

sary camp equipment and supplies.

Where the rock to be removed was
under water, staging was built and
drilling was done through boiler pipes

set in the rock. The work was carried

out in three sections. First the up-

stream section, then the downstream,

and finally the centre section. In

carrying out the excavation in this

manner, nearly all dragline work was
in still water and a barrier was main-

tained across the new channel until

the greater part of the rock was ex-

cavated. The underwater blasting was
successful except for a small section

near the upper end of the channel.

This section was subsequently re-

drilled from a barge and blasted. The
broken rock was later removed by

clamming. The rock channel broke

exceptionally smooth and the loss of

head through the Boundar\- Falis

reach is now onl>- about 6 in.—it was

formerly about 3 ft. 6 in.

Both projects were designed b> the

Ontário Hydro Engineering staff and

constructed by the Ontário Hydro
Construction Division.

POWER IN CANADA (Continued from

pacity of 65,920 h.p. (end-1957).

United Towns Electric Company
Limited is constructing a 1200 h.p.

single-unit hydro plant at Pitmans

Pond, New Chelsea Brook.

Iron Ore Company of Canada is

expected to add a single 19,000 h.p.

unit in 1960 to the existing develop-

ment at Manihek Rapids, Ashuanipi

River, in Labrador. Present capacity

is 12,000 h.p.

British Newfoundland Corporation

Limited and its subsidiary companies

do not at present have any electric

generating capacity, but they have
water-power rights on about half the

undeveloped rivers in Newfoundland,
and on virtually all of the rivers in

Labrador. The Hamilton River, in

Labrador, has a proven potential of

4 million h.p. at one site and an esti-

mated 2 million h.p. at other sites

downstream.

At Bay d'Espoir, on the south coast

of Newfoundland, there is a proven

potential of 350,000 h.p. at one site.

The Corporation plans to complete

construction at this site of the first

stage of 70,000 h.p. in two units, by

page 62)

1962-3. Further stages, each of a

single 70,000 h.p. unit, would be

added as required to meet demand.
Initial plans are to build transmission

lines at 161 kv. from Bay d'Espoir

to Grand Falis and Whitbourne.

Hamilton River power can be de-

veloped most economically by the

"Channel Scheme", which would have

a total installation of at least 4 million

h.p. in a single powerhouse under a

head of 1050 ft. Because of the dif-

ficulty of marketing such large blocks

of power, various subsidiary schemes

have been sui-veyed in the Hamilton

watershed. These would enable de-

mands of 50,000 h.p. to nearly 500,-

000 h.p. to be met. Initially it may
be necessary to build one of the sub-

sidiary schemes to meet local demand,

and results are expected from negoti-

ations with several potential custom-

ers, including mining interests in

Labrador.

WHITE DOG FALLS
(Continued from page 84)

rock, some of which was under water.

All equipment was transported to the
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138 kv. UNDERSEA CABLE

ACROSS GEÓRGIA STRAIT

T. Ingledow, M.E.I.C., President

B.C. Enginecring Company Limited

Vancoiiver, British Cohimbia.

THE COMPLETION of tlie sub-

maiine cable link between the

lower mainland of British Columbia
and \'ancouver Island has been called

a landmaik in the development of

siibmaiine povver transmission. This

paper describes the basic considera-

tions leading to the adoption of the

138 kv. interconnection, and the de-

sign, manufacture and laying of the

cables.

The first circuit with five cables

was completed in the summer of

1956. In 1958 an additional two
cables were installed to provide two
circuits, each capable of transmitting

120 Mw. with one cable as a spare.

It is estimated that the cable link

will be sufficient to meet the needs
of the south Vancouver Island service

area of the B.C. Electric Co. Ltd.

until the late 1960's.

The British Columbia Electric Company
Supply System

The service area of the British Col-

umbia Electric Company shown in

Fig. 1 covers the south western main-
land of British Columbia and the

Southern part of Vancouver Island.

The mainland of British Columbia is

well endowed with indigenous power
resources. It is estimated that more
than 15,000 Mw. of hydro power still

awaits development, while natural

gas from the Peace River district is

now available in the lower mainland.

By contrast, the area served by the

B.C. Electric Company on Vancouver
Island contains no new hydro electric

sites suitable for development. Fur-

thermore, while the northern portion

of Vancouver Island still has some
undeveloped water power, it is an-

ticipated that this will be needed to

meet the region's own increasing

electrical demands.
From load studies made several

years previously, it had become evi-

dent that an additional .source of

povver for the southern part of \^\n-

couver Island would have to be pro-

vided during 1956. Actual and pre-

dicted one hour peak loads for the

B.C. Electric Company's Vancouver
Island system are plotted in Fig. 2

for the period from 1945 to the

present time, with projected loads to

1970. This curve shows that during

the past ten years an average load

growth of 10% per annum com-
pounded has been realized. During
the winter of 1955/56 the one hour
peak reached 75 Mw. thus practi-

cally equalling the system peaking
capabilitv of 76.9 Mw. detailed in

Table 1.'

A serious need was also developing

for additional reserve capacit\'. Ali

four units of the Jordau River hydro
electric plant are served by a single

wood flume making them particularK-

vulnerable to simultaneous outage.

Also the old Brentwood steam plant

contained 12 Mw. of inefficient units,

some of which were due for retire-

ment.

From Fig. 2 it will be seen that

another 120 Mw. of electrical power
would be needed over the subse-

quent six or seven years, allowing

for the anticipated termination of

contracts for purchased power.

Altematíve Sources of Supply

Since additional purchased power
from hydro electric sources in the

northern part of the Island w as not

available, consideration was given to

an oil or coal fired steam plant, a

nuclear power plant, and an a-c or

d-c submarine cable interconnection

transmitting mainland hydro electric

power to the Island. The cost of

power from a modern 120 Mw. steam

plant operating on Bunker C oil or

coal at 60% load factor was esti-

mated at about 8 mills per kwh. in-

cluding fuel, fixed charges, operating

and maintenaiice costs. Nuclear plants

of that size were neither sufficiently

developed at the time nor economical-

ly competitive. It was estimated that

the cost of mainland hydro electric

energ\- delivered to \'ancouver

Island over a 120 Mw. a-c submarine
cable interconnection would be about

80% of that obtainable from a modern
coal or oil burning generating station.

The imit cost of transmission over

the cable link itself would be little

over 1 mill kwhr. when operating at

60% load factor. High voltage d-c

transmission was also considered but
rejected as uneconomical, and the lim-

ited practical experience with con-

verting equipment at that time was
deemed insufficient to justif\- its

adoption.

The a-c interconnection scheme
had other advantages. One block of

reserve capacity would suffice for

both Island and Mainland systems.

The hydro electric plant on southern

V'ancouver Island was dependent on

the run-off of one watershed only. In

wet years, water was spilled, while in

dr>- \ ears an energ\- shortage some-

times occurred. The interconnection

would allow the co-ordinated and

efficient use of several watersheds

having diversa run-off characteristics

both on the Mainland and on the

Island. There was no doubt that the

high voltage a-c interconnection

scheme was both feasible and econ-

omicalK- attractive. The decision w as

taken to go ahead.

Route Selection

A map of the interconnection route

from Tsawwassen Beach on the Main-

land \ia Galiano. Parker and Salt-

spring Islands to \ ancouver Island

at SansTun Narrows is shown in Fig.

3. To determine the best route, ex-

haustixe Indrographic survevs were

carried out, soundings and accurate

sea bed contours were taken, bottom
currents measured and bottom
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samples collected. The profile of the

route finally adopted is shown in Fig.

4 with submarine conditions sum-
marized in Table 2.

Betv\'een Vancouver Island and the

Mainland are a number of long nar-

row islands rising steeply from the

sea bed. Bottom conditions generally

are rugged; part sand or gravei, part

rock, with abrupt changes in contour,

and deep holes. Fortunately a part

of the channel between Tsawwassen
and GaHano was found to be covered

with silt from the Fraser River, and
offered a flat soft bottom except for

a ridge of rock about two miles off

the shore of Gahano Island. The
cables take this route, and with the

permission of the U.S. authorities

pass through U.S. territorial waters

for a distance of about 7 miles.

The channels between Galiano,

Parker, Saltspring and Vancouver
Islands are much less attractive from

the cable laying point of view. How-
ever, a detailed survey of Trincomali

Channel between Parker and Salt-

spring Islands revealed a small sec-

tion which was satisfactory, involv-

ing a short 2.6 mile crossing. For the

mile wide crossing of Sansum Nar-

rows between Saltspring and Van-
couver Islands an overhead span was
utilized.

Ships anchors and trawling pro-

vide potential hazards to the cables

in the congested coastal shipping

lane. With the co-operation of the

Department of Fisheries beam trawl-

ing was prohibited in Trincomali

Channel but no trawling restrictions

were imposed in the Strait of Geórgia.

To minimize the danger of damage
from ships anchors, cable routes and
landing sites were kept well clear of

good anchorages.

Scheme of Development

Under the first stage of the devel-

opment in the summer of 1956 five

submarine cables were laid across

the Strait of Geórgia and five across

Trincomali Channel. Four of these

cables were connected to the four

conductors of the 138 kv. overhead

line sections of the link. Three cables

were used for the single three-phase

Circuit while the fourth circuit could

be switched at the terminal station

to replace any faulty phase. The fifth

cable served as an additional standby.

The second and final stage of this

development completed in 1958 in-

volved the laying of another two

cable links and the provision of an-

other overhead circuit. Thus there

are now seven cables and seven

overhead conductors comprising two
120 Mw. three-phase interconnections

with one common spare circuit.

Protection and Control

Both terminal stations are un-

attended and controlled by super-

visory carrier-current equipment from

the load dispatch centres in Victoria

and Vancouver respectively. Two-zone
impedance relays are used for phase

protection, and high-speed direction-

al ground-impedance relays for

ground protection. A single-zone im-

pedance back-up relaying system is

provided to guard against failure of

the primary relays and circuit break-
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Table I

B.C. Electric Company—Vancouver^Island_System

One-Hour Peak Capability—December, 1955

Source Type
Peak

Capability

Jordan River plant
Diversion plant
Bientwood plant

Purchased power

Fig. 2. British Col-
umbia Electric
Company — Van-
couver Island Sys-
tem. Actual and
Predicted O n e -

Hour Peak Loads.

Hydro-electric
Hydro-electric
Steam (oil-fired)

26.4
1.5

12.0

37.0

76.9

1945 1950 1955 1960 1965 1970

tMS. In tlio o\ont ol a plia.sc-to-ground

faiilt tiio civcuit hrcakors at the ter-

minal station aro trippcd, and the

spare circuit is autoniatícally substí-

tuted for the faiilted phase using
motor operated switches. The Main-
land circuit breaker is then reclosed,

and the Wmcouver Island system is

res\nchrouized if necessary either

manually or automaticalK-, from the
load dispatcli centre in \'ictoria.

Communication and gas pressure
alarm facilities are pro\ided through
the co-operation of the British Col-
unibia Telephone Company. The lon-

gas pressure alarms are signalled at

the telephone exchanges closest to

the cable terminais. An audible alarm
is given together with two signal

lights for gas failure and one light

for circuit failure. Alarm conditions
are reported by the exchanges to the
B.C. Electric Co. Load Dispatch
Centres.

Cable Design and Manufacture

The decision was taken to manu-
facture the cable in continuous
lengths,! even though this meant in-

stalling special plant for its manu-
facture and handling. It was agreed
that the use of joints involved un-
certainties which could only be justí-

fied under conditions of emergency,
although both rigid submarine joints

for jointing two sections of cable at

sea, and reconstructed joints to be
made at the factory had to be fully

developed. As it transpired, both
types of joint were needed.

The decision to adopt the single-

core gas-filled type of cable using

pre-impregnated paper insulation-

followed logically, this being the

only j^racticable type which lent itself

to continuous manufacture and could

be developed for the duty required.

The cable was required to operate

at 138 kv. 3-phase 60c,/s, with a

rating of 120 mva. The maximum ex-

ternai sea-water pressure would be
265 Ib/in^, and in order to prevent

extensive ingress of water into the

cable in event of damage, it was
designed to operate at 300 Ib./in-

nitrogen gas pressure. Extensive lab-

oratory tests followed by sea trials

at approximately 100 fathoms, includ-

ing laying, grappling and recovering

the cable, led to the development of

the final design summarized in Table

3 and illustrated in Fig. 5.

Meanwhile, the layout and design

of the plant to manufacture the cable

in continuous lengths was proceed-

ing, with particular consideration

being given to the methods of stor-

ing long lengths of cable between

the various stages of manufacture. A
diagram of the plant la\ out is shown
in Fig. 6. Features of particular in-

terest in the design and construction

of the cable are as follows:

A. Conductor and Insulation

The cable was designed on the

basis that ali coiling would be in a

clockwise direction. The outer la\er

of conductor wires was stranded

right-hand, so as to contract in diam-

eter under coiling, thus avoiding

damage to the dielectric papers. The
central duct was designed to provide

the gas-flow channel; the clearance

under the lead sheath, which is stan-

Fig. 3. Mainland—Vancouver Island Interconnection Route.
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OVERHEAD LINES TO
STRATFORD SWITCHING STATION OVERHEAD LINES

OVERHEAD LINES
TO DELTA
SUBSTATION

2.6 MILES
SUBMARINE CABLES

14 MILES
SUBMARINE CABLES

S C A L E

STATUTE MILES
Fig. 4. Piofile of Route.

dard practice in the case of land

cables, is inadmissable, since at

depths in excess of 40 fathoms the

sheath would tend to deform undev

the externai water pressure. Strand-

ing of the conductor was peiformed

on a standard floating-bobbin two-

carriage machine.

The normal method of storing a

long length of cable is to coil it on

the ground, but this twists the cable

through 360° for every turn of the

coil. It was decided that twisting of

the cable should be reduced to a

minimum at every stage of manufac-

ture except in its finished state, and

that large power-driven horizontal

turntables should be installed for

coil-storing the cable between opera-

tions. A turntable was installed to

receive and coil-store the conductor

between the stranding and insulating

machines. It was 24 ft. in diameter,

designed to accommodate up to 25

miles of conductor of 1 in. diameter,

and driven through an electronically-

controlled magnetic coupling giving

constant speed at any load. Owing to

the difference in speeds between coil-

ing down from the stranding machine

and paying-off into the insulating

machine, the drive was fitted witli

two gears and a 2-speed motor.

Insulating papers were applied

with graded thicknesses and tensions

in four reversed-lay sections by

means of a rotating-cage type lapping

machine of special design. As the

paper applied to the cable was pre-

dried and impregnated, special mea-

sures were taken to eliminate contam-

ination and to control the moisture

pick-up during any enforced long

stoppages of the machine. The in-

sulating machine was therefore fully

enclosed with a drying plant to main-

tain the atmosphere within the en-

closure at uniform humidity, which

could be reduced to 3-4% in the

event of a prolonged stoppage.

B. Alloy-Lead Gas Retaining Sheath

Alloy E was adopted for the gas

retaining sheath, after careful study

of the properties of alternativa alloys,

primarily because of its high fatigue

resistance. The sheath was extruded

on to the insulation by the lead press

with a shrinkage of 30-40 mils diam-

etrically to obviate distortion under

externai water pressure while the

cable was being laid.

To allow continuous manufacture,

it was essential for the plant to run

continuously for 500 hours or more.

From this aspect, the most vulnerable

point in the whole production line

was the lead press, where a stoppage

of ten minutes would so damage the

cable as to necessitate cutting it out.

As a safeguard, the pumps and con-

trol console were duplicated, any

necessary change-over being possible

within a few minutes.

A special gamma-ray photographic

unit was developed for measuring

regularly the sheath thickness at four

positions at right angles to each other,

without interruption of production.

The gamma-ray source was 2 curies

of cobalt 60 in a heavily screened

Container with a remotely controUed

shutter.

Since it was impracticable to syn-

chronize exactly the insulating ma-
chine and lead press, an accumulator

system was designed and installed

between the two machines to store

130 yd. of cable. This enabled the

lead press to run for up to three

hours at normal production speed

with the insulating machine stopped.

In an emergency the lead press could

run for up to 20 hours at reduced

speed should a breakdown of the

insulating machine require it. The
accumulator consisted of a large 8-

fall pulley system mounted horizon-

tally. Ali the pulleys were 15 ft. in

diameter and the spans of cable be-

tween the pulleys were supported by

a system of rollers. A second turn-

table, 47 ft. in diameter was in-

stalled between the lead press and

the reinforcing machine to accom-

modate up to 25 miles of cable.

C. Reinforcing and Armouring

The application of the reinforcing

tapes, vulcanized-rubber anti-corro-

sive sheath, bedding, steel-wire

armour and serving was carried out

in tandem in machines driven from

Table II Siimmary of Subníarine Conditions

Trincomali

Item Sirait of Geórgia Chaiuiel

Length of Cable section 14.7 miles 2.9 miles

Maximum depth 100 fathoms (600 feet) 30 fathoms
Bottom conditions Generally sediment, but with a ridge of Generally

rock parallel to and at a distance of 2 sediment
miles from shore.

Peak of ridge Ridge rises from 100 fathoms to 40
fathoms at the peak, and falis to 80
fathoms on the Galiano Island side.

Currents Surface: 4 knots average.
Bottom: 1 knot maximum.

Corrosion Xo corrosion conditions due to organic
or chemical sources.

Marine life Xo teredo present.

THE ENGINEERING JOURNAL—OCTOBER, 1959 99



Fig. 5. Construc-
tion of 138 kv
s i n g 1 e-core gas

filled cable.

HOLLOW CORE, GAS FILLED

CONDUCTDR

METALIZED PAPER
CONDUCTOR SCREEN

PRE - IMPREGNATED
PAPER DIELECTRIC

Dl ELECTRIC SCREEN

ALLOY LEAD SHEATH

COPPER
REINFORCING TAPES

RUBBER
ANTI - CORROSION
SHEATHING

BEDDING

GALVANIZED
STEEL ARMOUR

JUTE STRING SEBVING
TO PROTECT ARMOUR FROM

ROCK ABRASKDN ETC

a c-i)iiinu)ii iKukslialt.

The reiíilDifiiijí tapes wcrc applied

witli ,1 linlit-liaiul lay (i.e. opposite-

liaiul ti) tlu> annoui) in three layers,

so tluit, uiulcr the tensile loads ex-

perienced dvirinií la\ ing, thcir circum-

foiential toniue was opposed to and
piacticalh (Hiual to that of the arm-

our. Tliis suh.stantiall\' reduced any
tendeiK'\ of the cable to throw^ loops

on the seu bottoni under ceitain con-

chtions of hninc; and lecovery.^

riic anli-eonosion sheath, which
piotects tlie íeinforced gas-retaining

sheath against corrosion, consists of

a liomogeneons and fully vulcanized

slieatliing of natural rubber com-
ponnd. It provides adequate insula-

tion against the transient voltages

appioximately 10 kv.) which may be

induced between the armour and the

gas-retaining sheath in service.

After vulcanizing, the rubber sheath

was tested at 20 kv. by two-spark

testing units in tandem. These were
interlocked so that voltage was ap-

plied only when the cable was mov-
ing. Failure of the rubber sheath

automatically stopped the armouring

machine to allow inspection and re-

pair to be made.

Steel-wire armouring comprised

galvanized steel wires applied with

a left-hand lay to avoid locking dur-

ing clockwise coiling. The optinium

lay was determined, by experiment,

as 12 times the pitch-circle diameter,

to provide the desired coiling and
handling properties consistent with

minimum torsion under the tensile

loads of laying. Much work was done
on various aluminum alloys with the

object of reducing the electrical losses

in the armour. Although their normal

electrical and mechanical properties

were satisfactory, it was found that,

under water, the abrasion resistance

was much inferior to that of steel, and
for this reason the use of aluminum
wire armour was rejected and gal-

vanized steel was adopted. The cable

was transported from the capstan of

the armouring machine by overhead

gantry and coiled in the coiling shed

in readiness for loading on to the

cable ship.

D. Quality Control and Tests

It was not practicable to test the

cable under high voltage a-c. condi-

tions and fnll gas pressure, either

during or on completion of manufac-

ture, owing to the length involved

and to the fact that full gas pressure

could not be applied without im-

pairing the flexibility and handling

properties of the cable before laying.

Consequently, rigid quality control

and inspection at ali stages was

essential. High voltage d-c. tests and

pneumatic tests at reduced gas pres-

sure were carried out on the full

lengths of cable in the lead-sheathed

stage (No. 2 turntable) and the fin-

ished stage (coiling shed). At the start

and finish of each length manufac-

tured, lengths were cut off for com-

plete testing and dissection to con-

firm compliance with the specifica-

tions. Performance tests include elec-

trical stability, voltage surge, bend-

ing, coiling, and tests under externai

water pressure and internai gas pres-

sure.

Cable Installation

A. Shipment

The five cable links comprising the

first stage of development were ship-

ped to site and laid by the cable ship

"Ocean Layer".^ This ship of 4,600

tons displacement had recently been

completely fitted out with the most

modern equipment and gear, and with

an experienced captain and crew

proved very suitable for the dif-

ficult job of installation.

Cable was loaded into the tanks of

the "Ocean Layer" by a specially con-

structed overhead gantry 350 yd.

long at a speed of about 800 yd.

per hour. Fully loaded with approxi-

mately 3,900 tons of cable the "Ocean

Layer" sailed for \'ancouver and com-

menced laying operations there on the

16th of July 1956. For the second

stage of the development in 1958, the

unavailability of the "Ocean Layer"

led to the charter of "H.M.T.S.

Monarch", the largest cable ship in

the world. Procedures developed for

the first installation were utilized

throughout and the cable laying oper-

ation followed a virtually idêntica!

pattern.

B. Landing Sites

Detailed surve\ s were made of the

waters and bottom conditions sur-

rounding the landing points. Storni

records over a period of }ears were

examined, and it was established that

the effect of wave action could be

adequateh restrained.

The three island terminais of the

submarine cable route are broadh'

similar, l\"ing in small indentations on

rocky coastlines with sufficient depth

for the cable ship to anchor about %

of a mile off shore in 15-25 fathoms.

After clearance and grading of these

inlet sites, reinforced concrete cable

chases were constructed from 5 ft.

below^ low water to the pothead sites

some 50 ft. aboxe high water mai-k

and 300-400 ft. distant. These were

subsequenth" co\ered with concrete

slabs. Additional protection for cables

exposed at low tides was achiexed

b\- sleeving them with split articulated

protectors of malleable cast iron.

The Mainland terminal at Tsaw-

wassen Beach presonted special

problems since it had a sea approach

over about l'í miles of sand\ shal-

lows and on land a steep unstable

bluff rising to a height of about

180 ft. This bluff was cut to a

depdi of about 30 ft. to reach a

competent laxer and a concrete cable
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subway 450 ft. long fuinished with

steps and cable racks was con-

structed leading to the potheads

some 900 ft. froni the high

«ater mark. On completioii the cut

uas filled and leplanted to leduce

the risk of subsequent movement.

C. Laying from the Cable Ship

The greater pait of eacíi cable

was laid from the cable ship using

established methods. To avoid the

risk of looping or kinking the cable

it was decided to lay it with a small

residual tension on the sea bottom.

The position of the touch-down point

of the cable was calculated in re-

lation to the position of the echo

sounder in the ship, the shape of

the suspended cable and the tension

required at the dynamometer on the

deck, to maintain the desired resid-

ual tension in the cable on the sea

bottom. During laying, extensivo

records were kept from which it was
confirmed that the cables had been

laid closely in accordance with the

planned requirements. Speed of

laying was limited to approximately

3 knots which was considered the

maximum at which the cable could

safely be handled out of the hold

and through the ship's machinery.

During cable laying, the ship's navi-

gating officers plotted her position

at 4 min. intervals using suitably

positioned markers on land and, in

the Straits of Geórgia, additional

marker buoys with radar reflectors

previously laid by the ship. Laying

proceeded without incident except

for one Trincomali Channel cable

when the ship was carried at right

angles to the route by an unexpected

rip tide near Parker Island: the

cable under heavy tension was bent

to a radius of 15 in. around the bow
sheave flange, and visibly flattened.

During d-c. testing after laying the

cable failed at this point and a

submarine repair joint was inserted.

D. Laying From Cable Scows

The use of continuous cable

lengths precluded laying shore ends

separately and special attention was
focused on the problems of getting

the ends ashore. Scows or barges

with shallow draught and large flat

decks are used extensively in the

Vancouver area and it was decided

to adapt these local craft for laying

cables from ship to shore. At the

starting and finishing end moorings,

around 2,000 ft. of cable had to be

transferred to the scow except at

the Mainland where a little over

9,000 ft. was needed; the weights

involved being approximately 16 and

72 tons respectively. The required

cable length was coiled on the scow
adjacent to the laying ship. The scow
then laid the cable from the ship to

the shore. A power winch pulled the

free end of the cable up the cable

chase to the potheads.

The problems of handling the

shore ends of the cables were studied

using models and later a full-scale

dumniy scow and ship were con-

structed on land. As a result of this

work a cable scow was designed

with a reversible cable sheave

mounted centrally on an A frame

structure 25 ft. above the deck. The
sheave was powered by a hydraulic

variable speed gear also arranged

for braking. A compression type

cable brake was fitted to the stei-n

so arranged that t)he cable could be

lifted in and out and the brake re-

moved in sections when necessary.

A tunnel consisting of wooden

ramps with a removable top plate

was provided so that the cable could

be paid out from under the remain-

ing turns and remove the twist in

the cable introduced during coiling.

At the Stern, a rounded apron was

built up so the cable could be pulled

off in almost any direction without

too sharp a bend. The scow was

equipped with winches for waiping

and cable handling. VHF radio and

loud hailers, a compact galle\- and

store below deck, and a na\igation

platform at the top of the structure

completed the equipment.

Fig. 6. Diagram
of Manufacturers
Plant Layout. 1.

Stranding machine.
2. Caterpillar haul-

off. 3. No. 1 turn-

table. 4. Cater-
pillar brake. 5. In-

sulating machine
in enclosure. 6.

Capstan haul-ofí.

7. Accumulator sys-

tem. 8. Accumu-
lator output cap-
stan. 9. Lead press.

IC. No. 2 turn-

table. 11. Cater-
pillar brake. 12.

Reinforcing tape
heads. 13. Rubber
taping heads.
14. Vulcanizer. 15.

Spark testers. 16.

Jute bedding, wire
a r m o u r i n g and
serving machines.
17. Capstan haul-
oflF. 18. Transport
gantry. 19. Coiling
shed. 20. Coiling
winch. 21. Loading
gantry. 22. Load-
ing cateiTJiUars. 23.

Cable ship.
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Table III Cable Construction
Radial Cumulative

Component ihickness diameíer

Spiral steel duct (internai dia. 0.47 in) . 030 O 530
Copper conductor 42/ . 105 in 0.35 in^ (445,000 cm.) . 210 . 950
Metallized paper conductor screen .0105 .971

Pre-inipregnated paper dielectric . 575 2 . 121
Copper-tape dielectric screen . 003 2 . 129
Allov E/B.S. 801 : 1953) sheath . 150 2 . 429
Reinforcement bedding 0.012 2 . 453
Tinned 1% tin-bronze reinforcing tapes (3 x 0.009 in) .027 2 .507
Compounded cotton tapes . 027 2 . 561
Vulcanized-rubber anti-corrosion sheath . 120 2 . 801
Armour bedding .118 3 . 037
Single-wire armour, galvanized steel, 25-32 tons/in^ tensUe. O 232 3 .501

Bituminized cotton tape 0.050 3.601
Juteserving 0.180 3.961

Filial trials wen- niacK' iii Eii<j;laud

in December 1955 using the "Ocean
Layer" and the scow equipnicMit

described above monnted on a pon-
toou of snitable dhiiensions. The
trials proved that the cqiiipment and
method was .sati.sfactorx' and two
wooden scows 90 ft. long by 34 ft.

wide and abont 230 rogistered tons

wero fitted out in Vancouver. Their

crews were given e.xtensive training

prior to the comniencement of the

actual installation.

Fault Localion and Repair
The location of electrical faults,

in general, follows conventional

practices. A method was also

de\eloped by the cable manufac-
tnrer.s for locating a submerged gas

leak. From numerous tests carried

out it had been shovvn that the pneu-
matic resistance of the cable was
ver\" nnifonn, and accurate formulae

%\ere derived relating gas flow to the

feed distance. The method developed
consists of a loop test using a sound
cable, applying a common pressure,

and measuring the relative gas flows.

B\- applying the derived formulae the

fault position can be calculated.

Means had to be developed for

locating and cutting a faulty cable

even in the deepest water since it

would be impracticable to lift a

bight of cable without cutting it.

The test methods already referred

to, used in conjunction with the

record of cables as laid, would give a

preliminary location which might be
confirmed using Leader gear' and
by towing a submarine search coil

to pick up a signal injected into the

faulty cable. Grappling for the cable

would then proceed in this area

using a specially designed grapnel

containing a search coil (to confirm

that the correct cable was in the

prong of the grapnel) and an ex-

plosive charge to be fired from the

surface for cutting it. The gas system
previously described would limit in-

gress of water, and the two ends
would be recovered separately for

jointing-in the required new length

of cable.

Gassing, Testing and Commissíoning

The cables were charged with

nitrogen to a pressure of approxi-

mately 10 Ib/in- before they were

loaded into the cable ship and were
checked on , arrival in Vancouver.

Immediately after laying and before

the terminations were made, the

cables were tested at 276 kv. d-c.

for 15 min. at atmospheric pressure.

After the terminations had been
made, the cables were gassed at a

rate of 50 Ib./in- per hour up to

350 Ib./in- for a pneumatic over-

pressure test. The cables were then

retested at 276 kv. d-c. for 15 min.,

and as soon as the circuit was avail-

able, line voltage was applied for a

period of approximately 48 hours.

The cables were brought down to

their working gas pressure of 300
I'b/in^ and the pneumatic system

was set to give the required warn-

ings.

After ali the cables had been sub-

jected to these tests, the circuits were
switched in on load without incident,

and the spare cables were maintained

at line voltage.

Conclusion

Since the submarine cable inter-

connection first went into service on
September 25, 1956, it has been
in continuous operation except for

a few short outages for testing and
overhead line maintenance. No oper-

ating problems have been exper-

ienced, except for some minor gas

leaks at the terminal equipment, and
some relaying troubles. These were
remedied, and the interconnection

has functioned satisfactorih' and ef-

ficiently since. During unexpected

outages of some hydro-electric plant

on \'ancouver Island, the submarine
interconnection was also called upon
to provide additional peaking power
from the Mainland system. Thus the

cable link has already accomplished

its dual purpose of pro\iding a

standby as well as normal power
supply for \'ancouver Island, and the

installation has proved to be a prae
tical and economic engineering pro-

position.
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Table IV Technical Data of Cable and Typical Performance Characteristics

Conductor area 0.35 in- (445,000 cm.)
Weight in air 52.3 Ib yd
Minimum permissible bending diameter 6 ft.

Minirnum permissible coiling eye diameter 10 ft.

Maximum permissible twist 36° per yard
Maxirnum permissible tensile load 6 tons
Working voltage to ground 80 kv.
Current rating 500 amp.
Los.ses per 3-phase circuit 119 K\v per 1,000 yd.
Maximum conductor operating temperatures

—

In sea 50°C.
On land 70°C.

Cable spacing

—

Strait of Geórgia 500 yd.
Trincomali Channel 250 yd.
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A METHOD OF DETERMINING

THE POWER POTENTIAL OF RIVERS

WITH MANY RESERVOIRS

AND POWER PLANTS

G. S. Cavadias, M.E.I.C., Engineer

Water Resources Dept.

ShauAnigan Water and Power Company.

The power potential of modem hydro-systems is a complex problem and present

methods of detenmining it are not entirely satisfactory.

The method presented in this paper is based on previous work by Don John-

stone and John W. Hackney and eonsiders the total power production of the system

as the basis for the computations. In addition to the total power potential of the

system, the productions and the installations of the individual plants are also deter-

mined.

The paper gives the theoretical basis for the computations and includes an
example of the application of the method to a typical hydro-system.

1 . Introduction

MOST MODERN hydro-systems

have interconnected plants which
íorm an integrated system. The deter-

mination of the power and energy po-

tential of such river systems is a com-
plex problem.

The usual method of determining the

power and energy potential of a river is

to undertake a regulation study based
iin the available flow records. The stan-

dard tools for achieving this are the

li> drograph, the mass curve and, in the

lase of remote storage reservoirs,

analytical methods. In the case of inter-

connected systems the application of

these techniques is usually based on the

assumption that the flow is regulated for

the "centre of gravity", which can be

Fig. 1

determined by some empirical formula.'

This approach is generally inadequate

for complicated systems such as shown
on Fig. 3. On the other hand, if every

existing reservoir and plant are con-

sidered separately in the regulation

study^ the calculations do not give the

best combined output of th(> system.

Fig. 2

According to the method descrihed in

this paper, the power and energy poten-

tial of the river are determined by regu-

lating the total power production of the

system instead of the flow at a particular

site. The proposed method is a general-

ization of the concepts introduced bj-

Don Johnstone and John W. Hackney
and determines the following quantities:

(1) Total power and energy pro-

duction of the system;

(2) Installations of the individual

plants, based on a gi\-en i^rime system
load factor.

2. Method of Regulation

2.1 Purp().<<c. Tho purpose of the

regulation study is to use a sufficiently

long record of river flows to calculate the

power and energy potential of a river

system, undcr the following assumptions

:

(1) Throughout the regulation. future

run-oíTs are considered as known

:

(2) The operation of the storage

reservoirs is determined from the con-

dition that the total jjower production
should be as uuiform as possible. This
requirement is realistic if the raean
monthly loads are approximately con-

stant, or if the storage and pondage
capacities are sufhciently large to
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i'qu;ili/.o tlu' ililTiTCUfi-s lictwccii iiaily

aiiii \vtH'kly wiitiT supply and ])()\vor

(lomand.

^.^ Si/stcni irith une Plant {Fig. 1).

Ill tlio siiuplc i'asi> of ono rcsorvoir and

DIU' plant, the avcragc powor produced

ilurinií an\- nionth is

:

/,•„/„ + /;,/, = p , .(1)

w lu'l l'

= k\v. c.f.s. vtúio for tlu' plant Pi

í/„ = dischartíc IVoni storage »S„ in c.f.s.

/i = Total uncontrolled run-off at

Plant Pi in c.f.s.

p = Monthiy powor production in

kw.

l^iuation (1) can be written;

'/„ + .f. = (pAi) = R •
. (2)

wliore li is the regulated flow at the

plant Pi. The regulation of the river is

achicved hy choosing rl„ so as to make
the regulated flow R (and consequently

the jwwer production p) as uniform as

possible throughout the period of

regulation.

Although for the case of one reservoir

and one plant it is more convenient to

use equation (2) in the computations,

the more direct approach of equation (1)

will be used for more complicated cases.

2.3 System with Two Plants {Fig. 2) .

For a river with two power plants Pi
and Pi, the monthiy power production

can be expressed as follows

:

{kl + k-Ma + ^i/i + ^2/2 = V • • (3)

where/i and/2 are the total uncontrolled

run-offs at the plants Pi and P>.

Before equation (3) can be used as a

bas s for the regulation study, the inflows

/o to the reservoir Sa are multiplied by

{kl + ^2). The "controlled power"

{kl + kl), da is determined from the

condition that the total power p should

be as uniform as possible.

2./^ System with any Number of Plants

and Storage Reservoirs {Fig. 3). The
monthlv power production p of the river

shown on Fig, 3 can be expressed as

follows;

Fig. 3

{kl +k, + k,)da + {k, + k3)di

+ {k, + k,)d. + k^dj + kifi

+ k,j, + k4, + kif, = p .. (4)

where

{kl +k, + k,)da + {k, + k,)db

+ (A^3 + k,)dr + k^dj

= controlled power
and

kifi + k,f, + k,f, + A-4/4

= uncontrolled power
Again, the "controlled power" for any

month is determined from the con-

dition that the total power p should be as

uniform as possible.

3. Power Production of the
Individual Plants

In applying the above method to

systems with many reservoirs and

plants, the same total power p can be

achieved with many combinations of

discharges from the individual reservoirs.

The actual discharges are determined

from the condition that, in addition to

the total power, the power j^roduced by
each individual plant should be as uni-

form as possible.

Fig. 4

In the case of the river shown in Fig. 4,

we proceed as follows:

Total Power Production

p = {kl + k,)da + kdb + kifi -\- kif.

..(5)

Production of plant Pi

Pi = kida + kifi . . (6)

Production of plant P«

Pi = k^da + kidb + k\U . (7)

Power draft from Sa

{kl + k.^d„ = PI^lMi + k.) (8)
kl

Power draft from Sb

k,db ^ p, - {kl + k,)da . . (9)

when Pa = total power draft from
storages

For a gi^•en regulating period we have
from equation (6)

Sp. = ^ ^ + + 2 ^"^

Al + A <

(10)

where

+ k,)da = 2(A-, + k.,)fa

+ 2(A-, + A-.,)A8„

and AS„ is the change in the storage N„

during the regulating period.

From the total production Xpi of

plant Pi, we determine the monthiy
regulated power. takiiig into account the

high values of the uncontrolled power

A,/i for some months (usually in the

spring).

The neccssarv additional conditions

for the calculation of ;)i are estsíblished

as follows

;

Let Pd = Total power draft

= p ~ kifi - A-.,f,

= (A, + k,)d„ + k.dt..

We have

{kl + k^)da < p or </„ < Pd. {kl + ks)

and
min. (/),) = Ai/i < pi
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< A;,/ {ki + kW). P,

+ k^fx = max. (pi) . . (11)

The permissible monthlj' values of pi

ire also restricted by the storage capac-

itics of the reservoirs Sa and St.

The details of the calculation of pi

and j}t for each month of the regulating

pcriod are carried out as in the usual

i iise of regulation with remote reservoirs.

For a full understanding of these cal-

ulations the example given at the end
of this paper should be studied

thoroughly.

This method of determining the power
production of individual plants can be

ipplied in the case of systems with many
icservoirs and plants, provided that the

plants can be considered in groups, the

total number of vvhich is equal to the

number of storages in the system.

i. Installations of the Individual
Plants

The calculation of the total installa-

tion, and the installations of the in-

'lividual plants is based on the duration

rurves of p and pi, pi . . . .

4-1 Total histallation. From the dur-

ation curves of p we find the total

primary power pw corresponding to a

suitable percentage of time (usually

about 85 to 90 per cent). Assuming a

prime load factor L for the system, we
calculate the total installation from the

formula

:

I=pWL ..(12)

4-2 Installations of individual Plants.

The installed capacities of the individual

plants can be determined from the

following conditions:

(1) The sum of the installed capacities

should be equal to the total installation

(2) The sum of the energies produced

by the individual plants should be maxi-

mum. This criterium can be stated in a

more general way as follows:

The installations Ii, I2, . . . should be

such that the sum
F{h) + F{h) + ... + F{In)_

is maximized where F(/,) is a suitable

function of usually related to the

economic losses corresponding to the

installation /,-.

The second condition, in its simpler

form, can be applied as follows for the

calculation of the installations*

;

The energy produced by the Plant P,

(Fig. 5) with an installation /, is:

(13)E(h) = tipOdp,

where í(p,) = percentage of time corres-

ponding to the power p,.

The above conditions can now be

expressed as follows

:

(1) 7. + ...+/„=/
ErU,) + ... + EAIu) = E

(2) should be maximum
The condition for maximizing E is:

dE ^ —dh + . . . + dh = O
dli din

From condition (1) we have

dli = —dl2 — ... — din.

Substituting in (14) we find:

(14)

dE^^^i-dl.
dli

- dl„)

Fig. 6
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,

(dE., dE\

+

//„ = o (15)

aiiil lu'c:iusc tlic ililTcrciitials dl-., . . . dl

„

:irc iu)\\ imlrpi lulriit, wc nuist lia\'e

dE, _ ilE-: _ _ dEn

dl,
~

dí: ~ "' ~~dl~

lUit. Iroiu ( l.S) WC liavc:

(16)

aiui thoreforc, thc conditioii for inaxi-

miziíig E is:

txih) = h{h) = . . . = tn{In) (17)

Equations (17), together with the

oqiiation

/,+...+/„=/
determine the installations h, . . . In-

The calculations are carried out in the

foUowing way

:

Froni the duration curves of pi, . p„,

\ve determine the curve of (p, + . . . +Pn)
hy adding together the p's correspond-

ing to the same percentage of time (Fig.

6). From this curve, we read the per-

centage of time corresponding to the

total installation /.

The installations of ali plants corres-

pond to this percentage of time and are

found from the duration curves of

Pi . . . P„ as shown on Fig. 6.

Of course, before a final decision is

made concerning the individual instal-

lations, consideration must be made of

certain practical problems such as the

consistency of installation in series of

plants, necessary for the efficient use of

the water during the time when water

is being withdrawn from storage.

3. Example of the Application
of the Method

5.1 Basic data for the typical river. The
watershed of the typical river is shown
in Fig. 4.

Heads

Head of plant P, = 805 ft.

Head of plant P, = 535 ft.

Total Head 1340 ft.

At 88% efficiency we have

;

= 0.0746 X 805 = 60 kw./c.f.s.

k, = 0.0746 X 535 = 40 kw./c.f.s.

(k, + k.) = 100 kw./c.f.s.

Storage Capacities

.S'„ = 11,000 c.f.s.-months

= 11,000 X 100 = 1,100 Mw.-mos
.S'í, = 7,500 c.f.s.-months

= 7,500 X 40 = 300 Mw.-mos

Flows

The infiows of the reservoirs, and

/(,, and the total uncontrolled run-offs at

the plants (f, and /•.) are given in the

regulation tabulation (Table 1).

5.2 Rcgulatiun Study. Tlie total regu-

lated power p is determined as in the

usual type of regulation study. The
drafts from the reservoirs Sa and Sb are

calculated from the condition that, in

addition to the total power production p,

the production of each individual plant

should be as uniform as possible. The
details of the regulation stud,v are shown
in the regulation tabulation.

0.3 Installations of the Plants. After

the completion of the regulation study

we plot the duration curve of the total

power production p (Table 2 and Fig. 6).

From this curve we find that the power
available 90 per cent of the time is

;;9o = 382 Mw. Assuming a load factor

of 65 per cent, the total installation

I = 382/0.65 = 586 Mw. From the dur-

ation curves of the individual power

productions pi and p2 we construct the

curve of (pi -|- pi) as described in the

text. From this curve we find that the

total installation of 586 Mw. corres-

ponds to 16.32 per cent of the time, and
therefore the installations of plants p\

and p2 are 189 Mw. and 397 Mw.
respectively.

The total energy spill (area under the

curve p-i + pi above 586 Mw.) is

Í^ÍÍ±^-0.1632X585 = 24.36
48

Mw. years.

or 24.36 X 8760 X 1000 = 0.213 billion

kwh.

5.4 Power mui energy potential of the

typical river.

Total primary energy

382,000 X 8760 = 3.35 billion kwh.
Total energy under the duration curve

of /;

:

21,547/48 X 8,760 = 3.93 billion kwh.
Secondary energy:

3.930 - 3.350 - 0.213 = 0.367 billion

kwh.

Total installation 586 Mw.
Installation of Plant P, 189 Mw.
Installation of Plant P. 397 Mw.

5.5 Remarks onthe Comptitations. The
first step of the study is the computation

of the power inflows to the reservoirs

and the power plants. The repetitive

nature of this computation justifies the

use of punched-card computing
machines, espeeially in the case of long

flow records. After the power inflow

columns are filled in the tabulation, the

regulation study can be easily carried

out with a desk calculator. The result-

ing total and indi\ádual regulated powers

are then arranged in order of magnitude,

using punched-card sorting machines.

In this way, the time devoted to the

regulation study by competent office

personnel is kept to a minimum. In

general the time spent in the engineering

ofiice for the completion of a study of

total power production is not apprec-

iably longer than required for a regula-

tion study restricted to one power plant.

DURATION TABULATIONS

Vr r í H- Di-í-D*> or
/C

844 278 566 844 2.04
814 270 544 814 4.08
779 264 542 806 6.12
731 238 515 753 8. 16
696 233 463 696 10.20
643 230 413 643 12.24
618 211 407 618 14.28
557 189 397 586 16 32
553 183 319 502 18.36
430 183 278 461 20.40
419 183 251 434 22.44
419 183 247 430 24.48
419 183 245 428 26.52
419 183 239 422 28.56
419 180 239 419 30.60
419 179 236 415 32 64
418 173 236 409 34.68
418 169 236 405 36.72
418 169 236 405 38.76
418 169 236 405 40.80
382 169 235 404 42.84
382 169 234 403 44 88
382 169 231 400 46.92
382 169 229 398 48.96
382 169 228 397 51 00
382 169 221 390 53 04
382 169 217 386 55.08
382 169 217 386 57 12

382 169 215 384 59 16

382 169 214 383 61 20
382 169 214 383 63 24
382 169 213 382 65.28
382 169 213 382 67 32
382 169 213 382 69.36
382 168 213 381 71 40
382 168 213 381 73.44
382 167 213 380 75.48
382 167 213 380 77.52
382 165 213 378 79.56
382 165 213 378 81 60
382 161 213 374 83 64

382 156 213 369 85 68
382 154 213 367 87 . 72
382 153 213 366 89.76
382 152 213 365 91 80
382 151 213 364 93 84
382 148 213 361 95 88
382 135 213 348 97 92
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1. H. K. Barrows "Water Power Engineer-

ing" p. 148.

2. C. P. Lindner "The Regulation Chart for
Power Computation". Proceedings of
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3. Discussion by Don Johnstone of a paper
by G. H. Hickox and G. O. Wessenauer
on the "Application of Duration curves
to Hydro-Electric Studies". Transac-
tions A.S.C.E. 1933 p. 1294.

4. John W. Hackney "Energy niass dia-

grams for Power Studies". Transactions
A.S.C.E. 1939 p. 1644.

5. "Numerical Solution of the Problem of

Optimum distribution of Effort". Wil-
liam Miehle.
Journal of the Operations Research So-

ciety of America. November 1954.

NOTE: Discussion on this paper will he

published in the No\eniber issuo of The
Engineering Jmmal.
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SILVER FALLS GENERATING STATION

P. R. Stratton, P.Eng., A.M.I.C.E., Project Superintendent

C. T. Bath, B.E., P.Eng., A.M.I.E. (Aust.) Construction Project

Engineer The Hydro Electric Power Commission of Ontário

The tunnel at Silver Falis is two mUes long and was driven to 17 ft. 6 in.

diameter; it will later be lined with 18 in. of concrete to a diameter of 14 ft. 6 in.

Rock at the site was granite and paragneiss—generally fairly competent.

The equipment was ali set up for a tracked operation, i.e., a one cu. yd. bucket

capacity electric mucking machine, a number of 6 cu. yd. mine cars, a 7 drill raain

line jumbo, one 15-ton and two 10-ton locomotives.

An interesting feature of the tunnel driving was the construction of the Uso

ancillary shafts, i.e., the 300 ft. intake shaft and the 200 ft. surge shaft. These

shafts were excavated in three steps by a method believed to be new to Canada:

1) A pilot hole was driven from the surface to the tunnel;

2) A hoist was set up on the surface and used to support a cage for two men
to drill a 6 ft. diameter pilot raise;

3) The shaft was slashed down to full size.

THE DEVELOPMENT of the

Silver Falis site, where there is a

difference of head of some 360 ft.

between Dog Lake and Little Dog
Lake, has long been considered at-

tiaetive, and it became economically

justified as a peak load plant follow-

ing the development of ali but one
of the remaining hydraulic generating

sites in Northwestern Ontário.

The general topography of the

area, river flow records and an ex-

tensive geological survey established

that the development would consist

of an intake structure and shaft lo-

cated on the south shore of Dog Lake
and a single unit 62,000 hp. generat-

ing station at the upper end of Little

Dog Lake, connected by a concrete

lined 14 ft. 6 in. diam. hydraulic

tunnel almost two miles long. In

addition, there would be a surge

shaft and tank located 900 ft. up-

stream of the powerhouse.

Concurrently with the preparation

of engineering preliminary plans,

estimates and field surveys, the con-

struction planners develoi^ed their

schedules and methods of operation.

The tunnel would be driven with 3

ft. gauge track equipment from the

penstock portal which was to be

serviced by a track cut located out-

side the powerhouse excavation. Fol-

lowing Commission authorization to

proceed on February 13, 1957, initial

orders for materiais and equipment

were placed and field operations com-
menced early in April, 1957.

During the ensuing 6 months, 20

miles of road were built or regraded,

45 acres of shop and camp facilities

were laid out and erected, and suffi-

cient overburden and rock was re-

moved to commence tunnelling oper-

ations from the penstock portal on

October 8, 1957.

The geological survey, which in-

cluded seismological and diamond
drill investigations, indicated reason-

ably competent paragneiss and gran-

ite rock over the length of the tunnel

and shafts, with the possible excep-

tion of a rock depression 1500 ft.

from the intake.

The 3 ft. gauge track equipment
used for driving the tunnel con-

sisted of a main line 7 drill jumbo
mounted on bogies, an electrically

driven 1 cu. yd. mucking machine
equipped with a loading conveyor,

two 10 and one 15-ton diesel locomo-
tives, and an assortment of used 5
and 6 cu. yd. ore cars, flat cars,

dynamite and vent pipe handling

cars.

The drill jumbo, which proved
highly successful, was equipped with

the latest type of hydraulic boom
mounted screw feed drifter drills with

8 ft. aluminum shells. Both decks

weie equipped with three 3V2 in.

piston machines using IVi in. round
lugged steel, the lower machines
being underslung with offset booms.

An additional 4V2 in. machine

moimted on a tripod boom and cen-

trally located between decks was used

for drilling the bum cut and square-

up holes. The upper deck was pro-

vided with hydraulically actuated

ílaps, which when raised formed a

platform 16 in. wide and 36 ft. long.

The jumbo was equipped with 6

in. and 4 in. air, water and drainage

headers which were coupled directly

into the tunnel service pipes by bull-

hoses, the latter discharging drainage

water from a vacuum pump located

on the lower deck.

The h\ draulic s>"stem was powered
by two air motors, and the main's

water pressure was boosted to 80
p.s.i. by a duplex air punip. DxTiamite

was handled to the upper deck by an

elevator driven by a tugger hoist.

Spare parts, including three complete

drills together with oxy-acet\lene

burning equipment, were carried in

purpose-made brackets on the jumbo.

The tunnel was excavated to a

nominal bore of 17 ft. 6 in. diameter

modified to a horseshoe shape to

facilitate subsequent concrete lining

operations.

The burn cut drilling pattem

which was adopted consisted of two

4 in. or 3^/2 in. diameter cut holes

widi a blast hole in between them. a

sweeper hole and six cut square-up

holes, ali 2Mi in. diameter, and drilled

off with the 4% in. machine using

IV4 in. hexagon sectional "carborized"

steel and series 600 timgsten carbide

insert bits. The remaining holes, in-

cluding the perimeter holes which

were spaced 2 ft. 6 in. apart. were

drilled off in blocks of ten by the

six 3^ in. machines using IVi in. di-

ameter round lugged carbon steel

with detachable tungsten carbide in-

sert V/s in. and 2 in. D thread bits.

A\ erage powder factors were:

5.1 Ibs cu. yd. for tunnel

8 Ibs cu. yd. for shaft pilot raises
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on jumbo

and
2.5 Ibs/cu.yd. for siashing down.
Each shift comprised a crew of

28 as follows:

Shift boss

Walking Boss

Jumbo Leader

9 miners

6 helpers

2 motormen
2 switchmen
1 electrician

1 pipefitter

1 mucking machine operator

1 dumpman
1 drill mechanic
1 oiler

On day shift only, there were
6 additional personnel as follows:

1 track foreman
2 trackmen
1 labourer

1 powderman
1 pumpman

The tunnel alígnment and grade
was maintained by an offset centre

Une and concrete monuments, each
face being marked up by an ínstru-

ment man and chain man with a

transit and radius chain.

Blasting was done electrically by a

220-v. circuit using 8 in. sticks of

IVi in. diameter 70% driftite and O to

14 long period X-107A detonators

with 20 ft. lead wircs.

Each shift was supplied with up
to 30 lengths of 8 ft. and 16 ft. and
8 lengths of 18 ft. round lugged steel

with 2 in. and V/s in. bits attached,

together with 10 lengths of sectional

Steel with couplings, 2V2 in., SVe in.

and 4 in. bits partly assembled.

At the outset and until January 3,

1958, first 12 ft. and then 14 ft.

rounds were drilled off until the crews
became fully conversant with the

equipment and maintained the re-

quired cycle of a round per shift.

A bit testing programme estab-

lished the make of bits with the best

performance for the type of rock en-

countered. Including test bits, the

overall footage obtained was 299 for

the D series bits and 296 and 451 for

the 4 in. and 2V2 in. 600 series bits

respectively. The bit life was consid-

erably increased when the operation

at the face became stabilized at 46
ft. per day and the steel shop tech-

niques were improved and under
better control. Thus for the latter

two-thirds of the tunnel the bit life

was 398 and 374 ft. respectively for

the 2 in. and V/s in. bits.

Likewise, the steel life figures

showed a similar improvement, the

8 ft. increasing from 245 to 818 and
the 16 ft. from 371 to 540.

The tunnelling crews received

production bónus for average daily

advances in excess of 28 ft. a day
and although there were many occa-

sions when the men would have pre-

ferred to break cycle and gain extra

rounds, they were restrained from
doing so in the interests of safety.

The accident record of no fatalities

and no serious injuries producing
permanent disability justified this

policy.

The average times spent on the

various operations for each shift were
as follows:

Drilling 2 hr. 30 min.

Loading
and blasting 1 hr.

Exhaust smoke
and lunch break 30 min.

Mucking, scaling

and cleanup 3 hr.

Laying track,

installing pipe,

setting up jumbo
and travelling

time 1 hr.

The job operated on a 6-day, three

8 hr. shift basis with a scaling shift

on the seventh day. The average

rate of advance over the whole length

was 40.5 ft. per day, but for the last

seven months when 16 ft. steel was
used the average was approximately

45 ft. per day.

Primers for ali three shifts were

prepared in advance by the dayshift

powderman and delivered to the tun-

nel in compartmented containers as

required.

Blasting was done electrically on a

200 V. circuit. The charge at the face

was divided horizontally into two

series, and by using a four-conductor

cable for the last 300 ft. the two

series were kept isolated until a dis-

connecting plug and socket 300 ft.

from the face was closed. In this way
induced voltages in the blasting leads

could not cause circulating currents

while the crew was in the vicinity of

the face. The blasting cable, which

was located along the spring line on

the opposite side of the tunnel to

the power cables, transformer sta-

tions and lighting circuits, ran from

this point to the blasting stations

locked switch. This was for the most

part outside the portal, but was later

moved inside the tunnel when tests

proved the noise frequency levei to

be tolerable. The crew wore ear

muffs when using the blasting station

inside the tunnel. Loading was aban-

doned when lightning storms were
imminent.

Immediately following the blast,

the mucking machine was moved up
to the face by the first muck train

and proceeded to clean up the scat-

tered rock whilst the smoke cleared.

We were fortunate in obtaining

permission to dispose of 100,000 cu.

yd. of tunnel rock in a nearby bay
on Little Dog Lake, which kept the

track grades down to 2% or less. This

allowed us to haul up to twelve and
eight loaded cars behind the 15 and
10 ton locomotivas respectively.

Some of the rock from the dump
was crushed, screened, and washed
to provide most of the coarse aggre-

gate required for the project's 60,000
cu. yd. of concrete. The triple roll

apron-fed portable crusher, which
produced 1,000 tons a day, was
equipped with an electro magnet for

removing tramp iron.

The underground haulage system
included four passing tracks 200 ft.

long arranged in pairs at the third

points along the tunnel, the first one
of each pair being equippel as a

servicing bay for the jumbo and
mucking machine. The tunnel section

was enlarged at the passing tracks,

which, together with the transfer

switch and transformer pocket slashes

at 275 and 1100 ft. intervals respec-

tively, were made on the fly without

affecting progress at the face.

The ventilation system, which pro-

vided 15,000 c.f.m. of air on exhaust

and 10,000 c.f.m. on blow, consisted

of a 24 in. diameter spiral weld pipe

in 40 ft. lengths, with banks of 4

conti-a-rotating axial fiow fans at

2,200 ft. intervals. It proved very

effective in that daily testing for

noxious gases from diesel and dyna-

mite fumes never showed a higher

concentration than the limits speci-

fied by the Department of Labour.

The pipes were transported and

lifted into position on two flat cars

equipped with cradled arms actuated

by hand-operated hydraulic rams.

They were suspended from the tun-

nel arch by % in. diameter cable

attached to two 18 in. eye bolts with

expansion shells.

Power was supplied to the site at

13.2 kv. from Kakabeka D.S. A trans-

former station set up 700 ft. out-

side the portal transformcd the 13.2

kv. star system to a 2.3 kv. delta

system. A higher voltage than 2300
would have presented insulation

problems, while at a lower voltage

regulation would have e.vceeded ac-

ceptable values unless a large cable

were used.

Power requirements were as fol-

lows:
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a) Vcntihition — Groups of four

fans eacli 25 h.p. wcie set in the ven-

tilatioii pipe at 2,200 ft. inteivals. A
haiik of three 25 kva. transforiners

w as iised for each group.

h) Miickinsi Macluiw — Two mo-
tors luul a total capacity of 130 h.p.

Thrco 37)2 kva. tiaiisfonners were
iised. One 37\í k\a. transformer was
kopt as a spare.

c) LtLihting — 3 watts per ft.

d) Electric Drainagc Fiinips — Dí

in. and 3 in. had capacities of IVa

and 3 h.p.

Ali cables in the tnnnel had to

satisfy Mining Regnlations. The main
distribntion cable was an armoured
Xo. 2 O size cable, rubber insnlated,

neoprene jacketed rated at 4 kv. The
cable carne in lengths of 1,100 ft.,

i.e., between transformer stations.

Pockets for the transformer stations

were slashed out dnring the tunnel

driving so that ali equipment could

be set safely back from the rail

tracks. Tunnel transformers were

filled with non-inflammable liquid

and had 4V4% taps for compensating

\oltage regulation.

Since no permanent eqnipment

could be installed within 300 ft. of

the face, a trailing cable 1,450 ft.

long was required to cover the 1,100

ft. between transformer pockets plus

this 300 ft. to supply power to the

face. This cable was type G, neoprene

jacketed for rough usage and rated at

1000 V. Voltage was transformed

down to 550 V. at the input end of

this line.

For lighting supply to the face a

single phase 600-120/240 v., 5 kva.

mobile transformer was kept 300 ft.

back from the face. This was con-

nected back to the 37/2 kva. trans-

former by 1,100 ft. of type W neo-

prene jacketed No. 14 cable also

wound on a reel.

For permanent lighting a 5 kva.,

2400-120/240 v. transformer was in-

stalled every 1,100 ft. Each trans-

former supplied lighting 550 ft. be-

hind and ahead of its position. Pin

t>'pe sockets were used for the lifts

in preference to pig tail sockets. The
main current path was a two con-

ductor, No. 2 PVC 600 v. cable sur-

plus from other jobs and with the

lamps being attached to shorter

lengths of one conductor No. 12 PVC
600 V. cable spliced into the main
cable.

During the winter, a 1,250,000

B.T.U. hot air oil-fired furnace, which
was piped directly into the ventilat-

ing system, raised 10,000 c.f.m. of

air 70°. This prevented a build-up

of ice at the portal and considerably

improved working conditions in the

tunnel.

The compressed air supply from
the central boiler and compressor
house, which had an installed capa-

city of 3,300 c.f.m., was piped to the

face through 12 gauge 6 in. diameter
spiral weld pipe. The water supply
and drainage system were conveyed
in 14 gauge 4 in. and 6 in. diameter
pipes. Ali three pipes were in 40 ft.

lengths connected together by cast

iron couplings with rubber seak, and
carried along the left hand tunnel

wall on purpose made triple rack pipe

hangers.

Drainage water was pumped into

the main line by 1/2 in. diameter, 220
V. submersible pumps and four sludge

tanks equipped with automatic 3 in.

diameter 550 v. submersible pumps
were located at 1,000 ft. intervals be-

hind the face.

A blacksmith's shop was set up
for threading, lugging and rehabili-

tating the IV4 in. round carbon steel.

This allowed us to make immediate
changes in the length of our steel, en-

sured adequate supplies with a min-
imum stock in reserve and dis-

pensed with heavy tiansportation

costs to and from the suppliers in

Eastern Canada. Final costs show
that, including the write-off of shop

equipment, steel costs were less than

those for buying steel ready made:
steel hfe was equal to or better than

that of manufactured steel used in

the initial stages. The four wing bits

were removed from the steel, checked

for gauge loss and insert failure, and

then sharpened with a semi-automatic

grinder or rejjlaced as required.

In addition, the blacksmiths pro-

duced thousands of buli horn pins,

pipe and cable hangers, track gauge
spacers, scaling bars and mining gads.

The two shafts, namely a 200 ft.

siu'ge shaft and a 300 ft. intake shaft.

were excavated by a relatively new
method which was developed in Swe-
den.

A pilot or cable hole was first

drilled from the surface to the tim-

nel. In the case of the surge shaft

a cliurn drill was used to drill a 9 in.

diameter hole. The rate of progress

was slow and it wandered about 5

ft. off plumb. Most of this deviation

however was in the last 20 ft. so that

by the time several rounds were taken

out the hole was near enough to

vertical to allow the cage to be used

in the next step. A 4 in. diamond
drill hole was iised for the intake

shaft. It remained within 1 ft. of

the vertical alignment and was drilled

in a third of the time.

However, during the raising of the
shafts it was found that there were
two serious disadvantages in the 4 in.

hole. Firstly, several rounds froze due
to its inadequacy as a bum cut whilst

preventing us from using a draw or

vee cut, and secondly blowing smoke
took five times as long.

A 5 ft. diameter steel cage was
suspended on a wire rope passing

through the hole from a geared dowTi

75 h.p. electric mine hoist on the

surface. Two men used the cage as

a platfoiTn to drill and load each 8

ft. round of the 6 ft. diameter pilot

raise, after which it was lowered to

the bottom of the raise and stowed

away for each blast.

The cage was hoisted to the face

after the smoke had cleared, any

loose rock being scaled down. It was
then wedged against the sides of the

raise by three spuds and six tele-

scopic arms at the sides and the top

of the cage respecHvely, the latter

being used to support a moveable
wooden drill platform.

Services — air, water communica-

tion lines, were paid out from below.

After the pilot raise was completed.

the shaft was slashed down to the

finished 17 ft. 6 in. diameter in 10

ft. rounds from the surface by a 10

man crew using 6 jackhammers.

A second cage 5 ft. square with

drawbridge style sides was used in

its closed position for hoisting the

men and materiais, plugging the raise

dnring drilling and loading, and in

its open position for scaling and gun-

iting.

Since the surge shaft was exca-

vated concurrently with the tunnel, it

was mucked out through a loading

hopper and chute, whereas the intake

shaft, which \\'as started after the

tunnel driving had been completed.

was mucked out from the tunnel

floor.

This method pro\ed to be con-

siderabK- safer and faster than con-

ventional methods, and further appli-

cation of the equipment would of

course make the method even more

desirable.

The rock in both the timnel and

shafts proved to be generally very

good with little water seepage. Steel

arch ribs were on the site to meet

an\' emergenc\', but were never used.

2,000 Roof bolts up to 10 ft. long

were required in the latter stages,

especialh- under the rock depression

pre\ iousl\' mentioned.

0\erlapping exploratory diamond

drill holes were carried ahead of the

face to antipicate adxerse rock or

(Continucd on page 122)
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THE DESIGN OF A DANIELS-BOYD

NUCLEAR STEAM GENERATOR
A 400 MW. (NET E)

POWER PLANT
Winnett Boyd, M.E.I.C., President,

Winnett Boyd Ltd., Montreal, Que.

J. Arthur Paget, M.E.I.C., General Atomics Division,

General Dynamics Corp., La Jolla, Califórnia.

P. Hamel, Orenda Engines Limited, Malton, Ontário.

A full description of the Canadian nuclear steam generator, suitable for use in a

public utility power station and incorporating an active circuit, helium cooled, cera-

mic reactor of the general type first proposed by Dr. Farrington Daniels.

THE DANIELS-BOYD Nuclear
Steam Generator (see Fig. 1) is a

device which utilized the heat from
uranium fission to produce high quali-

ty steam (2,400 psíG, 1,050°F.) for

the generation of electricity in large

public utility power stations. It has

two major advantages over the other

nuclear steam generators at present in

operation or under construction. These
are:

(a) The power output has been
greatly increased in spite of re-

duction in size and/or complex-

ity;

(b) The overall thermodynamie
efficiency in the conversion of

heat to electricity has been in-

creased to 33V2%.

Both these advantages stem from
the high reactor core temperatures

which have been made possible by
eliminating from the core non-refrac-

tory materiais such as metais. Because

of this and other improvements, a nu-

clear power station incorporating a

Daniels-Boyd Reactor (DBR) in its

present form will produce electrical

power in Canada at a cost competi-

tive with that from the most modern
coal-fired stations. Moreover the de-

velopment potential of the DBR is

such that power costs will decrease

significantly as operating experience

is gained, since the present design

parameters are deliberately conserva-

tive.

Description

Superficially the Daniels-Boyd Nu-
clear Steam Generator greatly re-

sembles the equivalent devices found
in the English nuclear power stations

now under construction, particularly

those at Bradwell, Hunterston and
Hinkley Point. In both designs the

heat producing reactor core is con-

tained in a steel sphere about 70 ft.

in diameter filled with the primary
cooling gas under pressure (200 psiA

for Hinkley Point and 215 psiA for

the DBR). In both also this so-called

cooling gas (COi' for the English re-

actors, helium for the DBR) is circu-

lated through the reactors and the

heat exchangers or steam raising units

where water is boiled and the result-

ing steam is superheated. The super-

heated steam is then used to drive

conventional steam turbines coupled
to generators. Howe\'er, due to the

Fig. 1 Daniels-

Boyd Nuclear
Steam Generator.
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lov\ DpiT.itiug ItMiiporatiuos ot the

Englisli reat-tors, tlie steani turbines

associatod witli them aro low temper-

ature and pressure affairs and can-

not therefore be bnilt in the very

large sizes required for modem public

utilitx' power stations. By comparison

the niost niodern t\pe of tnrbo-gen-

eratoi' can be used in a power station

incorporating a D-B Nnclear Steam
Generator and we ha\e, in fact, ob-

tained a preliniinary qnotation on a

snitable 450 M\v. unit.

Tlie D-B Nnclear Steam Generator
is based on tlie nse of a mildly active

circnit. This resnlted from the reason-

ing tliat if a reactor is designed for

a closed cooling circuit and appropri-

ate scavenging,** then cladding or

*See Addendum.

canning as it was originally called,

can logicalK' be eliminated. The can-

ning tradition began with the early

plntoniimi production reactors in

which atmospheric air or river water
was circulated for cooling. Thus fis-

sion prodncts conld not be allowed

to get into these coolants which were
subsequently discharged. Consequent-
ly ali the fnel elements were canned.

This was possible because with the

low reactor temperatures which could

be used, the cans conld be made of

relatively cheap metal which was
reasonably compatible from the nu-

clear point of view and at the same
time sufficiently corrosion resistant.

Transplanting of this canning phil-

osophy into closed circuit high tem-
perature reactors, and using of can-

Fig. 2. Sectional elevation A-A.

ning materiais whose value exceeds

that of the uranium fuel itself, is a

peculiarity of existing power reactor

designs which seems unlikely to sur-

vive in central station practice.

In fairness to the British it must

be admitted that since the canning

of the Calder Hall type fuel elements

Fig. 3. Sectional plan B-B.

was required to provide the necessar\'

cooling area, it \\ as logical to use it

to contain the fission products. But
in a high temperature gas cooled re-

actor where the onh' reason for

canning is fission product contain-

ment, we doubt that the practice will

survive the test of time.

The use of even a mildly acti\'e cir-

cuit requires that the heat exchang-

ers or steam raising units be shielded,

that special provisions be made for

servicing such tliings as the maín gas

circulators etc, that a continuous gas

purification system" be provided.

and that a sxstem of fuelling be de-

vised that requires the ver\ minimum
number of access openings into the

active circuit. The high gas tempera-

tures that are necessary to produce

modern quality steam require special

design provisions if the equipment in

the gas circuit is to be fabricated

from carbon steel. These were the

problems that faced us when we set

out to design the D-B Nuclear Steam

Generator.

The heart of this generator is an

approximatelv cubicai shaped (actu-

ally 36 ft. long x 38 ft. high x 40 ft.

wide), graphite moderated, uranium

monocarbide fuelled nuclear reactor

or "pile". (See Figs. 1, 2. and 3). The
size chosen was the largest for which

there was precedent. i.e. the maximum

•This becomes a part of the Soavengiug
System—See Addendum.
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Fig. 4. Graphite pile.

size that would fit into a 70 ft. diam-

eter sphere. We found that the high-

cr operating temperatures possible

with such a pile would permit a heat

output of 1,200 Mw. With modern
turbine efficiencies this is somewhat
more than enough for a gross elec-

trical capacity of 460 Mw. which will

give a net sent-out of 400 Mw. (E).

The pile itself differs from the Calder

Hall type by virtue of having hori-

zontal rather than vertical fuel ele-

inents although it does have vertical

cooling flow. This is the first and a

very important novel feature of the

design.

Horizontal fuel elements were
chosen in preference to vertical ones

because ceramic fuel elements are

inclined to be brittle and thus can-

not be easily loaded into the reactor

from the top (in tension). The only

alternatives therefore are vertical

fuel elements with bottom charging

or horizontal continuously supported

fuel elements. We chose the latter

as bottom charging machines seri-

ously compromise the pile support

structure and vice versa.

Fig. 4 shows that the pile itself is

an assembly of the three basic types

of graphite blocks. This results in a

pile which has horizontal through-

holes for the fuel elements, arranged
on an 8 in. square lattice, with a

series of vertical sinuous passages

through which the cooling gas (heli-

um) flows upwards from the bottom
to the top. At regular intervals (32 in.

centres), the moderating blocks have
large vertical holes to accommodate
120 vertical control rods. The com-
plete pile is prevented from collaps-

ing outwards by a restraining struc-

ture, a portion of which can be seen

in Fig. 2. This is assisted during op-

eration by the positive pressure dif-

ferential which exists between the

outside and the interior of the pile.

The fuel elements themselves, or slugs

as they are called, (see Fig. 5) are

pushed through the horizontal holes

in the pile by the Charge-Discharge

machines which will be described

later.

The fuel elements, which are 12

in. long and 1% in. outside diameter,

are made of Vi in. thick uranium

monocarbide wafers contained in por-

ous graphite sheaths. Obviously, dif-

ferential expansion clearances must
be provided between the fuel wafers

and their sheaths as well as between
the outsides of the sheaths and the

horizontal pile holes into which the

slugs are charged. However, this must
be done without seriously affecting

the flow of heat from the fuel wafers

to the helium cooling gas on the out-

sides of the fuel channel tubes. It

is accomplished by means of a rather

simple arrangement which is the sec-

ond and equally important novel fea-

ture of the design.

In Fig. 6, which is a cross section

of two fuel elements in their fuel

channel tubes, the fuel wafers are

in the centres. They are surrounded

by the graphite sheaths which in

turn are surrounded by the fuel chan-

nel tubes. The helium coolant flows

around the outsides of the fuel chan-

nel tubes from the bottom to the top.

If the fuel wafers were truly circu-

lar and of a smaller diameter than

the hole in the graphite sheath, then

line contact between the two is ali

that could be expected. However, if

the peripheries of the fuel wafers

comprise the ares of three circies,

each having the same radius as the

bore of the graphite sheath but with

different centres, then each wafer

must contact the bore of the graphite

sheath for 120° of are. As there are

44 fuel wafers in each slug, the av-

erage effect will be that the fuel

wafers will contact the bottom third

of the graphite sheath. Further, it

will be appreciated that with this de-

sign, as large a clearance as required

can be left at the tops of the wafers

without adversely affecting the bot-

tom contact.

A somewhat different arrangement

is used to ensure good thermal con-

tact between the outsides of the fuel

slugs and the bores of the fuel chan-

nel tubes. The outsides of the fuel

slugs are made circular while the

bores of the fuel channel tubes have

troughs machined in them which ex-

tend over the bottom 120° of are.

These troughs ha\e radii equal to

the outside radii of the fuel slugs.

Thus the slugs will settle into the

troughs and good thential contact will

result.

Heat transfer calculations based

on this arrangement and using ap-

propriate contact áreas, film coeffic-

ients and material conductivities, in-

dicate that adequate heat transfer

will be obtained, that 75% of the heat

flows through the lower half of the

assembh' with 25% going through the

upper half, and that the maxinium

Fig. 5. Fuel slug.

TTT
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\\w\ ttMiiperatuio witliin the pilo will

1h' ot tlu- orcliM- oí 2.900 °F. at full

Id.kI \\ ith a conospondiíijí fuel slug

surtace temperatura of 1,800 °F.

Since the caleulatious lor the above
were made, iutorination trom Ger-

main' has indicated tliat the decrease

in the thermal conduetivity of uran-

ium monocarbide with increased tem-

peratine is more severe than was first

thought." The data are as yet scanty

but, if true, will necessitate some fuel

eleuient redesign to maintain the

abo\e low fuel element temperature.

Ho\\e\er. little difficulty is antici-

pated iu doing this, and two possible

solutions are the use of a graphite

core inside an amiulus of uranium
monocarbide or the use of a mixed
(cermet) fuel made of uranium mono-
carbide and graphite.

Having evolved a satisfactory high

temperature pile design, the next

task was to design a gas circuit which

could cope with the high tempera-

ture gas coming from the reactor and
direct it through appropriate steam

raising devices or heat exchangers

for the purpose of producing high

c}uality steam. By examining Fig. 2

it will be noted that the gas flow in

the main circuit is upward through

the pile, through the ducts to the

tops of the heat exchangers (each 21

ft. 6 in. I.D. x 90 ft. high), down-
wards through the heat exchangers,

through the single stage centrífuga!

blowers and from thence back to the

bottom of the pile.

The steam conditions decided upon
were the highest that modern central

station turbines can handle, i.e. 1,050

"F. and 2,400 psiC at the throttle.

However, to get as large a gas tem-

perature drop as possible through

the heat exchangers (and an equally

large rise through the pile) in order

to keep the gas flow and thus the

pumping power to a minimum, it was

decided that a dual pressure system,

similar to that employed at Calder

Hall, was required. The steam condi-

tions chosen for the low pressine por-

tions of the heat exchangers were
950 °F. and 600 psiG. The estimated

quantities of steam that can be pro-

duced are 2,132,000 Ibs./hr. of

H.P. steam and 1,180,000 Ibs./hr. of

L.P. steam.

To produce the above steam and

yet keep the heat transfer area in the

heat exchangers within reasonable

limits, fairly high gas to steam (or

water) temperature differences had
to be used. Thus it was decided that

the helium coolant should have a

maximum temperature of 1,250 °F.

and a minimum temperature of 450
°F.

This top gas temperature is well

above the maximum to which carbon

Steel pressure vessels can be sub-

jected, and as alloy steels could not

be considered because of cost, the

incentive to "invent" a suitable high

temperature gas circuit obviously ex-

isted. It was reasoned at the outset

that if carbon steel pressure vessels

were to be used they would have to

be internally insulated. The choice of

internai insulating material was al-

most obvious, i.e. it had to be some-

thing that would not "foul" the pile

if it "dusted". The only material that

comes within this category is com-
mercial carbon. While this material

has the same excellent thermal shock

resistance as graphite, it has a ther-

mal conduetivity only one tenth that

of graphite and considerably below
that of magnesia at the temperature

at which it will be used.

Even with internai insulation the

carbon steel pressure vessels would
heat up if they were not externally

cooled. At first it was thought that

air cooling would be adequate but

it was not long before the idea of

Fig. 6.

externai water flooding was evolved.

This came about logically and is the

third novel and very important fun-

damental feature of the design.

With an acti\e cooling circuit, the

heat exchangers and ducts as well as

the reactor itself must be shielded.

This means that massive concrete

shielding walls must be buUt around

ali these pieces of equipment. In

short, the equipment will be housed
in the equivalent of concrete tanks.

Thus, it was reasoned that if these

concrete tanks were steel lined (to

prevent water leakage) and filled

with water, the carbon steel pressure

vessels would be adequately cooled

with many other desirable results.

One of the most important of these

is that very uniform vessel tempera-

tures can be maintained. This prac-

ticalh' eliminates differential ther-

mal expansion and the necessit\ for

expansion joints in the ducts. This in

turn means that the ducts do not

have to be kept in one plane which
results in a ver\ compact arrange-

ment. (See Fig. 3). This is best illus-

trated by stating that the building

volume of a D-B Nuclear Steam Gen-

erator is somewhat less than that for

the equi\alent modern coal-fired

boiler.

Another desirable result of this

externai water flooding is that it con-

•This has since been contradicted by a
paper entitled "Tlie Physical Properties
of Uranium Monocarbide " b.v F. Rough
(BMl) and C. A. Smith (AU presented at

the December 1958 meeting in Detroit of
the American Nuclear Society which in-

dicates that the thermal conduetivity of
UC improves above about 500''C.
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ilibutes substantially to the shielding

,ind completely eliminates the so-

called "thermal shield" which in other

power reactors is made of very thick

Steel or cast iron. Yet another is that

the externai water flooding permits

the entire pressure circuit to be hydio-

statically tested after it has been
erected in placa and prior to the

"internais" being installed. Th is is

a most important safety feature.

Many secondary advantages stem

from this externai flooding of the

primary gas circuit. Among them is

the fact that a higher internai gas

pressure can be used. Another is that

the main gas isolating valves can be

of the spherical type with water

cooled spheres and double seats (see

Fig. 7). This renders them almost

insensitive to the internai gas tem-

peratures and means that still higher

gas and steam temperatures are pos-

sible with this type of nuclear steam

generator. Another advantage of the

water cooling is that the actual pile

support structure, which consists of

hollow columns, box girders and box
beams, can be internally water cooled.

This structure can be seen in Figs.

2 and 10.

Because of the active circuit special

attention had to be given to the

design of the main blowers and their

driving motors as well as to the

various other items of equipment
which penetrate the active circuit

from the non-active regions. The
main blowers, motors and pony motors

are illustrated in Figure 8. It will be

observed that they are completely

"canned" assemblies. Active helium

can be prevented from entering the

Fig. 8. Blower assembly.

motor cans, as well as

gas filled devices that

ali the other

protrude be-

Fig. 9. Charge-díscharge machine.

*.C24 H-C£4 Wt4 R-H24

Rear View of "C"—"D"
Machine lookinií on face of Reactor

yond the shielding, by continuously

flowing purified helium into them.

This helium will come from a puri-

fication system having a capacity of

200 cfm at 200 psiG. The heíium

pumps u,sed in the purification s\stem

will be metallic diaphragm CORBLIN
pumps which are made in France.

These are very cunningly designed

affairs in which the metallic dia-

phragms are relieved of any stresses

other than their own flexural stresses.

Thus they are axailable as compres-

sors in standard sizes ranging from

60 cfm, 210 psiG in one stage to

18 cfm, 3,700 psiG in two stages.

The compan\' has also made a high

pressure machine having a deli\ery

pressine of 1.5,000 psiG.

The method of charging and dis-

charging the fuel slugs tliat was
evolved for the Daniels-Bo\ d Reactor

is the fourth important fundamental

feature of the design. In tackling the

problem the premise used was that

the number of openings into the

active circuit must be kept to a niini-

miun. Obviouslv the absolute mini-
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Fig. 10. Fuelbng system.

nuim is oiu'. l lu' luwt hosl is two aud
the s\stein wliicli \\o have evolved
requires oiil\ thieo: two inlet and
onc disdiarge. The hearts of the
SNstem (for it has two to pormit hi-

diiectioiíal fnelling) are the Charge-
Disehariío or C.-D inaeliines ilhistra-

ted iu Fig. 9. Eacli of these consists

of a magazine, an indexing s\steni,

a rain. a frame and appropriate
wheels. All o( tlie motions in the

C.-D niaehines are operated by 500
psi hehnm. The machines themselves
operate on horizontal static tracks

bnilt witliin the reactor pressure

sphere (see Figs. 10 and 11) and
incidentally, only static devices
reniain in the sphere. All the pieces

of niechanism which niight require

Miaiiitenance are retractable from the
spiiere.

The C-D machines are lowered
into the sphere on track equipped
dollies which run on vertical tracks

e.xtending from the elevator heads
as seen in Figs. 10 and 11 down to

the bottom of the pile. Each of the

ele\ator shafts is equipped with a

spherical isolating valve having
donble seats and as large a sphere
as is required for shielding when
closed. Below each elevator head is

a diameti-ically split lead gate with
hose and cable slots. These gates are

kept closed at all times except when
the C-D machines are passing
through. The entire elevator heads
are removable and are internally

shielded with lead to protect main-
tenance personnel. When in use they
are surrounded with additional remov-

Fig. 11.—Below: Fuelling system.

Fig. 12.—Right: Elevator dolly locking
and hoisting arrangement.

able concrete shielding to protect

personnel from the radiation emanat-
ing from "Hot" slugs.

An interesting featiu-e of the eleva-

tor heads is that there are no shafts

or other dynamic devices projecting

through them from the active circuit.

This also applies to the rest of the

reactor and it is the reason why we
think that the helium system can be
made gas-tight. All of the active cir-

cuit joints, with the exception of

the maintenance joints, are welded.

All of the maintenance joints are

static and are located beyond the

regions of high temperature and high

activity. Thus organic gaskets can

be used, and we have found that

such joints can be made helium-

tight. Finalh- all of these maintenance

joints face purified rather than active

helium. This is a desirable safety

feature should small leaks actualh'

occur in any of these joints.

One rather important featin-e of

the Charge-Discharge system is the

method of locking the elevator dolly

onto the horizontal tracks vvithin the

reactor sphere. This is done ín such

a wa\- that it cannot be unlocked

until the C-D machine returns to it.

The de\ice is illustrated in Fig. 12

and depends on the fact that wliile

the dolly locking mechanism is on

the dolly, the ke\' for it is on the C-D
machine. Thus, when the C-D
machine has moved away from the

dolly along the horizontal tracks, the

dolly cannot be unlocked and with-

drawn.

In operation the fresh fuel slugs.

which will be shipped in helium

filled, solder sealed tins similar to

English cigarette tins, are loaded into

the C-D machines through helium

filled atmospheric glo\e boxes and

gas locks on the two elevator heads.

Spent fuel shigs are discharged from

the C-D machines in the elevator

heads into turning dex ices and thence

into discharge tubes. The spent .slugs

slide doNMi these discharge tubes

under the influence of giavit\" and

end up in a spent fuel slug canning

machine which is enclosed in a pres-
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i

!

! sure shell and operates in helium at

I

pile pressure. In this machine the

j

spent slugs are put into carbon steel

' containers (two to a container) which

;
have end caps welded onto them.

The filled containers are then dis-

ij charged into a shielded flask through

i
a helium lock. They are then trans-

I

ported by this flask to a surface

'i decontaminating bath and after this

í operation is completed, they are put

I

into a cooling pond for médium term

storage before being sent to the

chemical processing plant.

Nuclear Physics

While the engineering work on

the overall D-B Nuclear Steam
Generator was in progress, a series

of calculations was made, with the

aid of desk calculators and a Data-

tron digital computar, on the nuclear

physics of the pile itself. Naturally,

with the limited time and man-hours
available, our accomplishments in

this field were limited. We did, how-
ever, make calculations of optimum
lattices, of the excess reactivity vs.

temperatura (see Fig. 13), of the

effect of graphite purity and bulk

density on initial reactivity (see Fig.

14) and of the probable burn-up that

niight be expected with this type of

reactor.

It will be appreciated that because
the Daniels-Boyd reactor is nothing

more than a helium cooled hetero-

geneous assembly of uranium mono-
carbide and graphite (325 tonnes of

UC and 2,540 tonnes of graphite)

a tH *M tm itc fi4« i.-««..t»>

without any parasitic material, it

will have as high a nuclear efficiency

as it is possible to obtain with a high

temperature, graphite moderated gas

cooled reactor. This was confirmed

by our reactivity and burn-up calcula-

tions. However, very modest enrich-

ment was found to be necessary

because of fission product poisoning

and the net deterioration of the neu-

tron reaction cross sections with tem-

perature.

Although it was not possible to

fuUy optimize the pile, it was cal-

culated that for an optimum lattice

with an 8 in. pitch and a fuel element
diameter of IVi in., the isotopic con-

centration of U-''' in the fuel would

1

^
trrtn .1 otAmin pionmiij

fuliIY 1. TtlW.1

* * «w

S» 40 *o J5fc_ t fr n I h fM

Fig. 1.3.-Left.

Fig. 14.—Above.

have to be increased to 0.75% for

the reactor to remain criticai after

a cold, clean start. Also, preliminary

calculation further indicated that a

burn-up of about 4,200 MWD/tonnes
could be expected with 0.8% initial

U^^'* content and 9,800 MWD/tonnes
with 1.0% initial U"^ content.

Economics

Because of variations in account-

ing practices and financing charges,

uncertainties about the cost of pluto-

nium and similar uncertainties about

the long term cost of uranium, it

must be strongly emphasized that the

power costs expressed in mills are

not directly comparable with such

cost figures produced by others.

In arriving at the figures quoted

we used the foUowing assiunptions

based on the most conservative prac-

tices used by the Hydro Electric

Power Commission of Ontário:

Fixed charges 8y2%perannum
Fuel inventory 4% per annum
An allowance of $1.00 per kilowatt

per year was made for insurance and

contingencies, and the operating cost

was based on the figure of 0.90 mills

per kwh. as given on page 128 of

the Ninth Annual Supplement of the

Federal Power Commission's Report

F.P.C. S-127 on steam-electric plant

construction cost and annual produc-

tion expenses as applicable to the

500 Mw. .
Philip Sporn plant at

Graham, VV. \Mrginia.

In the absence of other data

natural uranium was costed at the

U.S. Atomic Energy Commission

price of $40 per kilogram and enrich-

ment costs were taken from the

A.E.C, table of charges for enriched

uranium.

A complete 400 Mw. station (see

Fig. 15 which illustrates an 800 Mw.
station) is estimated to cost SlOO

Fig. 15. General arrangement of an 800 MW. nuclear power station.
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Table I

Estimated Power Cost

Milk per Kwh.
Capital charges at 8^% oii $100,000,000 assuming 400Mw. Operation

for 7,000 hrs. per year 3.030
Fuel inventory at 4% on 118,644,000 0.266
Fuel Costs 2.135
Spcnt Fuel Cans 0.042
Insurance and Contingencies—$1.00 Kw./year 0.143
Opei-ation based on the Philip Sporn Station 0.900

TOTAL 6.516

miliiou 01 $250 per in.stallod kilowatt.

Of this aniout $40 miliiou or $100
per iiistallod kilowatt represents site

and plant costs equi\alent to those

of a coal-fired station Icss the boilers.

Tlie roinaininjí $60 inillion or $150
pcv installed net electrical kilowatt

rcprosonts a preliminary approxima-

tioii to the cost of the 400 Mw. (net

E) Nuclear Steam Geuerator and its

associated building and equipment.

A detailed engineering estimate

indicatcd that the fabricating cost of

each fuel slug would be approxi-

niately $21. According to one preli-

nunar\- stndy that was made, the

reactor w ill contain about 100,000
natural uranium slugs and about

8,000 enriched slugs. The following

power cost estimate was based on this

and is considered to be conservative.

A Computer program, which would
ha\e determined the optimum rela-

tionship between burn-up and enrich-

ment, was undergoing computer trials

w hen design work was stopped. Also,

detailed reactor cost estimates were
wcll advanced at that time but experi-

mental fuel element fabrication had
not begun.

With these reservations the power
cost shown in table I can be com-
pared with about 7 mills per kwh.
(based on the same costing assump-
tions) for the original R. L. Hearn
station of the Ontário Hydro.

Also since preparing the original

manuscript, it became apparent that

our reactor arrangement is an ideal

one for the incorporation of a gaseous

and volatile fission product scaveng-

ing system. This, we found, could be
added without compromising the

reactor in any way and its basic

design has now been completed.

This added featin-e, together with
ceramic fuel, graphite moderation and
heliuni cooling gives the Daniels-

Boyd reactor great inherent safety.

The vast heat sink of the graphite

plus the very high melting point of

the ceramic fuel renders the reactor

almost completely immune to the

effects of blower power interruptions

and short time power excursions. In

the very unlikely event of a structural

failure in the main cooling circuit,

a minimum amount of activity will

be released to the atmosphere because

the gaseous and volatile components
of the fission products will have
already been scavenged from the

system and confined in separate con-

tainers.

On the other hand the type of gas

cooled reactor now being built in the

U.K. does not enjoy such safety ad-

vantages. This is due to the very smaU
margin that exists between the opera-

ting and melting temperatures of

their magnox canning. Such reactors

will thus be more sensitive to blower
power interruptions and short time

power excursions. And in the event

of a structural failure in the main
cooling circuit, some of the magnox
canning will most probably melt and
as a result, release a portion of the

concentrated fission products to the

surrounding countryside. In spite of

this however, the English consider

their reactors to be sufficiently safe

to build them in large numbers and
without the American type of safety

containment.

Conclusions

1. We believe that the onl\- t>pe
of nuclear power reactor that

will survive the test of time in

the public utility power busi-

ness, i.e. that will produce
competitive power, is one which
can generate steam at present

day temperatures and pressures,

can be made with the existing

types of boiler making and
heavy engineering machinery,
can be made of present day
engineering materiais, can be
safeh- operated hy average
plant personnel and IS SELF-
SUSTAINING (icith appwp-
riatc chcmical processinsi) AS
FAR AS ENRICHMENT IS

CONCERNED.
2. The helium cooled, active cir-

cuit, graphite moderated, car-

bide fuelled, ceramic reactor

appears to be the only t>pe

that will satisfy the abo\e
requirements.

3. The Daniels-Boyd Nuclear
Steam Generator incorporates

such a reactor and is an

engineering contiibution to the

solution of the problem of eco-

nomic public utility luiclear

power.

(Contimicd on page 122)
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Table II

Eslimaled Power Co.sls from a 400 Mw (Net E) Power Station
Incorporating a DanieLs-Boyd Nuclear Steam Generator

Mills/KwH. @, 7000 Hrs./ Yr. (80%)

Type of
Estimate

Very Conservative . .

0.78% V235
3000 MwD/T.
2900°F. max.
fuel temp.

6.9

Les.s Conservative but perhaps
more Realistic Fuel Costs. .

Ditto and using Chalk River's
Basis for EstimatingI 1) . . . .

6.5(2)

6.0

1.0% U235
9800 MivD/T.
2900°F. max.

fuel temp.

5.7(4)

5.3

4.8

1.0% U2S5
9800 MwD/T.
S500°F. max.

fuel temp.

5.3(3)

(4)

4.9(3)

4.4(3)

Power Costs Based on (except as noted)
(a) 81/2% Capital Charges.
(b) 4% Fuel Inventory Charge.
(c) No Plutonium Credit.

(d) $250/Kw(E) Power Station Capital Cost.
(e) A.E.C. Prices for UO. and UF„.
(f) Estimated Fuel Conversion and Fabrication Costs.

(g) Estimated Spent Fuel Can Costs.
(h) 1.04 Mílls/KwH for Operation, Insurance and Contingencies.

NOTES
(1) 7.6% Capital and 41/2% Fuel Inventory Charges

0.75 Mills/KwH for Operation, Maint. and Supplies.
(2) Figure in the Body of the Paper.

(3) $217/Kw(E) Power Station Capital Cost & 500 Mw (Net E) Power
Output

(4) Recommended Figures to Quote for Present and Future Power Stations.
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DISCUSSION
of Technical Papers and Other Articles

Magnetic Amplifier Control for Reversing Hot Mill Auxiliaries

R. L. Duke and L. R. Hulls

Canadian Westinghouse Company, Limited, Hamilton, Ont.

The Engineering Journal, 1959, Julij, p. 89

W. G. Wright»

BEFORE embarking upon a specific

discussion of the technical points

raised in the paper, I would like to

make one general observation. The
authors' paper is an excellent example
of the care and insight which electrical

engineers must use in order to enable
a piece of production machinery to

deliver the goods. Time was, that

provided you had a starter and enough
horsepower, you were in business.

Now the ultimate limit on production
(and hence return on investment) may
well be the performance of the elec-

trical system. The present paper
demonstrates this admirably and. I

might add, very lucidly.

The Canadian General Electric has
never been quite so ready as Cana-
dian Westinghouse to use push pull

magnetic amplifiers for direct excita-

tion of DC generators. Instead we
have preferred to use a rotating ampli-
fier driven by small control magnetic
amplifiers. Our reasons for this are

as follows:

(1) In order to get two fully rated
fields on the generator we usually end
up with a more expensive generator
which offsets any economy brought
about by eliminating the rotating

amplifier.

(2) The performance of both sys-

tems may be perfectly matched to

the application but we believe that

the rotating amplifier circuitry is

simpler for an electrician to follow.

Perhaps this is a matter of how the
circuits are drawn. A three phase push
pull magnetic amplifier circuit with
ali its attendant filtering may be quite
complicated. However, it may be
made to look simple if these devices
are drawn as blocks with input and
output terminais.

Í3) Commutators and bearings pre-
sent a maintenance problem on the
larger machines rather than small

* Specialist — Metal RoUing & Processing
Engineering, Systems Application Engi-
neering. Apparatus Department, Canadian
General Electric Co. Ltd., Peterborough,
Ont.

rotating amplifiers. Thus the bearing

and commutator difficulties really

stay with you even though the main
amplifier has been made static.

(4) Since we keep our control

magnetic amplifiers small (about 75
VA) we can usually make them 60
cycle. Even if we do go to a higher

frequency we are able to generate this

by small frequency multipliers rather

than supplying a high frequency gen-

erator.

The above is a brief review of a

difference in viewpoint which has

been going on for some time now. It's

probably really due to our respective

accounting systems and so will never
be resolved.

I wonder if we will get in unison

again when the power generators

themselves are replaced by static de-

vices.

In conclusion I would like to ask

the authors to expand a couple of

points which aroused my curiosity.

(1) Referring to the block diagram
we see that the feedback has a gain

of 7. A typical output voltage of a

bloom mill auxiliary is 500 volts. This
means the input pattern is 4000.
This is a very large number if it

refers to ampere turns. In other

v\'ords, I am saying that with a total

loop gain of 7 I would expect the

feedback gain to be .1 and the for-

ward gain 70.

(2) The speed amplifier is outside

the regulating loop. Are these mag-
amps biassed to their midpoint, and
if so how do you ensure freedom
from drift?

(3) A time constant of 2 seconds
for a 150 Kw. generator having two
fully rated fields seems somewhat low.
Is there anything special about this

machine such as small air gap or

laminated frame.

G. L. D Ombrain'*

Dr. G. L. D'Ombrain of the McGill
University also raised two questions

* Professor, faculty of Electrical Engineer-
ing and Chairman of the Department,
IMcGiU University, Montreal, Que,

from the floor and the foUowing is

our interpretation of his queries.

1. How are time constants deter-

mined by calculation or by test?

2. Please elaborate on the step or

steps taken from the open loop trans-

fer function to the characteristic equa-

tion. Is the characteristic equation de-

rived from the closed loop transíer

function?

R. B. Comell»

I congratulate the authors on their

paper. It describes an excellent

method of controlling Reversing Hot
Mill auxiliaries.

The importance of prompt reversal

and fast acceleration of these auxil-

iaries can be appreciated when we
note that the mill would make about

23 passes to reduce an ingot and this

would require about 190 seconds. If

the time required to reverse the ingot

and return it to the mill was increased

by only 1 second per reversal, it

would add 23 seconds to the rolling

time and decrease production by 12%.

On the slide, fig. 1, four motors

totalling 275 hp. are shown connected
to one 150 Kw. generator. The motors
are selected to accelerate the rolls and
the share of the ingot that is driven

by those rolls. When rolling begins,

the ingot may rest on only two rolls

and these must have motors powerful
enough to accelerate the rolls and the

whole ingot.

The table section would probabl\

have 15 rolls, and two of which could

be called on to accelerate the ingot.

Therefore, ali of the motors are cap-

able of the same output per roll, but
only two of them are delivering full

output.

The generator is selected to supply
the acutal loa d and not the connected
load. The difference between genera-

tor capacity and total motor ratings

decreases for table sections farther

from the mill because when the bar
being rolled becomes long enough to

reach these rolls, each roll would be
supporting the same share of the bar.

•Engineering Department. Dominion Foun-
dries and Steel Limited, Hamilton, Ont.
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Thi' Autliors

llic ifiisons given by Mr. Wright
tor usinjí lotating exciters lather thau

push-pull iiiajínctic ampliticMS for gen-

orator t'\(.itation oii icvcrsing drives

iiuTÍ! aclclitional coniment.

1. It is our contention that magnetic
amplitieis feediíig diiectly to genera-

tor slumt fields, providos a simple and
rcliable dt-vice. Tlie sliglit additional

cost of thc two ficld windings is more
tlian oitset by tlie eliniiiiation of the

field exciter. Tliis iiot oiily eliminates

an item that requires regular main-
tenance but also saves the purchaser
from supplying the building space,

mounting details, starter and wiring

that must be fiirnished for installation

of additional rotating equipment.
2. Witli regard to simplicity, a two
delay systeni is inherently more stable

than a three delay system and there-

fore requires little or no stabilizing

feedback. Our practice is to use single

phase MAGAMPS almost exclusively

and experience has indicated that

filteríng circuits are seldom required.

These factors permit the regulator to

be designed for the ultimate in sim-

plicity and ease of calibration.

Dr. S. D. Lash, m.e.i.c." asked whethi-r
the problem had any fundamental solii-

tion applicable to ali port conditions and
situations or whether each port had a

particular problem refiuirinfí solution.

Dr. J. A. Langford,§ conimented that he
had been working on the problem of
erosion on the shores of Lake Ontário
for many years and was glad to see
some further work being done by the
authors. He cautioned, however, against

solutions which díd not take ínto effect

ali conditions and in particular the solu-

tion of a harbour siltation problem which
resulted in even worse erosion of tlic

down-drift coast.

Mr. A. U. Sanderson, M.E.i.c.f com-
mented that in his long experience of

conditions in the Toronto region the

vvorst erosion and drift appeared to

occur during the winter storm periods.

He was also of the opimon that viscosity

played a major role in the rate of

drift. Viscosity had an important bear-

ing and wondcrcd if the authors had
considered the effect of building a break-

3. Any DC machine requires regular

niaintenance regardless of size and a

multiplicity of small machines can be
more trouble than a few largar units.

4. The performance can be obtained

with 60 cycle MAGAMPS but where
a large number of systems are re-

(juired the 400 cycle supply can be
justified on the basis of smaller more
economical reactors, improved char-

acteristics, isolation from mill distri-

bution voltage disturbances etc.

The following is in reply to specific

questions by Mr. Wright.

1. The system analysis is not affected

by the location of the gain in the

closed loop. For the sake of simplicity

it has been lumped in the feedback

loop in the block diagram but in the

physical system it is distributed essen-

tially as indicated by Mr. Wright.

2. The speed amplifiers are biased to

their mid-point as suggested and to

ensure freedom from drift they are

provided with voltage feedback,

which was not indicated on the dia-

gram in Fig. No. 1.

3. The auxiliary generators have solid

frames, standard air gaps and do not

include any specíal features to obtain

a low time constant. They do, how-

water sensíhly parallel to the existing

up-drift breakwater in an effort to create

a venturi-flume effect which would gi\e

the littoral currents sufficient velocity to

by-pass the harbour entrance.

Mr. R. F. Leggett, m.e.i.c.Í wondered if

the authors were correct in assuming that

river flow into various lake-shore har-

bours had little effect in producing silta-

tion.

Dr. W. D. Baines,# pointed out that the

problem of littoral drift was one common
to ali Canadian shores, lake or ocean.

Sínce conditions were often greatly dif-

fercnt between such bodies of water due
to the fetch distances involved the solu-

tions themsclves very often differed. He
also wondered what was the real mechan-
ism whereby littoral material did actualb'

get inside relatively sheltered harboiu-

áreas.

Mr. J. E. Jarlan,U had forwarded a fairly

lengthy comment which was read in part

by Dr. Baines, Mr. Jarlan pointed out the

importance of wind gcnerated current.»;

ever, have a small amount of series

resistance as shown in Fig. 1 and
this has been included in calcnlating

the generator time constant.

In reply to Dr. D'Ombrain's ques-

tion the generator time constants are

determined by calculation, with

occasional checks from test figures.

This procedure is adequate because,

if a system design depended on exact

value of time constant, it would be

too criticai for industrial appHcation

and would be abandoned in favour of

a more flexible solution.

The answer to Dr. D'Ombrain's

second question would be the subject

of a separate paper and \ve would
refer him instead to a standard text

on the subject. One such reference

is Chestnut and Mayer 's book "Servo-

mechanism and Regulati:ig System

Design" \'olume 1, page 139 under

the heading "Development of char-

acteristic equation in temis of the

transfer fimction".

Mr. R. B. Cornelis discussion re-

quires no comment from us but \ve

would like to thank him and the other

discussors for their interest in the

paper and their contribution to the

meeting.

and the possible magnitude of wind set

up. He added somewhat to the mathe-
niatical development of wa\e dieor>-

presenteei b>' tlie authors and stated tliat

in shallo\\' u'ater the energ>- transmitted

forward b>- a \\'a\e was approximateh'

H-/3.5 ft. Ibs. per ft. of crest lengtíi

compared to the figure of H-/7.0 pro-

posed by the authors for deep water.

Mr. Jarlan suggested that it would be

interesting to have tidal or seiche record-

ers installed on Lake Ontário to deter-

mine the magnitude of the actual pheno-

menon. He mentioned also the desirabil-

ity of studies of bed material niovement

using radioacti\-e tracers and of wa\e
characteristics using aerial stereophoto-

trraninietr\'.

Dr. Brebner, replying on behalf of the

authors thanked the meeting for the dis-

cussion raised. Mr. Jarlan had contri-

buted a good deal of wTitten material

which the audiors felt was ^•er^• valuablc.

Tliey had, howe\ er, since to their know -

If^dge this was the first paper to the

E.I.C. on this topic, tried to keep the

material as descriptixe and non-mathe-

matical as possible. Dr. Brebner in clos-

ing roplied briefl>- to ali tho poinS

raised in tlie discussion.

*Queen's University. Kingston. Ont.

§University of Toronto.

i-Municipality of Metro Toronto.

íDirector. Building Research. N.R.C.

#Head. Hydraulics Laboratory. N.R.C.

^Hydraulics Laboratory. N.R.C.

Littoral Drift in Lake Ontário Harbours

A. Brebner, a.m.i.c.e. and R. J. Kennedy, m.e.i.c.

Çueens University, Kingston, Ont.
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INSTRUMENTATION
IN INDUSTRY

No. 10

of a Series

Instrumentation

in the

Modem Boiler Room

THE STEAM boiler has a long

history going back to the

eighteenth century, but it is only in

the last forty years or so that the

efficiency of conversion of theimal

energy has shown a remaikable,

rather than a gradual, increase. Mucli

of this increase in efficiency is attri-

butable to improvements in overall

control of the many variables in-

volved. Hand-fired boilers were

common in the 1920s; today it is

possible for the largest units to

operate at maximum efficiency by

completely automatic control of ali

contributing variables.

Instruments and Applications

The degree of instrumentation of a

boiler plant naturally depends on its

size and operating conditions. Indus-

trial installations range from small

units for heating purposes only, to

those for production of process steam,

to high-efficiency marine propulsion

units and those used for power pro-

duction via multi-stage steam tur-

bines. The fuels used may be gas,

oil, coal (and similar solid fuels) or

a combination of two or more of

these.

Variables vvhich may be controlled

or recorded include: rate of fuel feed;

rate of air feed; feed vvater flovv;

temperatures of fuel, air, vvater, and

steam; flue gas temperature, consti-

tuent analysis, and smoke content;

plus ancillary data such as fuel and

vvater reservoir leveis.

The purpose of control instruments

is largely to obtain maximum effi-

ciency automatically, or nearly so, by
constantly adjusting air and fuel

supply for economy in combustion,

maintaining steam pressure, combus-

tion and exhaust pressures, tempera-

tures, and so on. Provision is also

made for transfer betvveen automatic

and manual control, and the necessary

safety factors such as recording of

operating faults; for example, flame

or draught fan failure.

Signals from local m e a s u r i n g

instruments may be used for several

purposes (to indicate, record or con-

trol) and, by feeding the one signal

or series of signals t o different

computing relays, two or more control

functions may be carried out. After

selection, the resultant outputs are

transferred to controls for the opera-

tion of valves, pumps, fans, and so

on.

Both pneumatic and electronic

transmission of signals for recording

and control are in use, and a combi-

nation of methods may be found in

one plant system. Research and

development vvork is continuing to-

vvards improvement of electrical

combustion control. One aim is a

simple electrical power unit which

can give the same speed and accuracy

as the hydraulic or pneumatic power

cylinder. An advantage of the use

of electrical signals is their ready

application to print-out and comput-

ing circuits.

Scope of Survey

Replies from operators of steam

plants in a wide field of industries

indicate that it is inadvisable to try

to derive definite conclusions about

instrument practice in the modern
boiler room from a necessarilv' liniited

survey. The sizes of plant and degrees

of instrumentation vary greatlv',

according to the steam requirements

of the industry. However, some
general conclusions can be reached.

The largest and most complex

boiler installations are found in the

thermal-electric plants of power Utili-

ties and of industries that develop

large amounts of power for their own

use, for example, some of the pulp

and paper and mining companies.

Other manufacturing industries, in

general, use steam plants for heating,

driving some auxiliary equipment,

such as pumps and compressors, or

as a source of steam used in manu-

facturing processes (e.g., petroleum,

chemical, food processing industries).

These installations may range from

small package units to relativey large

capacity installations.

Requirements and Purchase

Ali manufacturers covered by the

survey determined at least some of

their own instrument requirements.

However, the many package boiler

units now in use are generally pro-

vided with necessary control and

recording equipment as part of the

package. Additional instruments may
be incorporated to suit the needs of

the purchaser.

Specification of instruments and

recommendation of choice of suppler

was reported as almost entirely the

resposibility of engineering, main-

tenance or production department, or

a combination of members of these

departments.

Servicing and Maintenance

Most companies reported using their

own staff to service instruments, but

it is apparent that there are many
instances of the use of service bv' the

supplier or other contractor, especially

vv here instruments are mainly to be

found in the boiler plant and there

vvould be little additional need for

a permanent instrument engineer or

technician.
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Some Forni of pieveiiti\e main-

foiíancf appears to he the general

riile lor lioiler plant instrnments.

The great niajority of replies stated

that stocks of spare parts were kept

as dielated b\ operating experience,

thongli some eombined this practice

with [lartial adherenee to suppliers'

reeommeudations.

As might be expeeted, instriniients

used in tliese boiler plants are alrnost

entirel\' standard types, and are

iisnallx' pnreliased ontright.

Instrunient Costs

Capital investment in boiler plant

instrnments could not be judged

properly froin the survey, but other

investigatitons indicate an installed

direct cost of instrumentation at $0.35

to $0.75 (approximately) per ponnd
of steam. The figmes decrease with

increasing unit size (in terms of

pounds per hour of steam) and vary

slightly with the type of fuel used.

On this basis the cost of instrumen-

tation for a 250,000 Ib./hr. steam

boiler works out at about $125,000
(at $0.50 per pound of steam). Some
increase in cost of instrumentation

and Controls is to be expeeted as unit

size increases, since larger metering

and valve equipment, and more
extensive metering equipment, are

usually employed. A fairly high instru-

mentation cost is justified by the re-

sulting improvement in efficiency of

steam generation (figures of 6? to 9%

of total plant cost have been noted).

SILVER FALLS (Cmtinueil from page 108)

water conditions through the section

where the original geological survey

indicated that the rock cover was less

than 75 ft. Fortunately, neither con-

ditions were sufficiently bad to war-

rant interference with our noimal
tunnel driving procedures.

Both the shafts and the tunnel will

be lined with concrete, reinforced in

low rock cover sections and termi-

nating with steel liners near the sur-

face. The surge shaft has aheady
been completed and the 200 ft. tank

is under construction. Towards the

The invert will be poured starting

end of the tunnel driving, the invert

curbs were excavated with a rubber

tired backhoe and poured from two
8 cu. yd. truck transit mixers which

had been remounted on bogie well

deck cars.

At the present time, the tunnel is

being washed down, the fan pipe is

being removed, tights are being

drilled and blasted, and the invert is

being mucked out with a small bull-

dozer, the mucking machine and a

shielded blow pipe.

at the portal and from a 700 ft. mov-
ing bridge containing a moving
screen, a rail handling de\ice. two

pumpcrete machines, a deli\ery con-

veyor and a Califórnia switch. Steel

invert forms will be fixed to the curbs

by embedded screw- anchors.

The arch will be poured continu-

ously from the intake and using tele-

scopic forms and a tra\"eller. Finally,

the lining will be pressure grouted

in two stages and closures niade at

the penstock and upper elbow of the

intake shaft.

DESIGN OF A DANIELS-BOYD NUCLEAR STEAM GENERATOR (Continued from page iis

4. VVe believe that while many of

of the detail features of the

Daniels-Boyd Nuclear Steam
Generator will undoubtedly be
changed and improved upon in

the course of time, it is as fun-

damental to the public utility

n u c 1 e ar power business as

Stephenson's "Rocket" was to

railroading.
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Addenda

Since preparing the original manu-
script some further calculations of

power costs have been made. These

are shown in table II and are quali-

fied by the related notes, ali of which
are self explanatory.

Recently the Americans have been
giving considerable thought to gas

cooled reactors both with and with-

out canned fuel elements. In a recent

Oak Ridge report, the following very

cautious conclusion was reached for

a high density ceramic fuelled,

helium cooled reactor with a fission

product scavenging system and an

(iverage fuel temperature below
2500° F: "While one cannot concludc

that a reactor plant of this type will

not need containment, it is quite

obvious that the activity in the gas

is orders of magnitude (1000 times

or thereabouts) less than had pre-

viously supposed and is generalK'

miich closer to the clean clad system

than the hypothetical case of lOO'^
activity in the coolant".

Elsewhere in this same Oak Ridge
report (TID-7564) the conclusion was
reached that a stainless clad, ceramic

fuelled, helium cooled reactor "will

yield a substantially safer system than

(the one) employed by the British

and that this s> stem does not require

containment". Thus, even in the

coimtry where contaimnent is almost

a tradition, it is admitted that con-

tainment is not required for gas

cooled reactors with canned fuel

elements and that it may not even be

required for those with uncanned
fuel elements if a scavenging s\stem

is emploxed.

Because of this we beliexe thal

it is not imreasonable to predict that

after a truly unbiased and carefnl

study has been made of the safetv

aspects of the high temperature.

ceramic fuelled, helium cooled, gra-

phite moderated reactor which is

equipped with an effective gaseous

and \olatile fission product scaveng-

ing sNstem, the conclusion will be
reached that it is inherently the

safest type of reactor possible and
that it will definiteh not require

containment.

When this has been done, the wa\
w ill be clear to capitalize on the man\
ad\'antages of this t\pe of reactor

wliich will bring ti"uly economic
nuclear pow er w ithin our grasp.
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Canadian Developments

The agrariaii economy of thirty years ago yielded to an industrial revolution that

owed much of its impetus to the country's tremendous reserves of hydro-electric

power. It was the fashion in those days to speak of this resource as largely untapped.
This is no longer true. The more accessible and economic sources of water power
have already been exploited. While considerable hydro-electric capacity is still being
developed across Canada for initial output in the near future, relatively fewer new
turbines will hum with the rushing waters. Thermal electric power is getting a toe-

hold in Canada today, and it is the large unused deposits of coal, oil and gas that
now command attention.

Thermal power

Perhaps for this reason the naming of

the Queen Elizabeth Power Station at

Saskatoon" is an especially apt reminder

of Her Majesty's visit to us at this par-

ticular monient in our economic his-

tory. Coal, oil and natural gas are used

at the new station, and burning these

three competitiva fuels has stabilized

fuel costs without incurring any sig-

nificant additional capital expense.

Design steam conditions are 850
p.s.i.g., 900° F. and each steam genera-

tor is designed to deliver 600,000 Ibs.

of steam per hr. continuously and 600,-

000 Ibs. per hr. for 4-hoiir peaks.

Both turbines are of the two-cylinder-

tandem type with direct-connected,

3,600 r.p.m. hydrogen cooled alternators.

The boilers wdll operate at full load on
any one or any combination of the three

fuels.

The plant layout is unconventional —
the boilers will not be "in-line" but in

a square formation with two turbine

isles (see diagram).

This layout allows a saving in build-

ing volume over the conventional ar-

rangement.

Two sides of each boiler have been
left exposed at the upper leveis. There
is no basement. Station auxiliaries such

as pulverisers and feed pumps are at

ground levei. Ali important control and
instrument paneis are in a centralized

location on the operating floor — not

an isolated room.

Ali water requirements are pumped
directly from the South Saskatchewan
River. A buried steel pií^eline delivers

water direct from the j^umphouse to the

plant. A precast concrcte pipe returns it

to tlie river.

The coal-handlíng system consists of

a rotary car dumper, belt and drag con-

veyors, Harding-type bali mills and other

miscellaneous equipment. Provision has

been made in the main building, pump-
house and fuel-handling plant for the

addition of two further imits of up to

100 Mw. capacity each.

With the completion of the present

construction program, the Saskatchewan

SET IN motion by Her Majesty Queen EHzabeth II July 22, the 141 Mw. Queen
Elizabeth Power Station, situated on the South Saskatchewan River at Saskatoon
comprises a switch-yard ( foreground

) , coal handling plant (to the left) and the
office block and pumphouse (to the right). The boilerhouse is on the far side of

the building behind the turbine room and transformer bays.

D-

3 4

(D

Operating floor plan of the Queen
Elizabeth Power Station shows the pos-

ition of the ultimate four units and gives

the H-shape of the building.

Power Corporation system will have

reached a total capacity of over 500
Mw. by 1960, ali of which is either

steam or internal-combustion engine

power. The Queen Elizabeth Power Sta-

tion, therefore, represents 287c of that

total.

Coal

A second large thermal plant is under

construction near Estevan, Sask. — the

Saskatchewan Power Corporation's Boun-
dary Dam Generating Station. It gives

an additional 60,000 kw. to the provin-

cial power network.

The Boundary Dam Generating Sta-

tion will double in size and power-out-

put by 1960. The whole installation is

similar in design to the Queen Elizaljeth

Power Station.

The Boimdary Dam station was de-

signed to make further use of the vast

* For full technical description of sta-
tion see paper entitled "Saskatchewan
River Generating Station" given before
the Institute's Annual Meeting. June, 1957.
by R. R. Keith, M.E.I.C., and published
in The Engineering Journal. May. 1958.
We are indebted to G. E. Cummings.
Jr.E.I.C. and H. Kaldor. M.E.I.C. for the
present information.
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suppíii-s ot li_i;iiitc toai iiiuU'rl\iiig tlic

Estf\an aroa. Coal for lho plant is hoing

iniiu-d at tlic site.

A tliircl 150,000 kw. unit is schediiled

to ho addod to tlio Wahainun stoani

plant. located 42 niik-s wost of Edmon-
toií. Tho plant is adjacont to a 60,000,-

000 ton iK-posit of strippable coal and

will in tiif future niake use of it as fuel,

althouuh iMitil now it has heen burn-

injí natural iias.

Ontário H\dro's Lakeview Generatíng

Station — reportfdly the world's largest

tlicnnal-eloctric plant — will generate

its first power in 1961. By about 1965

the six 300,000 kw. tliermal generators

will be in action prodncing 1,800,000

kw.

The plant is being bnilt on the former
Long Branch Rifle Range and an ad-

ditional 25 acres of land reclaimed from
Lake Ontário. Complete with enomious
coal-storage yards, the station area will

eover approximately 128 acres.

In full operation each of the six units

will require over 100 tons of coal an
hour. Thus provisions have been made
for stock-piling 2,500,000 tons.

Gil and Gas

Canada's proven reserves of natural

gas are in the vieinity of 28 trillion cu.

ft. - about what the U.S.'s were 35
years ago. Her oil reserves appear to be
almost limitless as recent strikes bring
new fields to tíie fore in Alberta and
oil drilling in the Yukon begins to spout
returns.

Drilling at Western Minerais Chance
No. 1, 150 miles northeast of Dawson
City, Yukon, and less than 200 miles
south of the Arctic Ocean, brought gas
and oil reserves to the surface in mid-
August.

Ten th;)usand cu. ft. of gas per day was

coming from the well at la.st report.

PresuMiably it will take about two years

to determine the actual extent of the

resources and whether they merit com-
mercial exploitation.

This gas-oil strike at Eagle Plain is the

first in the far north since the Norman
Wells Field discovery 300 miles to the

southeast in 1920. The sedimentary sec-

tions in this area are comparable to the

footliills and plains of central and south-

ern Alberta, and there is good reason to

hope that gas and oil reservoirs may
exist in deeper horizons at the same
wellsite.

The well at the time of the August
discovery had a depth of 4,200 ft., 130
ft. of that giving gas and another 15 ft.

of oil. The well eventually will reach

8,000 ft. in depth.

Alberta's Dick Lake fíeid is also the

site of a recent gas strike. A potential

daily yield of 1.2 billion cu. ft. has been
uncarthed. The yield of this new 7,645

ft. well is four times greater than tliat

of any of the other five wells in the

area.

Nuclear Power

Ontário — where the last 30 rivers

with hydro potential are being mapped
and charted — where natural deposits

of coal are negligible — has become the

seat of nuclear power research in Can-
ada. She not only needs to find a new
power source to meet her needs as

early as 1965, but within her boundaries
lie extensive supplies of uranium wait-
ing to be mined.
The Western provinces look to Ontário

— the Maritimes watch her nuclear de-
velopment with interest — ali of Canada
stands to benefit in the next tliree

decades if the Ontário projects bring to

NPD — Canadas
first atomic power
station.

The NRU reactor at Chalk river is a

triple purpose machine — it produces
plutonium, makes radioactive isotopes

and provides extensive facilities for re-

search, engineering development and
testing.

light a method of power production hy
nuclear fission which is economicalK'

competitive widi traditional hydro and
thermal operations.

Atomic Energy of Canada has four

nuclear power projects underwa>- in

Ontário.

The 20,000 kw. NPD-2 (Nuclear Power
Demonstration) reactor at Rolphton is

to be completed in late 1960 and will

be hooked-up widi Ontário Hydro
generating stations by 1961. It will be
fuelled with natural uranium oxide;

cooled and moderated b\- hea\y water.

CANDU ( C a n a d i a n Deuterium

Uranium), a $60,000,000 reactor which
will generate 2tX),000 kw. (10 times

NPD's output) is to be built on a 2,300

acre site on Lake Huron 9 miles north of

Kincardine. It should be in full opera-

tion by the end of 1964.

The CANDU project represents a

giant stride in Canadian nuclear re-

search. This t>pe of reactor, when per-

fected, should be able to operate on

large baseload stations. Buming natural

uranium at the rate of 8,000-10,000 Mw

.

days per ton, the heav>- water cooled

and moderated reactor is designed to

reduce fuel costs considerabh" and
eliminate the necessity of chemically re-

processing irradiated fuel.

OCDRE (Organic cooled, deuterium

reactor experiment) is designed to fill

two quite different functions. This t\pe

of reactor, it is hoped, could be u.sod

either in a small installation or in a

100,000 kw. project.

Since nuclear research is constantly

concernod with finding a way to process

uranium cheaph' enough to make it a

competitive power fuel, OCDRE has
particular signifieance.

Organic liquid. rather than heaw
w-ater. is nsed as the coolant in this
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, avy water moderated reactor in an

ittempt to cut capital costs. With or-

-.'anic liquid, higher temperaturas can be

nhievcd with lower pressures. The
I I actor walls do not have to be so

strong and building costs are diminished.

OCDRE is envisaged for certain small

II id médium sized sites in Northern

Canada. Canadian General Electric has

nndertaken the contract for the 40,000

kvv. plant.

Canadian Westinghouse is studying

tlie field of small nuclear power plants.

I hey will be necessary in Canada for

tu() purposes — power for remote re-

jions and a power booster for existing

Indro stations.

So far the natural uranium hsavy
\v ater moderated reactor appears in-

' Ifícient in small sizes, and Canadians
II e investigating the pressurized light

\\ ater or boiling water reactors used in

ilic U.S. with enriched uranimii fuel.

Both Manitoba and the Maritimes an-

ficipate the need for new power stations

of the 100,000-200,000 kw. magnitude
by 1960. The Utilities thus look with

interest and concern upon these first

nuclear projects in Ontário. Long after

tlie rivers have been dammed and the

coal beds mined there shonld still be
uranium.

An atomic explosion may be used to

Telease oil from the extensive deposits

of tar sands in the Athabasca River

region of Alberta. Heat and pressurc

can conceivablv be used to crack the

Hamilton Falis, Newfoundland.

heavy hydrocarbons, making lighter

products for normal crude oil production

techniques to recover.

Between 200 and 300 billion barreis

of oil are estimated to underlie the

17,000 sq. mi. surface area. The oil con-

tained in the sand is highly viscous

before recovery, but it cracks to a lighter

form at relatively warm temperatures

and does not readily return to its former

state. Not ali the hydrocarbon content

of the tar sands will be recovered, but

it is hoped that the return is adequate
to compete witli other liquid hydrocar-

bon sourccs.

Hydro Power

Rivers still rush unhamessed in British

Columbia and Newfoundland. These two
provinces are perhaps the last in Canada
to e.xploit their real hydro power poten-

tial. Eventually they too will be forced

to turn to thermal or nuclear power —
or both — to turn their turbines.

While the power of the rivers is

tapped, coal, oil, gas and uranium de-

posits lie secretively under the great

surface of the carth.

(Contintied on page 188}

KARIBA HYDRO-ELECTRIC PROJECT, ZAMBESI RIVER, RHODESIA

420 ft. High Arch Dam. Underground Power Station 6 x 100,000 K.W.

Sir Alexander Gibb & Partners
Consulting Engineers

Hydro-Electric & Thermal Power Projects, Irrigation, Water Supply, Sewerage, Docks & Harbours, Airports,

Roads, Bridges, Industrial Bulldings

4 WELLINGTON ST. E., TORONTO 270 LAURIER AVE. W., OTTAWA
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INTERNATIONAL NEWS

UNITED KINGDOM
Nuclear power stations are too expen-

sivc— sa\ s Sir Lcslic Ganiage, chaimian of

Britaiii s Ccnoral Electric Company—and
as a rcsiilt thc market for tliem will

rcniain liniitcd. Britain has a surplus

capacity for atoiíiic power station con-

stnictioii biit the cost of bnikling

reactors is too great. Some people maiii-

tain lliiit reactor eonstruction in Britain

coiild l>c made feasihle by reducing the

nmnbcr of groiips who are able to build

reactors frcm the present five to tliree.

Thiis a bigger share-out of the limited

deiiiand would be available to offset

gigantic research costs. Sir Leslie pro-

poses, however, that the solution lies in

finding the means to construct a less

expensive reactor, ihiis automatically

increasing demand. This will only be

possible, he contends, when enrichment

is available and pliitonium technology

is considerably advanced.

Britain's sixth nuclear power station,

aboiít to be built on the southeast coast

of England, will export some of its elec-

tricity to France. The power will be

conveyed by cable along the bottom of

the English Channel. French hydro-

elcctric plants, well over-stocked with

electricity during the rainy seasons, can

reciprocate by switching their output

through the British grid.

The link-iip, in operation by 1961, will

be highly advantageous for both coun-

tries. Peak loads on the national grid

Systems occur at different times: while

a full breakfast is being prepared in

England, the French are making only

coffee, and in the evening dinner is early

in Britain, late in France.

Zeta I—the "Zero Energy Thermo-
nuclear Ai^paratus"—has set up such a

complicated pattern of behaviour that

British scientists have decided to design

a new machine to tell theni more about

Zeta's operation. Zeta, Britain's íirst step

in an attempt to tame the H-bomb
reaction and use its immense energv to

drive power stations, must have stabihza-

tion of the great volume of electrical

currents which are shot tlirough it.

The new machine, ICSE ("Intermediate

Current Stability Experiment"), will be

much bigger than Zeta and have ten

to twcnty times its electricity-storage

capacity. A glimmer of the research pro-

ject's magnitude can be got from tln;

fact that in order to make Zeta a paying

proposition (that is, yielding far more
power than is shot into it), temperature

inside the machine must reach one

liundred million degrees—hotter than the

surface of the sun.

AUSTRÁLIA
The Snowy Mountains Scheme, Aus-

tralia's enormous power and irrigation

project of seven major dams, at least

fifteen major power stations, 83% miles

of tunnels, and 330 miles of niountain

atiueducts, is well underway.

In April power began to flow througli

90 miles of transmission lines into the

New South Wales Electricity System. The
320,000 kw. power station, 1,200 ft.

underground, is now operating at full

capacity.

NEW ZEALAND
A chaín of ten hydro-electric stations

on the Waikato River in New Zealand\

North Island is nearing completion and

will produce a minimum of one million

h.p. of electricity. The 420,000 kw.

station under eonstruction at Benmore
on the Waitaki River in the South

Island will be the biggest hydro-electric

station in the Southern Hemisphere. A
third project—a geothennal station—is

underway at Wairakei in the natural

thermal area of North Island. The
second station of its kind in the world.

it will be producing 1.50,000 kw. three

years from now and an additional

100,000 k-w. eventually.

A shaft is being sunk in the west coast

area of North Island as a result of

several years' intensive prospecting by

a combine of major oil companies. In

addition, sizable deposits of shale oil are

known to occur in South Island, Otago

and Southland.

FRANCE
Package Power Plants designed b\'

Electricite de France in cooperation with

manufacturers of hydroelectric power
equipment are now in operation on the

by-pass canal of the Garonne River, on

the Mayenne River, on the Maulde River,

and on the Meuse River. They are com-

posed of an electric generator in a sealed

housing, driven by an axial-flow tru^bine

of the propeller type. These packag'-

power plants, according to Electricite de

France authorities, can be installed on

pocket power projects as well as in larger

installations as boosters.

Solar radiation is being collected and

concentrated in large amounts at the

Centre National de la Recherche Scien-

tifique, Montlouis, France. Scientists have

ascertained that while radiation on tíie

surface of tlie sun equals 8 kw. per

square centimeter, this same solar radia-

tion by the time it reaches the strato-

sphere is only 0.135 kw per square

centimeter. Their task, therefore, is to

determine v.hat can be done to recover

some of that lost energy.

Scientists at Montlouis have been de-

\doping the "glass house effect" where-

h\ tiie solar rays pass through a glass

shield and are absorbed by certain sub-

stances on the earth. The glass shield

then acts as a reflector for the ra>s

emitted by the absorbent bodies after

solar radiation has acted upon them.

These ra\s from the absorbent bodies

are much longer than those from the sun

and thus give much greatcr temperatures.

Energy thus sahaged from solar rays

and concentrated by further use of re-

flectors can be made to hcat water, distill

it, and heat air.

A large manium oxide fritting plant

which will prtxluce two to three tons

per month is now in operation near the

Nuclear Research Center at Saclay. It

is the forerunner of a much larger plant

54-kvv. package power plant — "La Maignannerie" — on the Mayenne River (France).

126 THE ENGINEERING JOURNAL—OCTOBER, 19S9



202-kw. "Verdun" package power plant on the Meuse River (France).

to be built near Paris when uranium

Í oxide becomes more common as fission-

able material in nuclear reactors.

The methods for manufacturing this

t) material are strikingly similar to those

! for ceramics. The basíc material, finely

«iipowdered uranium oxide, is first blended

i with an organic binder, then transformed

j into granules resembling soluble coffee.

i! Powerful presses, exerting several tons'

il pressure per sq. in., compress these gran-

ules into small cylinders.

The cylinders are then placed in spe-

I ciai kilns containing hydrogen and are

, brought to a temperature of 2,912 deg.

F., fusing the granules into a hard, dense
' solid without altering the organic shape.

Aiter final inspection, the cylinders are

encased in aluminum and zirconium con-

tainers and put into reactors.

,
A complex of atomelectric power

plants, using natural uranium as fuel,

graphite as moderator and carbon diox-

ide as cooling médium, is being built by
Electricite de France on the banks of the

Loire six miles north of Chinon. The
heat absorbed by the carbon dioxide

will be converted into steam to drive

the classic generator units.

I The project comprises three independ-

ent phases — the first producing 60,00("j

j

kw. of electric power; the second, 170,-

000 kw.; and the third, more than 250,-

000 kw.

1 Latest Freneh hydro-electric power de-

I

velopments include the Kariba Dam on

I
the Zambesi River; the multiple-vault

1
dam at Migoelou in the Pyrenees; and

i

the Saint-Vidian Dam on the Garonne, 37

miles from Toulouse.

SOUTH AFRICA
Export of uranium oxide in 1958 to-

talled 6,153 tons, according to the South

African Minister of Mines. However,
though the export totais for 1956-1958

show an increase of approximately 1,000

tons each successive year over the last,

the figures for the first quarter of 1959
show a decline in export tonnage. In

1958 a total of $159,621,789 worth of

uranium oxide (compared to 1957's $149,-

965,896) was exported to the United

States, England, and Japan, most of it

through the Combined Development
Agency.

JAPAN
Japan 's first nuclear power station is to

be built at Tokai Mura, 65 miles north-

cast of Tokyo, for operation in 1963.

The Japan Atomic Power Company has

chosen the General Electric Co. Ltd. of

England to build the station with the

cooperation of 14 leading Japanese com-
panies known as the First Atomic Power
Industrial Group (F.A.P.I.G.).

The gas-cooled, graphite-moderated

reactor will have an electrical output of

150 mw. The station, similar to the one

built at Hunterston, Scotland, will be spe-

cially designed in order to ensure the

safety of the installations under earth-

quake conditions.

UNITED STATES
A new eleclro-motive MU-60 peaking

and reserve generating plant has been

developed by General Motors Corpora-

tion. The 6,000 kw. plant is designed

according to specifications laid down by
public Utilities companies in response to

General Motors inquiries. It is portable,

completely automatic in operation, un-

obtrusivc in an outdoor setting, and can

bc installed for under $100 per kw. Its

puri^ose is to supply a special jiower

boost when the demand is at a peak.

The high-energy fuel program under-

taken by Stauffer-Aerojet Chemical Com-
pany has not been affected by the recent

cancellation of Air Force and Navy con-

tracts to operate boron fuels production

plants. The large-scale pilot plant at

Sacramento, Calif., just completed, will

hegin operation immediately to devclon

low cost boron fuels.

The Fifth World Petroleum Congress

licld in New York in June drew more
than 5,5(K) rcpresentatives from some
50 countrics, aniong them D. S. Simmons,
B.Sc, of the Engineering Institutc of

Canada.

ÍNDIA

A symposium on power development

(Contimied on page 129)
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Month to Month
Vhc Lalo Sir Claude Gibb

Hououred

riu- Institution of Mechaiiical En-
fíinccrs, Loiídoii, drilicatfd a monient of

silont trihutc to thv ineinory of the late

Sir Claude Gibb on January 23. At this

timo, only oiglit days aftcr Sir Claude's

untiniely deatli, tho Institution was to

ha\e presentcd Sir Claude with the

1959 James Watt International Medal,

awarded to "men who have attained

world-widc cminencc in niechanical

engincering."

Sir Claude, an Australian, liad made
an outstanding eontribution to the field

of large power producing plants. It wil!

be reealled that his paper "Graphite in

the World Nuclear Power Program" was
published posthumously in the July issuc

of The Engineering Journal.

Syinposium on Reliability

and Quality Control

The Sixth Annual Symposium on

Reliability and Quality Control in Elec-

tronics is to be held at the Hotel Statler,

Washington, D.C., on Januarv 11, 12,

and 13, 1960.

The .symposium, initiated five years

ago and sponsored by the IRE, AIEE,
ASQC, and EIA, is founded on the

belief that maximum reliability in elee-

tronics can only be had throuph research,

education and free interchange of

scientifie knowledge and achieveinents. It

maintains that this reliability is essential

to our industrial and military organiza-

tions.

Symposium topics will include: New
Mathematical Techniques; Contraetual
Implications; Cost Considerations; The
Effect of Advanced Design and Produc-
tion Teehnique.s on Reliability; Re-
liability Training and Education; New
Maintainability Techniques; System
Aspects; Military Requirements and
Specifications Now and in the Future;
Reliability Prediction; New Production
Techniques; Accelerated Environmental
Testing; Life Tests; Failure Modes.

Increased Membership in

Ontário As.sociation

Membership in the Association of

Professional Engineers of Ontário has
reached 18,.500, according to figures

made public by their executi\'e council

in late Augu.st.

Objection.s to U.S. legislation

Objections to current U.S. legislative

proposals rcgarding the Armed Services

Procurement Act have been made by
the National Soeiety of Professional En-
gineers (U.S.A.) on the grounds that

the legislation could "lead to competitive

factors in the awarding of a contract for

Professional services."

Paul H. Robbins, executive director

of lhe 50,00()-niember engineering group,

testifying before the Senate Armed Ser-

vices Subeommittee, emphasized that in

ordcr for the negotiation of professional

eonsulting engineering services to con-

form to established practices and to

Professional ethies, the contracting pro-

cedure should follow two distinct steps:

first, the selection of the consultant or

firm deemed best qualified for the pro-

fessional serviee required; second, the

negotiation of a suitable fee with that

consultant or firm.

International Congress for

Bridge and Structural Engineers

The Sixth International Congress for

Bridge and Structural Engineering, con-

vening in Stockholm from June 27 to

July 1, 1960, will cover six main topics:

Basis of Structural Design; New Develop-

ments of Connections in Metal Struc-

tures; Steel Skeleton; New Developments

in Bridge Building; Prefabricated Struc-

tures; and Important Progress in Bridge

and Constructional Engineering and
Composite Structures.

Engineers interested in attending the

congress are asked to inform the Con-
gress Secretariat, A.I.P.C., VI. e Congros,

Box 14045 Stockholm 14, immediately.

Toronto Branch Organizes
New Power Section

A newly organized power section of

the Toronto Branch of the Engineering

Institute will study the use of energy in

ali its fomis.

Chaired by Dr. John Shotwell, assisted

by Secretary-Treasurer Peter KUlaby, the

power-study group comprises men in-

volved in every phase of the power in-

dustry — design, building, equipment

manufacturing, fuel supplying, and oper-

ating.

o o o

Montreal Section of the National As-

sociation of Corrosion Engineers, at

Queen's Hotel, Montreal, November 10,

"New Plastics and Their Properties".

NOMINEES FOR OFFICE
THE ENGINEERING INSTITUTE OF CANADA

The rcport of tlie Nominating Committee, as accepted by Council at its mecting

held on Septeviber 12, 1959, in Saint John, N.B., is published for the information

of ali corporate members as required by Sections 19 and 40 of the By-laws:

VICE-PRESIDENTS
One to be elected for two years

Zone B (Province of Ontário) Edgar A. Cross,

Toronto, Ont.

Zone C (Province of Quebec) Charles Miller,

Baie Comeau, Que.

Zone D (Atlantic Provinces) T. C. Higginson,
Saint John, N.B.

COUNCILLORS
Two to be elected for three years

Montreal Paul G. A. Brault
R. A. Phillips

One to be elected for three years

Ottawa John S. Watt
Toronto A. C. Davidson

One to be elected for two years

Vancouver W. G. Heslop
Edmonton S. R. Sinclair
Lethbridge R. D. Livingstone
Calgary W. G. Sharp
Saskatchewan

J. L. Thompson
Winnipeg N. S. Bubbis
Sault Stc. Marie W. M. Hogg
North Eastem Ontário (no nominee)
Huronia Frederic .\lport

Samia J. E. Harris
Kitchener L. J. R. Sanders
Hamilton W. .\. Dav»-son
Níagara Península Paul E. Buss
Peterborough D. .\. Lamont
Comwall B. T. Yates
Quebec Georges Demers
Northern New Brunswick F. W. Buckley
Moncton C. L. Trenholm
North Nova Scotia C. V. Campbell
Halifax J. Douglas Klinc

Cape Breton W. A. MacDonald
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News of Other Societies

New Publications
The Institute of Engíneers, Austrália,

has launched two new publications in

1959: Electrical and Mechanical En-
gineering Transactions (first issue—Vol-

ume EM 1, No. 1, May, 1959) and Civil

Engineering Transactions (first issue—

Volume CEI, No. 1, March, 1959).

Canadian Agricultural Engineering

(first issue—Volume 1, No. 1, January,

1959) is to be published yearly by the

Canadian Agricultural Engineering So-

ciety.

Conference Schedule
American Society for Metals, Philadel-

phia, October 17-21.

Ninth Annual High Polymer Fórum (co-

sponsored by the National Research

Council and the Chemical Institute of

Canada), Guild Inn, Toronto, October
19-21.

National Association of Corrosion En-
gíneers, North Central Regional Meeting,

Cleveland, October 20-22.

ASLE Lubrication Conference, Sheraton-

McAlpin Hotel, New York, October
20-22.

Society for Experimental Stress Analysis,

1959 Annual Meeting, Pick-Fort Shelby

Hotel, Detroit, October 21-23.

Computer Applications Symposium (spon-

sored by Armour Research Foundation),

Morrison Hotel, Chicago, October 28-29.

Institute of Radio Engíneers, Radio Fali

Meeting, Syracuse, N.Y., October 31-

Noveniber 2.

Midwestern Meeting on New Frontíers

ín Aviation, Hotel Lassen, Wichita, Kans.,

November 2-4.

International Rubber Technology Con-
ference on Materials Handling (ASME,
ACS, & ASTM participating), Shoreham
& Plaza Hotels, Washington, D.C.,

November 8-13.

The Chemical Institute of Canada,
Chemical Engineering Subject Division

Symposium, Hamilton, Ont., November
9-11.

European Federation of Chemical En-
gineering, Technical Meeting on Lab-
oratory, Measuring and Automation
Techniques in Chemistry, Basle, Switzer-

land, November 10-15.

Automation Show and Conference on
Materials Handling, New York Trade
Show Buildmg, N.Y., November 16-20.

INTERNATIONAL NEWS (continuedfrom page 125)

in índia early this year brought out the

question: Why should índia bother about

hydro power stations when nuclear power
can be expected in five or six years?

However, Dr. K. L. Rao pointed out that

nuclear power can not take care of a

peak load and therefore hydro has an
important place in India's power develop-

ment. Also índia must proceed rapidly

now, and the next five years will be
crucial to her development.

The main obstacle which Indian scien-

tists and engíneers face at the moment
in this power development effort is their

dependence on other countries for the

mechanisms from which power projects

are built. Even small switches must be
imported from an outside source. Dr.

Rao spoke of the 40 kw. generator being

made at Baroda and suggested that even
though it appeared insignificant beside

a 300-million kw. unit being produced
now in Rússia, it was a triumphant step

in India's bourse toward independent
manufacture and development. He urged
that the Bhopal Heavy Electrical Ma-
chinery project be rushed so that trans-

formers, switchgears, and even generators

would be made in the machine shop at

Bhopal within the next four or five years.

SWEDEN
A gas turbine power plant said to be

lhe largest in the world is nearing com-
pletíon on the Island of Lucema, off the

city of Vastervik on the Baltic coast.

Designed for a peak-load operation of

about 500 hours per year, the station will

produce 40,000 kw. It is thus consider-
ably cheaper than conventional steam
power plants and its construction costs

have been 25% less.

Built by the Swedish State Power
Board in close collaboration with two
Swedish firms — Stal for turbines and

Asea for electrical equípment — the new
station will use bunker oil, 495 cu. ft.

per hour. It is to be remote controlled

from the transformer station at Vaster-

vik.

Final plans for the next large water

reservoir at Tjaktjajaure in Sweden's arc-

tic country have been handed over by
the State Water Board to the Water
Court for acceptance. They call for rais-

ing the lake's water levei some 100 ft.

with a dam 1,450 metres long, 100
metres high.

The $48,000,000 project should be
completed by 1967, producing 150-190

mvv. and allowing an annual increase of

474 million kw. in the downstream power
stations' production.

BRAZIL
A 40,000 h.p. hydroelectríc power

plant is in operation on the Rio Paran-

aiba at Cachoeira Durada, State of Goiás.

Eventually to be a 320,000 h.p. instal-

lation, the project was designed by the

mixed capital stock company "Centrais

Eléctrica Goianias" for the state capital,

Goiânia, and the new federal capital,

Brasília.

SOUTHEAST ASIA
Burma, Ceylon, Indonésia, and Thai-

land were the objects of extended re-

search by the International Atomic En-
ergy Agency this year. The agency set

out to determine the needs and possi-

bilities of power development in these

countries.

The Union of Burma Atomic Energy
Centre will set up a nuclear radiation

laboratory by 1960-61. They hope to

have a research reactor installed by 1963.

Burma still has unexploíted hydroelectríc

power sources but reserves of conven-
tional sources of energy are low.

Ceylon's National Planning Council

has created a Committee on Atomic En-
ergy and anticipates a central atomic

energy authority. Ceylon needs a thor-

ough assessment of uranium and thorium

resources. She has no proveu reserves of

coal and oil and her hydroelectríc power
reserves appear insufficient for the future.

Projections of likely growth in demand
for power suggest that by the late 1960's

installation of a nuclear station might
well be feasíble.

An Institute of Atomic Energy is to

be founded in Indonésia. At present ali

work is centered in Bandung, Bogor,

Djakarta and Jogjakarta. Research re-

actors are contemplated for Bandung and
Jogjakarta. The agency mission to In-

donésia concluded that before plans

be developed for exploitation of the

country's resources, her scientific staff

and experimental facilities should be en-

larged. Indonésia does have reserves of

oil, coal, gas and imtapped hydroelectríc

power, so that her need for development
of nuclear power is not as urgent as

some other countries'.

The Thai Atomic Energy Commission
for Peace is charged with the promotion,

development and control of ali peaceful

atomic energy activities in Thailand. The
Curtiss Wright Corporation of tlie U.S.A.

has been contracted for the construction

of a swimming pool reactor with a

maxímum output of 1 mw. It should be
in operation by early 1963.

The Yanhee hydroelectríc project, sup-

plemented by thermal power fuelled with

indigenous ligníte, will meet Thailand's

power deiuands in the immediate future.

However, the northeast section of the

country needs industrial development and
is far from power sources, so nuclear
research will have to supply answers for

the future.
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M. Murray Dillon George E. Humphries W. L. McFaul

M. Murray Dillon, m.e.i.c, has retired

froni tlu- presidency of M. M. Dillon and
Co. Ltd., Consulting Engineers of Lon-
don, Toronto and Ottawa. He has been
appointed chairman of the board.

George E. Humphries, m.e.i.c. (Wolver-
lianiptoii, Stafís. 11) is the new president

of M. M. Dillon and Co. Ltd., Consult-

ing Engineers of London, Toronto and
Ottawa.

W. L. McFaul, m.e.i.c. (Toronto '13) has

been api^ointed special representative

in the Hamilton area for Proctor & Red-
fern Civil and Consulting Engineers,

Toronto.

J. F. Lester, m.e.i.c, has recently retired

as chief location engineer in the Alberta

Department of Highways.

H. J. Stephens, m.e.i.c. (Indiana '18) has

been named chief location engineer by
Gordon E. Taylor, Minister of Highways,
to replace Mr. Lester.

E. V. Leipoldt, m.e.i.c, has been elected

to the board of directors of Canadian
ASEA Electric.

Stuart R. Muirhead, m.e.i.c (Toronto
'24) will join the Okanagan Telephone
Company at Vernon, R.C., as assistant to

the superintendent.

C. W. Sparrow, m.e.i.c (Manitoba '28)

has been made manager of operations

and engineering of Saskatchewan Gov-
ernment Telephones.

F. Vemon Sturman, m.e.i.c (Berlin '29)

has been appointed vice president and
general manager of Gross Machinery
(Eastem) Ltd., Town of Mount Royai,

Que.

Stanley Adam Stannard, m.e.i.c (Warsaw
Polytcchnical '32) has been appointed to

C. W. Sparrow F. V. Sturman

the faculty of Western Ontário Institute

of Technology to teach electronic tech-

nology.

Guy Savard, m.e.i.c (R.M.C. '37) was
recently appointed manager, Province

of Quebec region, by Canadian Liquid
Air.

Dr. George W. Govier, m.e.i.c (B.Eng.,

B.C. '39; M.Sc, Alberta '45; Ph.D.,

Michigan '49) has been named dean of

tlie faculty of engineering at the Uni-

versity of Alberta to succeed Dr. R. M.
Hardy. The appointment was effective

July 1.

T. T. Dobie, jR e.i.c. (B.C. '48) has been
appointed design engineer III of The
Consolidated Mining and Smelting Com-
pany 's engineering division, Trail, B.C.

B. F. Reimer, jRE.i.c. (B.C. '48) has

been made maintenance superintendent

of the phosphate plant, Chemicals and
Fertilizers Division, The Consolidated

Mining and Smelting Company, Trail,

B.C.

Major J. J. Eatock, jr..e.i.c. (Alberta '49)

is with the Department of Externai Af-

fairs, United Nations Military Observer

Group (índia & Pakistan) for the period

August 1959 to August 1960.

N. H. Booth, jR.E.i.c. (B.C. '50) has

been transferred from the engineering

division of The Consolidated Mining and
Smelting Company, Trail, B.C., to a

special assignment on iron and steel

studies.

R. W. Lockie, jR e.i.c (B.C. '50) is the

new secretary-treasurer of the Vancouver
Island branch of the Engineering Insti-

tute of Canada.

J. L. F. Límbert, jr.e.i.c. (B.C. '51) is

the new acting maintenance superintend-

ent in the Tadanac Department, Chemi-
cals and Fertilizers Division of The Con-
solidated Mining and Smelting Company,
Trail, B.C.

R. G. Hermann, jr.e.i.c. (B.C. '52) has

been transferred by Northern Aluminum
Company to Auckland, New Zealand on
construction of an aluminum fabricating

plant.

L. H. Fransen, jR E.i.c. (B.C. '52) has

been appointed maintenance superin-

tendent at The Consolidated Mining and

Smelting Company's Bluebell Mine, Ri-

ondel, B.C.

James R. Plummer, s.e.i.c. (Queen's '58)

is working with a relief organization, on

loan to the U.S. Operations Mission to

Paraguay, for tlie construction of the

Trans-Chaco Highway.

J. Edgar Dion, m.e.i.c, (McGill '26).

formerly president of J. Edgar Dion &
Company Ltd., management consultants.

is now associated with Price Waterhouse

& Co. and operating as J. Edgar Dion.

Consulting management engineer, Canada

Cement Building, Montreal.

A. G. Macdonald, jr.e.i.c, (McGill '53)

has joined Racey, MacCallum & Associ-

ates Ltd., Montreal, as an electrical

engineering consvdtant. He h;is been witli

the Department of National Defence

(RCAF), Ottawa.

G. M. Boissonneault, jr.e.i.c, (McGill

'49) has been appointed assistant man-

ager of the Shawinigan Water and Power

Gompany's hydraulio resource^ depart-

ment.

Howard D. Hamer-Hunt, m.e.i.c. has

joined Messrs. Rohort Jcnkins & Co. Ltd.,

Engineers of Rotherham. Yorkshire, Eng-

land, as site erection manager.
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Investment or Expense?

A "SAVING" in the initial expenditure

for a crane can often spell unnecessary

expense later on . . . performance, long

life, and low maintenance costs are the

only sound basis of comparison.

With Dominion Bridge cranes you get:

• A custom-made unit vvhich exactly suits

your specific handling requirements—at

a reasonable cost.

• Completely made in our own shops

—

under one roof.

• Nation-wide servicing facilities.

• The unmatched experience of 1500

successful installations.

Wrife for Catalogue MF- WO fo Dominion

Bridge Company, Limited. Plants and Offices

throughout Canada.

CRANES by DOMINION BRIDGE



OBITUARIES

The sympathy of the Institute is extended to the relatives

of tliosc wlwse passing is recorded here

Cliarlos E. Fiaser, m.k.i.c, died at his

liomo in Sliort Hills, N.J., August 23,

1959. Ho was 86.

Mr. Fraser was bom in Montreal and
recei\ed his engineering degree from
MeCill in 1899. In 1952 he was made
an Iionorary lifc meinber of the McGill

Graduates' Society and in 1954 the

uni\ersity conferred an honorary doc-

torate of science upon him for his out-

sfanding work in engineering.

Mo\ ing lo New York at the turn of

the century, one of Mr. Fraser's early

projects was the New York subway
system planning. In 1908 he founded
Fraser-Bracc Engineering Co. Ltd. and
acted as sénior partner and chairman
of the board until his retirement in 1955.

The company moved its operations to

Montreal in 1911 and one of its outstand-

ing achievements was the construction

work on the Atomic Energy plant at

Chalk River.

.Armand C. Crepeau, m.k.i.c, dean of

science at the Universíty of Sherbrooke,

which he helped to foiínd, died on
August 17, 1959. He was 75.

Bom at St. Camille, VVolfe County,
in 1884, Dr. Crepeau graduated from
Lavai University in 1909 as a civil

engineer and land surveyor.

Dr. Crepeau began practising his

engineering in Sherbrooke and repre-

sented Sherbrooke in the Quebec Legis-

latuie from 1924 to 1931.

A member of the Office of Directors

of the Corporation of Land Surveyors
of the Province of Quebec, Dr. Crepeau
acted as its president from 1945 to 1948.

He was also a charter member of the

Eastem Townships branch of the En-
gineering Institute of Canada.

Before becoming first dean of science

at the new University of Sherbrooke in

19.54, Dr. Crepeau was engaged as a

Consulting engineer for the Hydro-
Electric Commission of Ontário and
later as engineer in charge of exploration
work and surveying for the Department
of Lands and Forests in Ungava (New
Quebec).

Edmund Lancelot Milcs, m.e.i.c, died
Septcmber 1, 1959, in Montreal, at the
age of 76.

Mr. Miles joined the consulting firm
of Calt and Smith in 1909 and the
foUowing year became a júnior partner
in John Galt Engineering Co. Ltd. of
Calgary.

Laler he and John Haddin formed

Charles E. Fraser,

M.E.I.C.

Edmund Lancelot
Miles, M.E.I.C.

Richard Francis

Critchley, jr.e.i.c.

the firm of Haddin and Miles Ltd. of

Calgary, Winnipeg, and Vancouver.

During World War I Mr. Miles was
associated with the Department of the

Interior in Western Canada and in

Ottawa. He was engineer for the County
of Victoria in Ontário from 1921-29 and
in 1923 was elected a Fellow of the

Royai Society of Arts, London. From
1930-38 he was manager of Standard
Paving (Maritimes) Ltd. of Halifax and
Charlottetown, PEI.

Mr. Miles acted as supervising en-

gineer with the R.C.A.F. at Mont Joli

Airport, Que. during World War II. He
was with the Aerocrete Construction Co.,

Montreal, from 1945 imtil his retirement

in 1953.

Earle Bedford Patterson, m.e.i.c, died

on February 25, 1959, in Winnipeg,
Manitoba. Mr. Patterson was born at

Listowel, Ontário on Febmary 22, 1883.

Upon leaving the Toronto School of

Practical Science in 1909, he acted as

assistant engineer at Point du Bois

hydro-electric development and later as

assistant engineer in charge of party for

the Dominion Water Power Branch on
their Winnipeg River power .survey.

In 1912-13 Mr. Patterson worked as

resident inspecting engineer at the La-
Colle Falis Power Development of Prince

Albert (Sask.). He later became assistant

engineer for the Manitoba Hydrometric
Survey.

Mr. Patterson was appointed resident

inspecting engineer in 1930 for the

Water Power Branch, Dept. of Mines
and National Resources of Manitoba, at

Seven Sisters Falis. In this capacity he
oversaw construction of Northwestern
Power Company's Winnipeg River
project.

Richard Francis Critchley, jr.e.i.c, lost

his life in a traffic accident at Burton-

on-Trent, England, June 21, 1959. He
was 26 years old.

Born in Regina on December 17, 1932,

Richard grew up in Prince Albert and

attended the University of Saskatchewan.

He graduated in 1955 "wath great dis-

tinction" in Mechanical Engineering.

Richard was the rccipient of the

Association of Professional Engineers'

prize for tlie "most distingiiished

graduate of the year in Engineering";

the Massey-Harris-Ferguson Award: and

the Bowman Brothers' undergraduate

award.

In 1958, after three j ears with Domin-
ion Engineering Works, Montreal, he

was awarded an .\thlone Fellowship for

two years' post-graduate study in Eng-
land. While in England he did research

with Vickers-Armstrong of Newcastle-

on-Tyne and attended the Rolls-Royce

Diesel Engine School at Derby.

Richard held a commission in tlie

Royai Canadian Electrical and Mechani-

cal Engineers and had been attached in

that capacitj' to the Northumberland
Hussars, Territorial Army, England.

1. Roy Freeman, m.e.i.c, died at his

iiorne in Moncton, N.B.. April 18. 1959.

Born in Brighton, Ontário, .\pril 14.

1887, Mr. Freeman graduated from the

LTni\ ersity of Toronto in 1912.

He was first empkn^ed by the Domin-
ion Bridge Company, Montreal. From
thero he went to the head office of the

Canadian National Railway at Moncton,
where he worked until his retirement a

few >ears ago. He was an authorit>- on

structural bridge work.

During World War I Mr. Freeman
fought with the Ninth Hea\y Siege

Battery.
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LIBRARY NOTES

Prepared by the Library, The Engineering Institute of Canada

•Book notes marked by an asterisk have
been provided through the courtesy of
the Engineering Societies Library in New
York.

"MANPOWER AND INNOVATION IN

AMERICAN INDUSTRY

This study attempts to explain the

expansion in utilization of executives,

managerial personnel, engineers, and
scientists as a function of fundamental
economic forces operating in modern
society. It concludes that the greater

employment of high-talent manpower is

the consequence of innovation and of the

pace of progress in American industry,

and that this trend will increase as the

economic growth of America increases.

(S. E. Hill and F. Harbison, Princeton,

N.J. Industrial Relations Section, 1959.

85p., $2.00.)

*AN OUTLINE OF PHOTOGRAMMETRY

Translated from the German, this text

gives a reasonably concise presentation

of the fundamentais, methods, instru-

ments, and results of photogrammetry
from a practical standpoint. Although
German instruments and methods pre-

dominate, there is an attempt to cover

achievements in other countries also.

Topics discussed are terrestrial photo-
grammetry, serial photography, plotting

serial photographs with simple equip-

ment, rectification of single photographs,
stereophotogrammetry, and applications

of photogrammetry. (K. Schwidefsky.
Toronto, Pitman, 1959. 326p., $13.00.)

*SYMBOLIC LOGIC AND INTELLIGENT
MACHINES

The principies, methods, and purposes
of symbolic logic and Boolean Álgebra,

on which the programming of computers
and some other machines is based, are

explained. The material on symbolic
logic contains a considerable amount of

comparisons and examples, as does the

discussion on machines. The designs of

both small and large machines are pre-

sented, along with the specific problems
involved. The programming of automatic
computers and complex devices such as

robots completes the book. (E. C. Berk-
eley. New York, Reinhold, 1959. 203p.,
$6.50.)

'CAHEERS AND OPPORTUNITIES IN

ENGINEERING

The author indicates what personal
traits and abilities are needed for success

in various fields of engineering and dis-

casses educational requirements and en-

gineering courses. The actual work per-

formed by engineers in different áreas is

described as are salaries and prospects

for advancement. Also included is a

brief hi.story of engineering and a chap-
ter on the opportunities for women.
(P. Pollack. New York, Dutton, 1959.

140p., $3.50.)

"ELECTRONIC WAVEGUIDES

Papers dealing with such aspects as

traveUing wave tubes, dynamics of elec-

tron beams and plasmas, electron plasma
oscillations, propagation in ion loaded
wave guides, double-stress electron beam
systems, boundary conditions at the sur-

face of a slow-wave circuit, nonlinear

O-type backward wave oscillators, space

and time harmonics in electron beams,
and high magnetic field submillimeter

wave generators with parametric excita-

tion. This volume comprises the proceed-

ings of a symposium held in New York
1958 and is issued as volume 8 in The
Microwave Research Institute Symposia
Series of the Polytechnic Institute of

Brooklyn. (Ed. by J. Fox. New York,

Interscience, 1958. 418p., $5.00.)

"molecular SCIENCE AND MOLECULAR
ENGINEERING

In this, the third and final volume in

a series on modern materiais research,

the fundamental molecular properties of

matter and their applications derived by
molecular strategy are presented. Begin-

ning with atoms and molecules, it con-

tinues with the behavior of charge car-

riers in gases, the formation and struc-

ture of condensed systems, dipoles and
their spontaneous alignment in ferroelec-

trics and ferromagnetics, and ions and
electrons in liquids and solids. Among
the specific apphcations considered are

gas-discharge and solid state devices, the

molecular concepts producing masers
and memory systems, transducers, tran-

sistors, parametric amplifiers and ion-

exchange resins. (A. R. Von Hippel. New
York, Wiley, 1959. 446p., $18.50.)

"civil ENGINEERING HANDBOOK, 4th cd.

A handbook, written by various auth-

orities, which covers mechanics of ma-
teriais, stresses in framed structures, steel

design, highway and airport engineering,

water supply, sewage disposal, and other

aspects of civil engineering. In this pres-

ent edition new and expanded material

appears on photogrammetric surveying,

interstate highway system requirements,

soil classification, flow in pipes and chan-

nels, stresses in continuous beams and
frames, welded steel construction, and
reproportioning concrete mixtures for air

entrainment. (Ed. by L. C. Urquhart.

Toronto, McGraw-Hill, 1959. 1184p.,

$20.15.)

"lOGICAL DESIGN OF ELECTRICAL CIRCUITS

Systematic treatment of Boolean meth-

ods for analyzing relay, diode, and

vacuum tube circuits, particularly as used

in the design of automation systems,

computers, telephone dialing systems,

and similar applications. Combinational

circuits, sequential circuits, and shunt-

down circuits are discussed in terms of

Boolean álgebra, and proven methods are

given for simplifying circuits. Problems

in the use of relays such as those relating

to speed of operation and interference

between units are described in detail.

(R. A. Higonnet and R. A. Grea. Toronto,

McGraw-Hill, 1958. 220p., $11.50.)

"PLASTIC ANALYSIS OF STRUCTURES

Presents the techniques necessary in

the analysis of structures beyond the

plastic limit, and the conditions under

which a plastic analysis is appropriate.

The first part of the volume treats in

detail the application of plastic methods

to frame-type structures whose principal

strength lies in their resistance to bend-

ing, and discusses such topics as elastic

plastic deformations, \ariable and re-

peated loading, and direct procedures of

design. The second part is concemed
with combined stresses in beams, circular

plates, and circular cylindrical shells.

(P. G. Hodge, Jr. Toronto, McGraw-
Hill, 1959. 364p., $12.10.)

"the PHYSICS of ELECTRICITY AND
MAGNETISM

The basic theory of electricity and
magnetism is treated in a rigorous man-
ner from the vievvpoint of the physicist.

A modem atomic approach is used to

describe such phenomena as metallic

conduction and the production of chemi-

cal and thermal electromotixe forces.

Topics discussed are charge, field, and
potential; metallic conductors; dielectric

materiais; steady currents; electron leveis;

magnetic field and materiais; alternating

currents; and electromagnetic radiation.
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\ tulK dtvM. iipti\ (• aiul inathcinatiial

titMtinent is jii\on using vector notatioii

aiul interinediate (.'alciilus. (W. T. Scott.

New Vork, Wiley. 1959. 635p., $8.75.)

" rHKRMODYNAMICS

The tundamental law.s and terms of

tlienuod> iianiics are presented from an

engineering per.spective. Topics discussed

iiK-ludo the first and second laws of

thernioiKiianiics; enfropy; ideais gases;

.i\ ailahilit\-, irrmersibility, and efficiency;

reciproeating niachines; power and re-

frigeration cycles; flow through nozzles

and blade passages; thermodynamic rela-

tions and equations of state; combustion;

equilibriuni. Tables of thermodynamic
properties are incKided in an appendix.

(G. J. Van Wylen. New York, Wiley,

1959. 567p., $7.95.)

°THE ENGINEER AND PROFESSIONAL
MANAGEMENT

An introduction to management func-

tions for the engineer beginning his

career. The book is divided into two parts

of which the first deals with such non-

engineering functions as promotion, fi-

nance, professional management, organ-

ization, marketing, advertising, purchas-

ing and public relations. The second part

deals wíth such semi-engineering func-

tions as managerial accounting and
auditing, cost accounting and statistical

control, estimating, valuation or appraisal,

engineering economy, and industrial

technologic research. (H. Rubey. Colum-

THE WARNOCK HERSEY COMPANY LTD.

Inspection, Testíng & Expedíting

for Power Developments.

• SOIL INVESTIGATIONS.

• AGGREGATE SURVEYS.

• CONCRETE QUALITY CONTROL.

• COMPLETE INSPECTION AND
expedíting of ELECTRICAL
AND MECHANICAL COMPONENTS.

• NON-DESTRUCTIVE TESTING.

Atlanfic Division:

481 KEMPT RD., HALIFAX.

Ontário Division:

600 SHERBOURNE ST., TORONTO 5.

Central Division:

233 FORT ST., WINNIPEG.

Quebec Division:

128 ELMSLIE ST., MONTREAL 32

Western Division: 9S29-63rd AVE., EDMONTON.

bia, Mo., Lucas Brothers, 1958. 299p.)

'nuclear REACTORS for POWER
GENERATION

Intended for engineers who are closely

Bevel Gears; Spirai

Bevels up to 34" dia;

High Speed Spirai Bevel

Gear Units; Triple-

Reduction Bevels;

Epicyclic Gears; Racks
and Pinions; Spur,

Helical and Worm Gears;
Complete Gearbox Units

Standard or Special.

Reid Gears
. . . every type . . . every s/ze

Engineers the world over Icnow the

prec/s/on of oor worfc

EXPERIENCE IN EVERY FIELD is the answer

. . . this experience is available to YOU!

We ensure quíck delivery of ali Gear Units

Reid Every type . . . every size . . . for every need

THE REID GEAR CO. LTD. LINWOOD, RENFREWSHIRE, SCOTLAND

associated with the building and opera-

tion of nuclear power plants without

necessarily being responsible for their de-

sign. An introductory section on world

energy requirements in relation to nu-

clear energy programs is followed by
sections on nuclear physics, types of reac-

tors, materiais, the physical basis of

reactor design, safety and instrumenta-

tion, and applications and economics.

(Ed. by E. Openshaw Taylor. New York,

Philosophical Librarv, 1958. 144p.,

$7.50.)

"the ATOM AND THE ENERGY REVOLUTION

A broad introduction to atomic energ\'

and its industrial and social implications.

The author discusses world energy ro-

sources and demand, new sources of

energy, the atom and its energy, methods
of releasing atomic energy, sources of

natural materiais for atomic energy de-

velopment, tlie e.xploitation of atomic

energy, and politicai and conimercial or-

ganizations for atomic energy develop-

ment. (N. Lansdell. New York, Philoso-

phical Library, 1958. 200p., $6.00.)

"analytical transients

Presents the more advanced aspects of

network analysis. Ck)nsiderable emphasis

is placed on the Laplace transfonnation.

and on the Fourier series as a logical

basis for the Laplace transformation.

Attention is given to the convergence of

the series, the sampling theorems, and
the Gibbs phenomenon. Also included

are two significant chapters, the first of

which deals with the behavior of linear

Systems of differenbal equations and the

influence of discontinuous drÍN-ing func-

tions upon their solutions. The second

(Contintied on page 140)
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ONLY GARDNER-DENVER ROTARIES

Gíve you ali these

fleld-proved

portable compressor

advantages

Safe, sure all-weather operation— water-oil

cooling system keeps engine and compressor

temperature constant,

Lubricated cold-weather starting—clutch al-

lows compressor oil to be warmed before en-

gaging compressor.

Positive flood lubrication—instantaneous oil

flow not dependent on receiver pressure.

Fuel economy plus—exclusive Gardner-Denver

"THRIFTMETER"® saves fuel, saves wear

and tear on engine and compressor.

Simplifíed field maintenance— ali compressor

parts are easy to get to, making inspection and

field maintenance faster and easier. See your

Gardner-Denver distributor or write for bulletin.

KEEPING TAB ON PROGRESS

At Gardner-Denver there's no substitute for

men—our philosophy of growth for 100 years.

Gardner-Denver engineers know your field

from field experience . . . keep in constant

touch with men and machinery . . . seek new
ways of developing surer, safer, more produc-
tive equipment.

Left to right, Modeís RP125, RP210, RP365, RP600, RP900.

The ( lardner-Denver rotary requires no major dismantling job
for inspection of working parts. Only a few minutes are required

to remove the 12 cap screws to expose ali the blades for routine
inspection or replacement that assures trouble-free operation.

Gardner-Denver RP900's on Glen Canyon diversion tunnel job
provide trouble-free air for ali phases of this major project.

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontário

Factory: Woodslock, Ontário

Branch Offices: Moncton, N.B.; Montreal, Que.; Sudbury, Ont.; Kirkiand Lake, Ont.; Winnipeg, Man.;

Edmonton, Alta.; Nelson, B.C.; Vancouver, B.C.

MUSSENS CANADA LTD.
Fredericton, N.B.

Montreal and Quebec City, P.Q.

HARVEY & CO., LTD.
St. John s, Nfid.

ATLANTIC SPRING & MACHINE CO., LTD.
Halifax and Sydney, N.S.

DISTRIBUTORS
CRAIG CONSTRUCTION EQUIPMENT LTD.

Ottawa, Ontário

LOVE & McDOUGALL LTD.
151 Kipling Ave., South

Toronto, Ont.

KIPP-KELLY LTD.
Winnipeg, Man.

KRAMER TRACTOR CO., LTD.
Regina, Saskatoon and Tisdale, Sask.

G. M. PHILPOTT CO., LTD.
Edmonton, Alta.

Vancouver, B.C.
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New Typey
New Sizes

by Automatic
Argowelding

Exomple of new Argowelding
application is thís 4'/í" out-

side diamefer field core.

TWICE THE PRODUCTION AT

HALF THE C0ST
"Twice the production — more efficient assembly — in

half the time". That was the report made by Robbins &
Myers Co., Brantford, Ont., on their use — over the last

five years — of automatic Argowelding. This success has

inspired Robbins & Myers Co. to extend the use of

automatic Argowelding to new sizes and types of field

cores — resulting in new savings in time and economy

in production.

New Success for Argowelding — With arbours of

varying sizes, welding of these new types of cores is

carried out under an all-over pressure of 800 Ibs., exerted

over the face of the complete stock of laminations, bind-

ing them tightly and uniformly together. These lamina-

tions are of electromotive steel with a high silicon

content; one type is not annealed, but is nevertheless

welded successfully. Again production has doubled —
with costs cut by half!

FURTHER ADVANTAGES
OF ARGOWELDING

• Argowelding ensures full contact

between blanked laminations; mag-
netic flux flow is not disturbed.

• Outer laminations are not warped
or bowed.

• Argowelding maintains regularity

of inside diameter, giving proper
rotor clearances.

For complete information on auto-

matic Argowelding or any gas or

are welding process, equipment
or supplies, contact your nearest

L.A. Branch or authorized dealer.

Four electric motor field cores auto-

matically welded in one operation at

Robbins & Myers Co., Brantford, Ont.

Canadían LIQUID AIR Company
LIMITED

Branches, plants, stores and dealers from coast to coasl.

• LIBRARY NOTES
{Continued from page 138)

deals with stability, in which a general

application of Sturm's and Routh's

theorems is supplied. (T. C. G. Wagner.
New York, Wiley, 1959. 202p., $8.75.)

'PACKAGE DESIGN ENGINEEHING

Beginning with the basic fundamen-
tais of static and dynamic mechanics,

strength of materiais, and stress analysis,

the text continues with the design char-

acteristics of the tension spring, rubber
shear mount, solid cushioning, and canvas

strap suspension systems. In addition the

peculiarities of corrugated, sheathed

crate, plywood, and metal shipping con-

tainers are discussed, as are the engineer-

ing fundamentais and design application

of dehumidification and pressurization,

vibration, and package test instrumenta-

tion. (K. Brown. New York, Wiley, 1959.

263p., $8.50.)

"eLECTRICAL ENGINEEHING MATERIALS

The basic physical processes respon-

sible for properties of materiais are

stressed in this \olume, which contains

sections on dielectric properties of insula-

tors in static fields, beha\ior of dielec-

trics in alternating fields, magnetic prop-

erties of materiais, conductivity of metais,

mechanism of conduction in semiconduc-
tors, and junction rectifiers and transis-

tors. Simple classical or semi-classical

models are used to develop insight into

the physical mechanisms described. (A. J.

Dekker. Englewood Cliffs, N.J., Prentice-

Hall, 1959. 208p., $8.00.)

"linear NETWORK ANALYSIS

The foundations of network theor\' are

developed in relation to steady-state and
transient responses, time and frequency

responses, and analysis and sjTithesis.

Starting v^ath basic fundamentais the

authors continue with network synthesis,

realizability conditions, and feedback
and control systems. Specific aspects dis-

cussed include computation of netw-ork

functions from any given real part, mag-
nitude, or angle; integral relationships

between real and imaginar)' parts; meth-
od of computing steady-state response

for periodic dri\ing functions; general

treatment of classical filter theor>'; sígnal

flow graphs from the poínt of NÍew of

directed graph tlieory. (S. Seshu and
N. Balabanian. New ifork, Wiley, 1959.

571p., $11.75.)

"STATISTICS OF EXTREMES

Presents tlie theor>' of extreme values

and rare events, and indicates how it

may be applied to such problems as pre-

ventiva measures against floods and
droughts, calculating tlie risk involved

in construction, and calculating tlie en-

durance of metais. A knowledge of cal-

culus, anahtical statistics, and prob-

(Continucd on page 143)
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• LIBRARY NOTES
(Continued from page 140)

ability theory are required, although in

niany instances graphical procedures are

used to replace complicated formulae.

The book covers order statistics and
their exceedances, exact distribution and
analytical study of extremes, the first

asymptotíc distribution and its uses, the

second and third asymptotic, and the

asymptotíc theory of the range. (E. J.

Gumbel. New York, Cokimbia University

Press, 1958. 375p., $15.00.)

"the MEASUHEMENT of POWER SPECTRA

Review of power spectra analysis for

Communications engineers, digital com-
putar designers, and statisticians. The
book is divided into two parts, the first

deahng with the broad aspects of the

subject, and the second with certain de-

tails and derivations.

Continuous records of finite length,

equally spaced records, analysis, plan-

ning for measurement, and fundamental
Fourier techniques are discussed. The
present edition is reprinted from the "Bell

System Technical Journal" with the ad-

dition of an index and a preface. (R. B.

Blackman and J. W. Tukey. Toronto,

McClelland and Stewart, 1958. 190p.,

$2.05.)

°THE MANY BODY PHOBLEM

Papers presented at the School of

Theoretical Physics of the University of

Grenoble. Topics discussed include the

perturbation theory of many Fermion
Systems; nuclear structure; many body
systems; nuclear matter; collective and
spurious degrees of freedom in nuclear

models; the Bogohubov canonical meth-
od and its application to nuclei; elec-

trons, plasmons, and phonons; supercon-
ductivity; the hardsphere Bose gas and
the method of pseudopotentials. (New
York, Wiley, 19.59. 675p., $15.00.)

"heat transfeh and fluid mechanics
INSTITUTE, 1959. Preprints of papers.

Papers concerned with current, funda-

mental research. Sections included deal

with rarefied gas flows; magnetohydro-
dynamics; fluid mechanics and heat

transfer; ablation, mass transfer, and
separation; new and unusual research.

These constitute preprints of papers given

at the Institute held at the University of

Califórnia in Los Angeles. (Stanford,

Univ. Press, 1959. 243p.)

"engineertog and organization

The goals of engineering are defined
and the standards by which its perfor-

mance can be evaluated are established.

The greatest portion of the book is con-

cerned with the place of the engineering

process within the over-all structure of an
industrial enterprise, and discusses such
aspects as management, product specifi-

cation, budget, design, production, sell-

ing, buying, maintenance, and personnel.

The author is primarily concerned with
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BELtI£l.ETYPE and

MOI^N DATA PROCESSING^^

...theyYe natural partners!

Integrated Data Processing — IDP — is the

modern automation method of mechanizing paper-

work. By a single typing, paperwork can be
integrated between locations through teletype.

Thus, with IDP and Bell Teletype you can
distribute data (orders, reports, etc.) across the

city or across the country through one simple

operation.

Moreover, this time-saving method is based on
today's modern "mechanical languages", so the

punch tape shown here can actuate many different

types of business machines, increasing still further

the usefulness of IDP.
With maintenance service as dose as your local

telephone office, Bell Teletype equipment is

your dependable Communications component of

IDP systems.

Consult Bell communication specialists on how
data processing can be integrated between ofRces,

factories and warehouses.

For the bookiet "BELL TELETYPE S Place In Your IDP

Program", write or phone (collect) to:

MONTREAL— 1060 University St.

Tel.: TR 0-2981

TORONTO — 393 University Ave.
Tel.: UN 1-2151

BELL TELEPHONE COMPANY OF CANADA .
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New!

Kidde

Carbon

dioxide

portables

awarded

highest U.L ratings!
Montreal, Que. — A spokesman for Walter Kidde & Company of

Canada Ltd. announced here today that two of the Kidde Com-
pany's new portable fire extinguishers have been awarded the

Underwriters' Laboratories highest ratings for their respective

capacities. To those interested in íire safety, this means that, pound
for pound, these new Kidde units have more fire-killing power
than any other carbon dioxide extinguishers on the market today.

Available in 15 and 20 pound capacities, these power-packed

Kidde units feature new hose and discharge hom assemblies,

which are responsible for their extra fire-fighting abiHty. The new
assembly is suppHed also with Kidde's 10 pound carbon dioxide

portable which has a U. L. rating not exceeded by any other extin-

guisher of its capacity. This hose-horn combination is also being

offered as a replacement unit for existing 10, 15 and 20 pound
carbon dioxide units, and when attached will upgrade their effec-

tiveness equal to the new ratings.

For more Information on these top-rated Kidde carbon dioxide

portables write Kidde today.

Industrial and Marine Division

Walter Kidde & Company of Canada Ltd.

Montreal—Toronto—Vancouver

• LIBRARY NOTES

fundamental principies as a basis for

establishing standards, rather than with

present-day practice. (E. Laitala. Toronto,

General, 1959. 391p., $7.95.)

"hANDBOOK of the ATOMIC ENERGY
INDUSTRY

Provides a broad summary of the

atomic energy industrj' throughout the

world. Included are training and educa-

tion; atomic structure; nuclear fuels and

reactors; metais used in atomic energ>-;

industrial, biological, and agricultural

uses of radiation and radioactive isotopes;

radiation hazards and protection; the

handling of radioactive isotopes; radio-

active waste disposal. (Ed. by S. Jeffer-

son. Toronto, British Book Ser\dce, 1958.

Various paging, $8.00.)

"disposal of radioactive waste

Provides information relating to tlie

basic data on which the safe Umits for

radioactive discharge are considered. Dis-

cusses the formation and nature of radio-

active waste, the biological effects of

radiation, discharge to the natiiral en-

vironment, and the treatment of airborne

wastes, liquid effluents, and solid wastes.

The problems likely to arise in the future

and the means of coping with them are

considered, as is the utilization of in-

dividual fission products. (K. Saddington

and W. L. Templeton. Toronto, British

Book Service, 1959. 102p., $4.50.)

*statistical qvality controi.

Written for management personnel

who wish to familiarize themselves \viúi

statistical qualit>- controi without tlie

necessity of mastering the mathematical

details of the technique. FoUowing an

introduction to the concepts im-ohed

and their place in management, the basic

tools are then described including sta-

tistical concepts, process capabilities,

statistical controi charts, and statistical

acceptance sampling. The book concludes

with the methods used for investigations

and their field of apphcation and limita-

tions. (D. H. W. Allan. New York, Rein-

hold, 1959. 129p., $3.50.)

*work measubement

The need for better planning is stressed

in this \ olume which discusses tlie setting

of work standards and how to use and

maintain them. Ali phases of the work

measurement program are presented:

why work is measured and what it

means to compan>- personnel; tlie stan-

dard data approacli; the econoniics of

work measurement; tlie consultant's role;

labor relations and work measurement.

The methods and procedures described

were dc\eloped from the first-hand ex-

perience of management consultants and

industrial engineers activeh- engaged in

the field of work measurement. (\'. H.

Rotroff. New York. Reinhold. 1959.

203p., $4.85.)

(Continued on page 146)
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tONTROLLED POWER

REPRE5ENTATIVES:

Foulis and Bennett,
Sr. John's, Nfid.

Allan Thompson,
New Glasgow, N.S.

MacKoy-Morton Ltd.

Winnipeg, Man.
Regina, Sask.

MacKay-Morton (Western) Ltd.

Edmonton, Alta.

Colgary, Alto.

for primary or auxíliary services

requiring absolute reliability.

They provide efficient maintain-

ance-free service for years.

Pirelli's skilled engineers will

recommend the cable best suited

to your needs . . . for high

or low voltage tronsmíssion and

distributíon.

Cables, Conduits Limited
st. Johns, Que. Canada

Sales Offices: MONTREAL TORONTO VANCOUVER

P P Q D U C T Q_F CANADA



• l.IBHARY NOTES
(Contiiiiitd froiu paíic 144)

"theohy ok bkams

Disciissfs tlu- applicatÍDii of the

Laplace Transforniation inetliod to the

solulion of tlu' ordinary differential

tHiuafions whidi occur in the theory of

boanis. Solutions are obtained for beams
on two supports iinder various condi-

tions of end fixiiig as well as for con-

timioiis beams both with rigid and elas-

tic supports. hl addition the author de-

rives a solution of the differential equa-
tion of the ehistic curve for the case of

a beam with variable rigidity and defines

the load function for this case. (T. Iwin-

ski. New York, Pergamon, 1958. 85p.,

$3.50.)

"aNALYSIS of linear SYSTEMS

A detailed presentation of the two
essential steps involved in the analysis

of a Unear physical system: the setting

up of the mathematical equations that

describe the system in accordance with

physical laws, and the solution of these

equations subject to appropriate initial

or boundary conditions. In the formula-

tion of the equations that describe a

physical system, emphasis is placed upon

electrical circuits. To deal with systems
other than electrical, a chapter on ana-

logous systems is included which treats

in detail methods for drawing electrical

circuits analogous to Unear mechanical
and electromechanical circuits. The La-
place transform method of solvóng linear

differential and integrodifferential equa-
tions is stressed. (D. K. Cheng. Reading,
Mass., Addison-Wesley, 1959. 431p.,

$8.50.)

"tignes

This group of papers by engineers

connected with the work, covers fuUy
the hydraulic installations of Tignes in

the French Alps. The Tignes Dam, one
of the highest in the world is described

in detail, as are the problems encountered
in its construction. The power plants at

Bré\ière, Le Chevril and Ponturin, and
the central plant at Malgo\'ert are

similarly treated. The book is profusely

illustrated with photographs and dia-

grams. (Paris, Hoiiille Blanche, 1958.

440p., 8000 fr.)

"STAUANLAGEN UND WASSERKRAFTWERKE.
Teil 1: TALSPERREN, 2d ed.

Part I of a tliree-volume set on h\ dro-

electric power plants, this volume gi\"es

a concise but comprehensive description

and analysis of the various t\pes of

modern concrete gravit>% arch and earth

dams, with a wealth of illustrati\e

sketches and photographs from existing

installations. Auxiliar>' structures and
equipment are also shown, and tíiere is

a bibliography of over 1200 items. Con-
siderably enlarged from tlie pre\ious

edition. (Heinrich Press. Berlin, Ernst.

1958. 395p., 54 DM.)

"mastgrundungen fvh freileitvngev.
fahrleitungsanlagen und
bahnspeiseleitungen

A manual for the design of concrete

pole foundations for liigh-tension o\er-

head lines, trolley wire installations. and
railway feeders. It provides a conipre-

hensix e treatment of tlie calculations in-

voh ed in designing the niost economical

foundations, including nimierous graphs

for rapid detemiinations. (M. Suberknib.

Berlin, Ernst, 1958. 124p., 19.80 DM.1

"bEWEGUNGSFUGEN IN BETON- UND
STAHLBETONBAU

Dealmg witli expansion joints in con-

crete and reinforced concrete construc-

tion, this book discusses the importance

of such joints and gives more than 300
examples of the design and constnictioii

of buildings and other structures incor-

porating them: silos, tanks, swimming
pools, bridges, harbor works, pipelines,

roads, tirnnel and mine structures, etc.

(A. Kleinlogel. Berlin, Ernst, 1958. 272p..

34 DM.)

°DiE berechnunc der zylinderschalen

Following tlie opening chapter on the

fundamentais of shell theory, tlie author

de\otes each of the subsequent cliapters

REPORTS

Stone & Webster reports have

dealt with a wide variety of subjects,

ranging from specific technical prob-

lems to investigations covering ali

phases of eompany activities and the

establishment of new enterprises.

These include process development,

operational studies, plant loeation,

and estimates of capital and produc-

tion costs.

During the past 25 years more

than 3,000 reports have been made by

Stone & Webster for clients in the

pulp and paper, iitility, industrial

and other fields.

STONE & WEBSTER
CANADA LIMITED

44 King Street West — Toronto 1

917 Lancaster Building — Calgary

^
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"... and Pozzolith jobs are

serviced by a coast-to-coast

organization of

seasoned concrete technicians."

Research, Engineering and Concrete Control Divisions

THE MASTER BUILDERS COMPANY, LTD.

Technically trained representatives in ali principal cities

Vancouver • Edmonton • Winnipeg • London • Toronto * Montreal • Saint John

to the calculation of full or partia! cylin-

ilrical shells under various conditions.

l'articular attention is paid to barrei roof

construction. The author uses the

inodel-shell" concept as a basis. There

are over 200 references in a selected,

L lironological bibliography. (A. Aas-

lakobsen. Berlin, Springer-Verlag, 1958.

160p., 22.50 DM.)

^THE DESIGN OF PRISMATIC AND
CYLINDRICAL SHELL ROOFS

Simplified methods of design are given

tor prismatic and curved cylindrical shells

uf any geometric form, under varying

conditions of loadings, support and con-

tinuity. The structure is split into com-
patible elementary structures, and these

are designed by elementary methods
based on the theory of structures. Ap-
proximation methods are applied

tliroughout, and only a small number
(if linear equations have to be solved.

Fully worked out e.xamples illustrate the

application of the methods described.

íD. Yitzhaki. Amsterdan, North Holland,

1958. 253p., 42 guilders.)

° CIRCUIT THEORY OF LINEAR NOISY

NETWORKS

Discusses a method of determining the

single-frequency noise performance of

an amplifier and its optimization. The
properties of linear noisy networks that

are invariant under lossless network
transformations are analyzed. These in-

\ariants are detennined for multitermi-

nal-pair networks, and their physical in-

terpretations in terms of a generalized

available power" are presented. The
invariants are then considered for the

special case of a linear two-terminal-pair

amplifier, and are shown to establish a

lower limit on its noise perfomiance.
Various ways of achieving this limit are

presented for ali classes of amplifiers,

including those with negative resistance.

(H. A. Haus and R. B. Adler. New York,

Wiley, 1959. 79p., $5.00.)

"the ALCERRA of ELECTRONICS

Reviews the mathematical principies

involved in the solution of problems in

the field of circuit theory and design.

Starting with graphs of networks and
the relation of Kirchoffs law to Ohm's
Law, the author continues with loop-

branch relations in tabular form, model
analysis determinants, Laplace's expan-
sion of determinants by cofactors, solu-

tion of simultaneous equations, and
Fourier waveform analysis. Applications
to specific problems are considered and
include series tuned circuits, impedance
matching, amplifiers, noise, and niodula-

tion, demodulation, and distortion. (C. H.
Page. Toronto, Van Nostrand, 1958.

258p., $9.75.)

°DECISION-MAKING AND PRODUCTIVITY

The author attempts to show that

major alternatives in industrial decision-

making exist and have discernible effects

on productivity. He also attempts to de-

fine some of the oj)portuniites that exist

for accelerating the growth of produc-

tivity. The book is divided into four

sections covering alternative methods for

productivity growth, decision-making by
the imion, decision-making by manage-
ment, and the effects of union and
management decision-making on produc-
tivity. (S. Melman. New York, Wiley,

1958. 206p., $7.00.)

BOOK REVIEW

EARLY ENGINEERING EDUCATION
AT TORONTO 1851-1919

Usually the record of current events

which ultimately niakes up a history, is

not good enough to well serve the pur-

pose. Histories as such are written by
people who come after the events and
who frequently have only the fragmen-

tary and frequently inaccurate writings

of an earlier people upon which to base

their story. Such historians, too, are fre-

quently biased so that their interpreta-

tions of the record may well vary from
historian to historian, as can be seen

readily in histories of nations and races.

Canadian engineers are fortunate that

within their midst there is a man who Las
the patience, the understanding and the

ability to seek out the early developments
in engineering education in Canada and
to do it before the events become
obscured by the passing of time. Such
a man is Dr. Clarence Richard Young,
Consulting engineer, educationali.st, author

and historian.

This volume is Dr. Young's latest pub-
lication. It is a fascinating and well

documented stor>' of the early tliinldng of

Canadian educationalists on the question

of providing a course of a technological

nature in the Province of Ontário.

The story should be interesting to ali

Canadian engineers but in particular to

those who passed through the halls of the

"School" at the University of Toronto. Dr.

Young has searched the written record

for a multitude of details, and has drawn
on his own knowledge gained from con-

tacts with many of the pioneers in the

field of education. The result is a story

which is complete, accurate and readable.

As the title suggests, it relates principally

to the University of Toronto, but as well

it includes many references to other

Canadian universities and provinces.

As would be expected, a history of this

kind would have to be a biography of

those stalwarts who fought hard and long

for the establishment of technical educa-

tion. Dr. John Galbraith, the founder of

engineering education at Toronto, and his

close associate, Dr. W. H. Ellis, have
already been recognized as great men,
but ^vith the presentation of this detailed

story of their struggles and success they

grow even to greater stature. The pro-

fession is indeed indebted to them, and
to Dr. Young for seekdng out the story

and presenting it in such excellent form.

Many other important earlj- engineers

are woven into the story such as Cumber-
land, Marshall, Herrick, Amistrong,

Brydone-Jack, Cregan, Chapman, Flem-
ing, Keefer, MacDougall, Thomson, Croft,

Tyrrell, Stewart, Dawson and others.

Few members of the engineering pro-

fession in Canada write as well as does
"C.R.". It is a delight to go through these

pages, not only because the story is in-

teresting but because it is so well told

—and in such good English. It \\ould

(Continued on page 150)
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Power behind



steel

Ravenscraig. near Mothei well in Scotland. is the site of the latest aiid most

important addition to the iron and steel industry of Scotland to which

Colvilles Ltd.. have already contributed so much.

Here, from an undeveloped site. the first phase of this expansion. con-

tributing more than a thousand tons of iron daily. was put into operation

within three years. In this achievement the G.E.C, assumed responsibility

for the whole of the power plant. This included the civil work. cooling towers.

boilers. three turbo alternators. two turbine driven blast furnace blowers,

two turbine driven pumps. and ali associated switchgear. transformers and

ancillary equipment to control the gas. steam and electric supplies.

Electrical connection to the South of Scotland Electricity Board system

and to other works of Colvilles Ltd. was also undertaken by the G.E.C.

The G.E.C, organisation. with its resources and experience is well able to

undertake any such power project for industry or public- utility. whether

embodying nuclear or conventional thermal power source.

generators and blowers

(íENERAI. ELECTRIC COMPANY LIMITED OF ENGLAND HEAD OFFICE: MAGNET HOUSE, KINGSWAY. LONDON, W.C. 2.

1 American enquuies to : Amalgaiiiated Electric Corporation Limited. 384 Pape Avenue. Toronto. 6.



• 1 IHRARY NOTES
(i\>iitiiiincl froni ixigc 1-17)

m.ikf i^MvUout itMiuirod roading for any
stiuliMil or \inint; ongimuT.

Tl) illiislrato tlu- philosopliy of some
of tlu- filiK-atioiíalists of tliose times, and
tlu'ir opposition to an>ihing practical,

Hr. Yoimi; (piotos tho prcsidcnt of King's

CoUogi'. of Fredcricton, N.B. (novv

l'iu\<.'rsit>' of New Brunswick), who in

1851 said: "To tliose who would make
thc collego a polytcchnic institution we
niay not promise niucli more in the way
of merely practical teaching; we must
not lísteii to the cry that calls us from the

pursuit of truth and virtue to the lower

paths and grosser occupations of the

multitude." What would he say if he
knew that today practically fifty per cent

of tho enrollment at the University of

New Brunswick is in engineering?

To show there were others not so

narrow in their outlook, Dr. Young
quotes from an editorial published in a

local paper: "To be intimately and criti-

cally acquainted with the writings of the

philosophers, historians, and poets of

Greece and Rome is a luxury confined

to the aspirations of the few—not a

necessity for the many. The many of this

fast and labouring epoch look for knowl-

edge that contributes relief to the wants,

1

She demands-and deserves-the very best. In and out of

showers, as she often is, she even knows the name— which is

Rada. A Rada shower— exhilarating, refreshing, relaxing— is a

shower controlled (the temperature, firmly and steadily, as you
wish it) by a Rada thermostatic valve.

Rada is not only used for showers. Everywhere— hospitais,

schools, hotéis, ships, industry—where water temperature has

to be relied on as constant, there you find Rada thermostatic

valves. The name again is Rada.

Write for pamphiet No. 154 to Walker, Crosweller & Co. Ltd.,

I6th Avenue East, Markham, Ontário; or phone Markham 277.

Our manager's name is George Starr.

and will meet the exigencies of the

passing hour. Mental hfe in a new coun-

try cannot afford the time required to

detect the subtleties of the Areopagitica.

or to elaborate the conceits of a Sappho,

or wade tfirough the nonsense of a

fabulous mythology. The present is over-

loaded with the practical."

In addition to being distinguished as

an educationalist and an author, Dr.

Young has served and been honoured
by many organizations. He was president

of The Engineering Instítute of Canada
in 1942, was made an honorary member
in 1949, and received the Sir John
Kennedy Medal in 1951. He retired from
the deanship of the Faculty of Applied
Science and Engineering at Toronto in

1949 after serving there for over forty-

two years. Since then he has continued

fiis Consulting practice with great success.

"Early Engineering Education at Tor-

onto 1851-1919" is a real addition to the

ali too limited volume of Canadiana.

(Toronto, University Press, 1958. 152p.,

$3.95.)

L. A. Wright, m.e.i.c.

PEACEFUL USES OF ATOMIC ENERGY, 2nD
INTERNATIONAL CONFERENCE. PROCEED-
INGS.

V.8, NUCLEAR POM'ER PLANTS, PART I

The ofBcial Proceedings of the Second
International Conference on the Peace-

ful Uses of Atomic Energj' are now being

issued by the United Nations. This eighth

of thirty-three volumes covers sessions

G-3, G-6 and G-7.

The first of these heard seven papers

on experience with operating nuclear

power plants in the United Kingdom.
United States, France and the So\iet

Union. The second session \^'as concemed
with the use of nuclear energy for pur-

poses other than the generation of

electricity, and included papers on the

Russian ice-breaker Lenin, the U.S.A. s

N.S. Savannah, the Japanese submarine

atomic powered tanker, nuclear propul-

sion for ships, nuclear energ>' for heat-

ing, and the use of nuclear energy in

industry.

The third session heard reports on

future construction plans for nuclear

power plants in Canada, Czechoslo\ alda,

France, Italy, U.S.S.R., U.K., U.S.A..

Sweden and Belgium. Tliis \^olume also

contains a Catalogue of operating nuclear

reactors. (Geneva, United Nations, 195S.

584p., $14.00.)

V.12 REACTOR PHYSICS

The sixty papers included in tliis

volume represent the niajority of those

presented at the Conference on this sub-

ject. The three sessions co\-ered were

concemed with fast and intennediate

reactors, liquid moderated reactors, and
solid moderated reactors.

Specific topics discussed include fast

reactor physics, fast, intennediate and

couplod reactors, fast reactor safetv-, DjO
and H.jO sxstems for liquid moderated

reactors, and bor>lIia. graphitc and com-
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posite systems for solid moderated re-

actors. (United Nations, Geneva, 1958.

767p., $18.50.)

"usines de derivation

A treatise on hydraulic plants which
utilize water diverted by means of canais,

tunnels and pressure pipe lines. The first

volume treats of water-intake systems,

describing these from the point of view
of climate, topography and fish protec-

tion. The formulas, equations and laws

involved in calculating hydraulic con-

struction are then discussed at length.

The second volume covers forebays and
pressure pipe hnes with emphasis on
prestressed high-pressure pipe. There are

sections on water hammer, and surge

tanks and the author ends the second
volume with a discussion of underground
hydraulic plants. ( H. Varlet. Paris, Eyrol-

les, 1958. Two volumes. 4600; 4400 frs.)

"COST MANUAL FOR PIPING AND
MECHANICAL CONSTRUCTION

The purpose of this volume is to help

estimators to arrive at reUable figures as

well as to provide plant maintenanre
managers and engineers with a means of

checking estimates submitted to them.
Following preliminary material on plant

and Service accounts, types of estimates,

standard hours, direct costs, and pay
statements, tables are presented on piping

installation, mechanical construction,

comparative unit-costs, and miscellaneous

data. The tables provide unit costs cal-

culated in man-hours, and therefore are

not subject to constant changes in labor

cost. (H. Herkimer. New York, Chemical
Pub., 1958. 176p., $10.00.)

"tECHNOLOGIE DES RE.4CTORS NUCLEAIRES,
TOME I MATERIAUX

An introduction to the fundamental
concepts of nuclear technology. The
efiFects of radiation on various materiais

are analyzed and classified. This is fol-

lowed by a discussion of the behaviour
of reactor materiais, their mechanical
properties and radiation damage, as well

as the modification of physical properties

or the fomiation of new substances.

Nuclear fuels and non-fissionable materi-

ais provide the subject matter for seven
chapters, while recent developments in

uranium, heavy water, beryllium and
cermets are described. (P. Ageron and
others. Paris, EyroUes, 1959. 567p.,

6900 fr.)

"introduction to the theory of sound
transmission

Transmission of sound is discussed

with specific appUcation to transmission

in the ocean. The fundamental relations

and general theory underlying the theory

of sound transmission are presented and
then foUowed by transmission in shallow
water, transmission in deep water, re-

flectivity, and attenuation. Mathematical
derivations are developed in some detail,

and physical explanations of theoretical

results are given where possible. Modem
advances are covered with particular

emphasis on developments during the

past twenty years. (C. B. OflRcer.

Toronto, McGraw-Hill, 1958. 284p.,

$11.00.)

TECHNICAL BULLETINS AND
PAMPHLETS RECEIVED

Granular materiais. Size determination
Review and evaluation of methods of
particle size analysis, by R. F. Pilgrim.
Ottawa, Dept. of Mines and Technical
Surveys, Mines Branch, 1958. IC 106. 25c.

Industrial manpower
Training and recruitment of skilled
tradesmen in selected industries in Can-

Precise photo
Here is ali the detail of an air photo,

combined with precise contours.

Highways or other engineering

work can be planned in the office.

Field personnel can quickly locate

criticai points, spot elevations and
drainage patterns. Soils and outcrop

data can be correlated with the basic

map. Photo Contour Maps are avail-

able in various contour intervals

and scales. Prepared on stable base

ada 1951-1956. Ottawa, Dept. of Labour,
Economics and Research Branch, 1957.
25c.

Instruments
British Instruments; directory and buyers'
guide, 1959. London, Scientific Instrument
Manufacturers' Association, 1959.

Roads and streets

Flexible pavement design — research and
development 1958. Wash., Highway Re-
search Board 1959. (Bulletin 210) $1.20.
Subsurface drainage of highways and air-
ports. Wash., Highway Research Board,
1959. (Bulletin 209) 50c.

Snow
Factors affecting snowmeit and stream-
flow; a report on the 1946-53 Cooperative
Snow Investigations at the Fraser Ex-
perimental Forest, Fraser, Colo., by W. U.
Garstka, and others. Denver, U.S. Dept.

(Continued on page 155)

contour maps
film negatives, they aíFord a variety

of reproduction methods : photo-

graphic prints or Ozahd prints, show-

ing photo image only, contours only

—or both. This is a true map—not a

mosaic with superimposed contours.

We welcome the opportvmity to

discuss the application of this new
mapping aid to your planning and
design problems.

CANADIAN AERO SERVICE LIMITED
348 Queen Street • Ottawa

THE ENGINEERING JOURNAL—OCTOBER, 1959 151



she lost her showroom
finish long ago!

But who wants glamour in a slogger? And that*s just what this Ruston

LBU is? She's doing an efficient job of slogging underground

haulage at one of Ontario's Nickel Mines with three other Ruston

locos, the first of which went into service at the mine 8 years ago.

But Ruston locos are well known for their stay-on-the-job, trouble-free

qualities . . . that's wliy many of these tough diesel locos are

operating in other Canadian mines. IVrilc to your nearest Ruston Office

or Agent for complete infonnation on these cost-cutting diesel locomotives.

diesel mines locomotives
Models from 3i to 10 tons— for naked fiame and gassy workings

RUSTON & HORNSBY I.TD - TORONTO, VANCOUVER & MONTREAL
RUSTON BRANCHES AND DISTRIBUTORS

NEWFOUNDLAND: Steers Ltd., St. /ohns. NEW BRUNSWICK & NOVA SCOTIA: Atlantic Bndge Co. Ltd.. Lunenburg. N.S. EASTERN ONTÁRIO: Ruston & Hornsby Ltd.. Toronto

QUEBEC: Ruston & Homsby Ltd.. Montreal. WESTERN ONTÁRIO (LAKEHEAD): Northiand Mochinery Supply Co. Ltd.. Fort William.

MANITOBA & SASKATCHEWAN: Mumford Medland Ltd.. Winnipeg & Regina. ALBERTA: Federal Equipment (Western) Ltd.. 1 3 1 20-1 2Sth Avenue Edmonton

BRITISH COLUMBIA: Ruston & Hornsby Ltd.. Vancouver.
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01 the Interior, Bureau of Reclamation,
1958. $1.25.

Soil mechanics
Annual report of the Canadian section of

the International Society of Soil Mech-
anics and Foundation Engineering for

year ending June 1958; including member-
ship list of the Canadian section, pre-

pared by C. B. Crawford.
Proceedings of the fourth Muskeg con-
ference, March 11, 1958. Ottawa, National
Research Council, Associate Committee on
Soil and Snow Mechanics, 1958. (Tech-

nical Memoranda nos. 54 and 55.)

Stabilization of soil with calcium chloride,

annotated by F. O. Slate and A. W.
Johnson. Wash., Highway Research Board,

1958. (Bibliography 24)

Schools
Legal liability of school boards and
teachers for school accidents, by R. L.

Lamb. Ottawa, Canadian Teachers' Feder-

ation, Research Division, 1959. (Research

study no. 3)

Aerodynamícs
Effect of standing vortex on flow about

suction aerofoils with split flaps, by

P. Mandl. Ottawa, N.R.C. , 1959. (Aeronau-

tical report no. LR-239.)

Aircraft ^ í _
Note on the minimum power required tor

flight at low airspeeds, by R. J. Templm
Ottawa N.R.C., 1959. (Aeronautical report

no. LR-245). _ ...^
A preliminary analysis of the penalties

associated with piercing a wing torsion

box with a grid of holes, by A. H. Hall.

Ottawa, N.R.C., 1959. (Aeronautical report

no. LR-236.) ^ ^ i „
Analysis of a cantilever beam developmg
an isoplastic response under impact at the

tip by A. H. Hall and V. L. Saxon. Ottawa.

N R C, 1959. (Aeronautical report no.

LR-237.)

Beams and girders
A survey of residential post-and-beam
constructlon in greater Vancouver, 1957-

1958 by V. F. Lyman. Ottawa, N.R.C.,

Division of Bldg. Research, 1959. (Techni-

cal paper no. 70.) 50<t.

Canada. Northwest Territories
Potentialities of the Northwest: an en-

gineering assessment, by R. F. Legget.

Ottawa, N.R.C. , Div. of Bldg. Research,

1959. (Technical paper no. 65 ) 25í.

Computers
Transfer-function discovery on the pace
analogue computer, by J. H. Milsum.
Ottawa, N.R.C. , Div. of Mechanical En-
gineering, 1959. (Mechanical engineering
report MK-2)

Construction industry
Modular co-ordination cuts design and
building costs, by S. R. Kent. Ottawa,
N R C , Div. of Bldg. Research, 1959.

(Technical paper no. 58). IO*'. The tech-

nological properties of brick masonry in

high buildings, by P. Haller. Ottawa,
N R C. 1959. (Technical translation no.

792)

Fires and protection
Fire research and fire prevention; pro-

ceedings of a conference held October
1-3, 1958 in Ottawa. Ottawa, N.R.C. ,

Div.

of Bldg. Research, 1958. (Bulletin no. 2.)

$1.50.

Hydroelectric power plants
The Stornorrfors power plant, by T. Nils-

son. Stockholm, Swedish State Power
Board, 1959. (Blue-white series, no. 19E).

The Swedish state power administration,
by L. Fritz. Stockholm, Swedish State
Power Board, 1958. (Blue-white series 20)

Metals and alloys
The behaviour of fine copper-nickel alloy
wires with negative temperature co-

efficients of resistance, by W. Wiebe. Ot-
tawa, N.R.C., 1959. (Mechanical engineer-
ing report MS-lOO.)

Soil mechcuiics
Heat and moisture transfer in closed sys-
tems of two granular materiais, by W.
Woodside and J. B. Cliffe. Ottawa, N.R.C.

.

Div. of Bldg. Research, 1959. (Research
paper no. 77.) 25#.
Heat transfer in a moist clay, by W.
Woodside and C.M.A. de Bruyn. Ottawa,
N.R.C. , Div. of Bldg. Research, 1959. (Re-
search paper no. 79.) 25<'.

Soil engineering problems on the Quebec-
North Shore and Labrador railway, by
K. B. Woods, R. W. J. Pryer, and W. J.

Eden. Ottawa, N.R.C., Div. of Bldg. Re-
search, 1959. (Technical paper no. 72). 25<t

Tubes
Tube and semiconductor selection guide,
1958-1959, comp. by Th. J. Kroes. 2d rev,
ed. Eindhoven, Holland, Philips, 1958. $1.50.

Vibrations
Human sensitivity to vibration, by D. T.
Wright and R. Green. Kingston, Queen's
University, 1959. (Report no. 7.)

Wind tunnels
Boundary layer transition on a 10-degree
cone in the N.A.E. 30 - X 16-inch wind
tunnel, by J. van der Bliek. Ottawa,
National Aeronautical Establishment, 1958.
(Laboratory report LR-232). Drag measure-
ments on agard model 'A' in the N.A.E.
30- X 16-inch wind tunnel and comparison
with other data, by J. A. van der Bliek.
Ottawa. National Aeronautical Establish-
ment, 1958. (Laboratory report LR-233.)
Notes on half model testing in wind tun-
nels, by .T, A. van der Bliek. Ottawa.
National Aeronautical Establishment, 1959.
(Laboratory Report LR-235.)

REPRINTS ISSUED BY
DOVER PUBLICATIONS, NEW YORK
Advanced calculus; a text upon select

parts of differential calculus, differential
equations, integral calculus, theory of

functions, with numerous exercises, by
E. B. Wilson. 1958. 566p., $2.70.
Computational methods of linear álge-

bra, by V. N, Paddeeva. 1959. 245p., $2.15.
The dynamics of particles and of rigid,

elastic, and fluid bodies; being lectures
on mathematical physics, by A. G. Web-
ster. 2d. ed. 1959. 588p., $2.60.

Elastícity, plasticity and structure of
matter, by Dr, R. Houwink; with a chap-
ter on the plasticity of crystals by Dr.
W. G. Burgers. 2d. ed. 1958. 368p., $2.45^
Guide to the literature of mathematics

and physics including related works on
engineering science, by N. G. Parke III.

2d. rev. ed. 1958. 436p., $2.49.
An introduction to Fourier methods

and the Laplace transformation, by P.
Franklin. 1958. 289p., $1.65.
Introduction to symbolic logic and its

applications, by R. Carnap. 1958. 241p.,
$2.05.
Linear groups with an exposition of

the Galois field theory, by L. E. Dickson.
1958. 312p., $2.15.
Meson physics, by R. E. Marshak. 1958.

376p., $2.15.
Theory of functionals and of integral

and integro-differential equations, by V.
Volterra. 1959. 221p., $1.95.

The value of science, by H. Poincaré.
1958. 147p., $1.50.

Loam"mm for capital

expansion

Many industrial enterprises with good

prospects but in need of finances will be

started or expanded this year in a way that

provides a sound basis for development

through the financial assistance of the In-

dustrial Development Bank.

Information about I.D.B. financing in the fields of:

• Manufacturing • Repairing • Processing

• Transportation • Construction • Air Services

• Packaging • Engineering etc.

can be obtained from your banker, auditor or

lawyer or from the nearest office of the Industrial

Development Bank listed below:

INDU STRMAL
DEVELOP ME\T BANK
Established in 1944 by the Government of Canada to help in fi-

nancing new or expanding small and médium sized enterprises.

I. D. B.

regional

ofíices



Found:
a vaive

responsive to

sensitive

instrument

control, with

low maintenance

Grinnell-Saunders* Straightway Diaphragm Valves were orig-

inally selected by Mead Corporation for stock levei control at

its paper making plant. Mead's instrumentation specialists

wanted a valve which would provide fine control in response

to sensitive instruments.

Because these Straightway Valves also avoid difficulties

from clogging, stringing and dewatering as well as leakage,

plugging, sticking and erosion, they have since been specified

for other services throughout the plant.

Grinnell-Saunders Straightway Diaphragm Valves solve

tough problems in many piping systems. They provide special

benefits in lines handling corrosive fluids, viscous material,

fibrous slurries, sludges, solids in suspension and semi-fluid

materiais.

These highly efficient valves provide streamlined flow,

positive closure, complete isolation of operating mechanism,

minimum maintenance. interchangeability of parts, manual or

power operation. and a choice of body lining and diaphragm

materiais.

For complete Information on straightway or standard weir

types, handwheel. lever, or power operated, write Grinnell

Company of Canada Ltd.

*Saunders — Reg. Trade-mark

Grinnell-Saunders Straightway Diaphragm Valves on bock of

Trimbey meter on Meod Corparation's No. 10 poper mochine.

Diaphrogm liffs high for
síreomline flow in either

direction. Also, volve de-

sign permits comporotively
simple rodding through,
when necessory.

CLOSED
Despite long usage, resil-

ient diaphragm seals firmly
ogainst volve body. Tight
closure is ossured, even
w/hen handling gritty or
fibrous materiais.

GRINNELL-SAUNDERS DIAPHRAGM VALVES
Grinnell Company of Canada Itd. • Edmonton • Montreal • Toronto • Vancouver • Grinnell Distributors in Principal Cities

.'>^ ^ pipe fitfings • welding fittings • pipe hangers • valves • Grinnell-Saunders diaphragm valves • pipe

heating specialties • water works supplies • Grinnell automatic fire protection systemsprefabricated piping
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CHIEF ENGINEER. Large Toronto Struc-
tural Steel Fabricator and Erector is seek-
ing an experienced engineer with out-
standing capabilities who has held a
position of responsibility. This key posi-

tion offers an excellent opportunity for
advancement to a man who has consider-
able experience in the design of buildings
and bridges. Applicants must have Pro-
fessional standing in the Province of
Ontário. Salary commensurate with
ability. Replies held in confidence. Please
write to US giving detail of age, educa-
tion, experience to File No. 6823-V.

CIVIL ENGINEER with experience in
construction and municipal works re-

quired by Buildings and Grounds Depart-
ment of a University in Western Canada.
Duties to include estimating, supervision
of construction, assist in planning of
operations, maintenance and expansion of
buildings and Utilities. Salary range
$6600 - 7800, pension and other benefits.

File No. 6833-V.

STRUCTURAL ENGINEER required by
expanding Edmonton firm. Work would
consist of designing and client consulta-
tion with opportunity for executive ap-
pointment. File No. 6834-V.

GENERAL SUPERINTENDENT RE-
QUIRED by general contractor in Eastern
Ontário City. This man must have a
proven record of performance on buildlng
contracts in excess of one milllon dollars
and be capable of directing the work of
several job superlntendents with the
utmost economy. Applicant must be cap-
able of dealing with architects and engl-
neers and settling matters with consider-
able dispatch. Graduation in civil engi-
neering would be preferable but not
mandatory. Top salary and good future
prospects for the right man. Replies
treated confidential. File No. 6837-V.

ESTIMATING ENGINEER required for
Toronto district, heavy construction firm.
Civil engineer preferred, age 45 to 65,
interested in full time estimating work
with background of experience in road
building and municipal work. File No.
6840-V.

DISTINCTIVE

PROFESSIONAL

OPPORTUNITIES

in the application of electronics to
INDUSTRY can be offered by SPERRY.
Engineering careers, unique ín Canada,
ore offered in the fieids of:

Numerical Machine Tool controis
Automatic Digital Testing Systems
Special Purpose Digital Computers
Electro Mechanical Controls and In-

strumentation
Nuclear Reactor Electronic Controls

Continued growth in our Radar activ-
ities also affords opportunities for
cssignment concerned with most
recently developed techniques in

GROUND, AIRBORNE, or DOPPLER
RADAR.

Positions are available for intermediate
to very sénior Engineers including
R&D work for Ph.D's and managerial
positions in Development Engineering.

Please write to:

The Chief Engineer,

Sperry Gyroscope Company of

Canada, Ltd.,

P.O. Box 710, Montreal.

or for further information call:

RI. 7-5561 Locol 137

SÉNIOR STRUCTURAL DESIGN ENGI-
NEER required by consulting engineering
firm in Southern Ontário. Applicants
must have 8-10 years' experience of
which 6-7 years should have been on
the design of industrial, commercial and
institutional buildings. First-class struc-
tural Steel design experience is essential.
Please reply in confidence giving fullest
particulars of experience and responsi-
bilities, and salary required. File No.
6843-V.

CONSTRUCTION ENGINEER required for
Buildings & Grounds Department of a
Maritime University. Qualifications of
candidate should be: Graduate civil or
mechanical engineer; minimum of two
years' experience; background preferably
in construction supervision of buildings
and underground services. Some design
experience would be helpful. File No.
6849-V.

ELECTRICAL

YOUR OPPORTUNITY IS EXCELLENT
for a future in a new modern Montreal
area plant of a large American manufac-
turer. Electrical engineer desired with
experience in the design of armature,
stator and field coils to coordinate engi-
neering and shop practices in their manu-
facture and in rewinding motors and
generators. Initial training period at head-
quarters in U.S.A. Salary is commen-
surate with experience and ability. AU
replies are confidential. File No. 6790-V.

ELECTRICAL DESIGNER with at least
5 years' experience in the consulting field
specializing in light industrial and com-
mercial work. Salary commensurate with
qualifications. Location of work Toronto.
Interviews can be arranged in Montreal.
Write Paul C. Ellard & Associates, 669
Bayview Avenue, Toronto 17, Ontário.
File No. 6845-V.

MECHANICAL

MECHANICAL ENGINEER desired for
design and performance calculation of
steam generating equipment in engineer-
ing department of firm located in central
Ontário, applicants should have two to
five years' experience in above field, and
University or Technical education. Alter-
natively applications will be considered
of personnel having similar length of
experience in estimating steam generating
equipment. File No. 6836-V

MECHANICAL ENGINEER. Long estab-
lished well known manufacturing concern
located in the Maritime Provinces re-
quires a graduate mechanical engineer in
age range 21 to 28. Applicant should
have a special interest in ali phases of
manufacturing a wide range of products.
File No. 6844-V.

MISCELLANEOUS

PRODUCT ENGINEER requested by
Montreal manufacturer to take charge of
product design, with a view to setting up
design department. Experience in design
of heating and air conditioning units,
household appliances or similar items in-
volving sheet metais preferable. AJl in-
quiries confidential. File No. 6803-V.

GRADUATE ENGINEERS, Civil, Mechani-
cal. Electrical required by leading con-
sulting engineering office in Montreal.
Civil engineers with experience in struc-
tural Steel, reinforced concrete and con-
struction engineering. Knowledge of pre-
stressed concrete design preferred. Mech-
anical engineers for heating, ventilation
and refrigeration. Experience in field and
consulting engineering office preferred.
Electrical engineers with experience in
power generating plants, transmission
lines and industrial installations. Per-
manent positions with good starting
salaries, wide range of employee benefits
and opportunities for advancement.
Write, outlining your qualifications and
experience to File No. 6813-V.

ALL AROUND ENGINEER for a long
established growing plant in the Eastern
Townships of Quebec. The job carries the
opportunity of taking charge of ali

GRADUATE AND

PROFESSIONAL

ENGINEERS

required by

CANADIAN ARMY

Applications for

commissions are being

accepted now by the

Corps of Royai Cana-
dian Engineers, the

Royai Canadian Corps

of Signals, and the

Corps of Royai Cana-
dian Electrical and
Mechanical Engineers

from graduate engi-

neers and registered

Professional engineers.

Applicants must be

18-30 and meet Army
enrolment standards.

Here is an excellent

opportunity to com-
bine an engineering

career with the pres-

tige and benefits of a

career as an officer.

Apply to

Dírectorate of Manning (M2C)

Army Headquarters,

OTTAWA, Ont.
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A ^*cloudburst"
of safety!

Volatile Chemicals and propellants can cause

serious accidents-but serious injuries need

not result if water irrigation is immediately

availabie! Haws Decontamination Booth pro-

vides the "cioudburst" that rapidly rids the

hody of harmfui irritants. Victims walk on

the foot treadie and are instantly bathed In

water from a dozen nozzles. Haws Eye-Face

Wash is simultaneously activated-a pres-

sure controlled unit with a perforated face-

spray ring and twin eye-wash heads. Booth

is acid resisting fiberglass plastic, and is

delivered complete, ready for tie-in to exist-

ing facilities. Write for detaiis on the full

line of modais.

MODEL
8E0O

HAWS DRINKING FAUCET CO.

inechanícal, heating, construction, re-
friHorator, electrical, automotive, materiais
haiuilins? matters using a trained staff.
Kniphasis on organizing, planning. Engi-
neer should enjoy contract with men
and operations. Permanent position, good
salary. File No. 6817-V.

MECHANICAL-ELECTRICAL ENGINEER
lequired by Quebec City Consulting firm.
Applicant should have a minimum of
three years' experience in the design and
layout of heating, ventilating, plumbing
and electrical systems for large public
buildings, and should be fuUy qualified
to take charge of this department. Ap-
plicants should send resume of educa-
tion, e.xperience and salary requirements.
File No. 6827-V.

ASSISTANT INSTRUMENT ENGINEER.
Required by Pulp and Paper mill Eastern
Ontário. Should be graduate chemical,
electrical or mechanical engineer with
one to three years experience in instru-
mentation or pulp and paper manufac-

ture. Salary dependent on qualifications
and experience. File No. 6835-V.

PHYSICAL METALLURGIST required for
materiais engineering section of major
metallurgical and chemical plant in West-
ern Canada. Work will entail advising on
application of metais in process equip-
ment, investigation of service failures and
non-destructive testing. If interested write
giving particulars of qualifications to:
Supervisor, Staff Department, The Con-
solidated Mining and Smelting Company
of Canada Limited, Trail, B.C. File No.
6838-V.

ENGINEER required well versed in
agronomy or hydraulics, to sell water
pumps and irrigation equipment. Must be
prepared to travei abroad with probable
headquarters in Belgian Congo and have
fluent knowledge of Franch and English.
American manufacture. Interviews ar-
ranged, Montreal or New York City. File
No. 6841-V.

E.I.C. CERTIFICATE OF ADVERTISING MERIT
Canadian Industries Limited, E.xplo-

sives Divísion, two page, two colour,

advertisement lias been selected as "the

best" from tiie viewpoints of ACCURACY
-INFORMATION-ATTRACTION, by a

jury of fifty readers of The Engineering

Journal.

The advertisement, which occnpies

pages 148 & 149 of the issue, is an

announcement regarding "Hydrome.x",

the Company's newest blasting agent.

The copy outUnes uses, quaUties and

conveniences of the product. This usefiil

Information is emphasized by a most

dynamic presentation.

The names of the readers of The
Engineering Journal who are asked to

serve on tlie selection juries are taken

from the general maihng list in such a

manner that each Pro\ ince is represented.

A nevv jur>- ser\es each month. It is be-

lie\ ed that by tliis means of selection it

will be possible for the Institute to assist

advertisers in preparing ad\ertisements

which give engineers the information

they want in the way they want it.

The advertising super\isor for C.I.L.,

Explosixes Di\ision, is Mr. W. L. Hill.

The ad\"ertising agency is Cockfield,

Brown of Montreal, and Mr. B. FuUer

is the account e.\ecuti\ e.

HYmMEX Cl-L's Newest Blastini Agent..

.

Now Availabie Across Canada

MONTREAL, QUEBEC

R. G. <. WARD, 5925 Monkland Ave., N.D.G.

VANCOUVER, B.C.

ROBERT SOMERVILLE, LTD. 3720 Cresentville Drive

^5>Explosives

C-I-L S CERTIFICATE X^í INNING ADVERTISEMENT

The Canadian Industries Limited, Explosives Division, two page, two colour,

advertisement on pages 148 & 149, was judged "the best" in the July issue.

The illustration on the left is a dynamic shot of a blast. It provides an cxcellent

background for the word "Hydromex'" which is printed in red. On lhe right hand

page, the copy covers uses, properties. strength, density, velocit}' of detonation,

sensitivity and conveniences of the product.
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Above graph show$ that

as insoloHon thicl<ness in-

creosès, insulation cost in-

ereases and heat loss cost

decreases. The sum of these

two shows the most eco-

nomical thickness. Greater

or lesser thickness costs

more money.
^

In Ihis exampie, graph

shows that below 1000F

more insulation is {osfified

than cold surfoce tempera-

ture design indicates. Above

1 0OOF less insuíation would

be used.
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"COLD SURFACE" CRITERION WASTES MONEY!

How J-M engineers determine
economic insulation thickness

to give you more for your insulation dollar

OvER-ALL cost of the operation should

always be the determining factor in se-

lecting insulation thickness. Yet, millions

of doliars have been wasted because of
rigid adherence to the cold surface tem-

perature method. When Johns-Manville

insulation is applied, J-M engineers care-

fully determine which thickness will pro-

vide the greatest operational savings.

And this "economic thickness"" is usually

more (or less) than the cold surface

method indicates.

Here"s how it works. The annual cost

of the heat loss through the insulation is

plotted for various thicknesses. Also

plotted is the annual cost of insulation.

A third curve is then dravvn as the sum of

heat loss and insulation cost. The eco-

nomical thickness is found where this

third curve reaches its lowest point.

To arrive at the above figures in a

given instance requires the following: 1.

Cost of heat production per million Btu;

2. Rate of heat loss through insulation in

Btu per unit area per hr; 3. Annual

hours of operation; 4. Applied cost of

insulation per unit area; 5. Rate of

amortization and required return on

the insulation investment cost. Items 2

and 4 are available from the insulation

manufacturer; others are normally sup-

plied by the plant engineer.

For more complete information. call

or write Dept. IA, Canadian Johns-

Manville Co. Ltd., Port Credit. On-

tário. Ask for reprint of technical

article "Select Economic Insulation

Thickness."

1-4034
JOHNS MAKXniH

Johns-Manville
PR.ODUCTS
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MEET THE AUTHORS

A. R. Morse, jr.e.i.c, assistant research ofRcer, National

Research Council of Canada (Shock Hazards of Electric

Currents).

Mr. Morse served in Royai Canadian Signals 1940-1946.

He is a graduate of University of Manitoba, electrical engi-

neering, 1949. A large measure of his work at N.R.C, has

been in investigating the cause of explosions of anaesthetic

gases and of grain dust clouds in order to devise safety

measures to prevent these explosions.

Gaynor P. Williams, research officer,

Snow and Ice Section, Division of

Building Research, National Research

Council [Frazil Ice—A Review of its

Properties with Selected Bibliography)

.

Mr. Williams graduated in 1949 with

B.A.Sc, from the University of British

Columbia and obtained an M.Sc. degree

from Utah State Agricultural College in

1951. He worked with PFRA, Depart-

ment of Agriculture as íield engineer on

irrigation and drainage problems in British Columbia until

February 1952 when he joined the Aluminum Company of

Canada as hydrology engineer at Arvida, Quebec. He joined

the NRC in February 1955.

C. R. Crocker, m.e.i.c, Sénior Research

Officer, National Research Council,

Ottawa (co-author of Precast Concrete

for Winter Building).

Mr. Crocker graduated from the Uni-

versity of New Brunswick with degrees in

electrical and civil engineering; worked
with the New Brunswick Department of

Highways and the Federal Department

of Mines and Resources. In 1946 he

joined the National Research Council and

in 1950 went to Division of Building Research. He now heads

the building practice, construction section.

A. W. Smith, Júnior Research Officer,

National Research Council, Ottawa (co-

author of Precast Concrete for Winter

Building )

.

Mr. Smith graduated from the Uni-

versity of New Zealand (B.E. Hons.,

1955) and worked until 1957 as civil

engineer for the Hou.sing Divi.sion of

the Ministry of Works, Wellington, New
Zealand. He joined tlie National Research

Council of Canada in 1957 and is work-

ing in the construction section of the Division of Building

Research.

J. J. Traill, M.E.I.C, Consulting hydraulic

engineer {Tests of Hydraulic Turbines—

An Appraisal).

Mr. Traill graduated in civil engi-

neering from the University of Toronto

in 1906 with a B.A.Sc, and CE. Until

1920 he was on the staff of the University

of Toronto as professor of mechanical

engineering. From 1920 to 1954 he

worked with the Hydraulic Department

of The Hydro-Electric Power Commission

of Ontário. Mr. Traill was special lecturer in fluid mechanics

at the University of Toronto from 1954 to 1957.

R. J. Bedard, former editor of Genie
Construction (Business Training for Pro-

fessional Engineers).

Mr. Bedard graduated from the Uni-

versity of Montreal and is at present

attending the University of Geneva,

Switzerland, working on research to-

wards a Ph.D. He is the author of

numerous contributions in Canadian and

foreign technical journals.

P. R. Stratton, P.Eng., a.m.i.c.e., project

superintendent, The Hydro Electric

Power Commission of Ontário (co-author

of Silver Falis Generating Station with

C. T. Bath, B.E., P.Eng., A.M.i.E.(Aust. )).

( Paper appeared in the October Engi-

neering Journal.)

Mr. Stratton received liis engineering

education at London (England) Poly-
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THE

CHALLENGE
OF

ENGINEERING

From the Address of Dr. K. F. Tupper, Retiring President,

at the Annual General Meeting, Toronto, June 8, 1959.

THE INTEGRITY OF AN ENGINEER is reflected in

the soundness of his vvork, and there is a particular

quality or attribute of engineering work about which I

hold some views. This is the property of permanence,

longevity, durabihty.

We engineers may—perhaps without knowing it

—

be responsible to a very large degree for how rich a

world we live in and for how long hours most people

have to work. That may seem a rather astonishing state-

ment, so please hear more.

The rate at which we accumulate wealth depends
on two simple factors—rate of production and hfe of

article or work produced. I use the word wealth in its

economic sense to denote the things which man has

by his own efforts produced by working on materiais

which nature provides. Wealth includes buildings,

bridges, roads, coal piles above ground, oil paintings,

anything which man has devised.

I want to make now a simple analogy to get a point

across. At one time I was concerned with the production

of radio-isotopes. These are radioactive atoms, most
commonly produced by bombarding an element with
neutrons in a nuclear reactor. By putting a certain

amount of target material in the reactor and operating

the reactor steadily at full power, one can create a

constant quantity of the desired radio-isotope each unit

of time, say each hour. Unfortunately, however, if you
want to produce 1,000 times as much as can be
produced in an hour, it is not necessarily a good idea

simply to let things run 1,000 hours.

The radio-active atoms are themselves disintegrating

and this may take place at a fast rate or a slow rate.

The usual way of referring to the rate is to speak of

the "half life"—a time in which half of any large

number of atoms of a given kind will have disintegrated.

Suppose we were making an isotope with a half life

of 24 hours. At the end of one hour we have a certain

amount, and at the end of two hours nearly twice as

miich. But at the end of 24 hours we have a good deal

less than 24 times the first hour's production. In fact,

at the end of 24 hours we have lost nearly half of the

radioactive atoms we produced in the first hour.

If we want exactly twice as much as exists at the

end of the first day, we are really in a fix. In the second

day we can produce as much as we did the first day
but our first day's production has shrunk to exactly

half its size, leaving us with % of what we want. At

the end of successive days we have, in fact, the

following amounts:

—

1/2: 3/4: 7 8: 15 !& —
and if we went on forever we would not quite reach

our objective.

In case you want to knovv how one does get larger

amounts, the answer is: use more target atoms, bombard
with more neutrons.

Now in the world around us lots of things behave
like radio-isotopes—they disappear for one reason or

another. I often wonder \\hat actiially became of ali

the pocket knives I had as a boy. Some of them lasted

a year, some lasted only a few weeks—even toda\- I

think the life expectation of my pocket knife (I still

carry one) is only about five years.

I can think of certain roads which I will swear
have been torn up and re-built ever\' two or three > ears—or so it seems.

The house in which I li\e is about 30 years old.

I am glad to say I think that as a whole it will last

as long as I need it. As a whole, I said. The roof had
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ti) lu" iv-shiiiijli-i] a tVw \i\us ago. The gaiage behiiid

tln- lioiisc lias not dmic as w rll— i( is scheduled for

a i.i)inplott" ir-hiiild tliis \ear.

Now the nuinher o( pocket knives, gaiages, miles

ot' road, otc, tliat \\c as hunian beings liave at our

disposal is detiriuiiRHl 1)\ jiist these two factois—rate

of productiou and length of life.

Eiiginoers are t()da\- niost intimately concerned with

both faetors. In tlieir role as designers they determine

to a \er\' large extent how long many things are likely

to last. In tlieir role as prodncers, they help to determine

how nian>- nnits are prodnced each unit of time. I say

help. Prodnction reqnires the services of many people,

the promoter who conceives the enterprise in the first

instance, the financier who brings it into being, and so

on to a wliole liost of people—with particular emphasis
on tlie prodnction workers themselves. In the matter

of prodnction the engineer is most certainly a member
of a large team. The efforts of ali are required in

acliieving increases in prodnction.

I said earlier the engineer is probably very directly

responsible for the amount of wealth we possess and
the number of hours we work. These two are about
linearly proportional—If we want to produce twice
as much we ]ia\c to work twice as many hours per
week. Sometimes I am astonished that this fact is lost

sight of. The dynamic prosperity of certain countries
toda\-—West Germany for example—is probably due
more than anything to the willingness of the people to

work long and to work hard.

There is today in North America a philosophy of

expendability with which I do not agree—the idea of
creating things which are intended not to last very long.

I submit that engineers can make a very real contri-

bution—can easily do so—by seeking to make their
work as durable, as long lasting, as circumstances war-
rant and will permit. They can leave behind them
a world containing more wealth for their children and
grandchiklren to enjoy.

It is perhaps a matter of personal opinion, but I

think an engineer lacks integrity if the quality of dur-
ahility is deliberately skimped in his work.

The second quality is loyalty. Loyaity is a quality
highly to be desired in an engineer—and here I have
special reference to the employee engineer.

Lo>alty between employer and employee is a two-
way Street. To begin with, loyalty must be deserved,
it must be merited. The employer must treat his em-
plovees fairly—he must earn their loyalty. The employer
must provide some things to be loyal to: standards of
quality of product—of service—of honesty in business
dealings. I can think of certain organizations—often
dominated by one outstanding man—that earn tremen-
dous loyalty in ali their employees.

I submit that the engineer must be completely loyal
to his employer. This may mean on occasions the im-
plementation of pohcies with which he does not agree.
The procedure to be followed in such cases is quite
straightforvvard. When a course of action is charted
with which the engineer is in serious disagreement he
is ethically obliged to state his objections to his superiors.
In many cases with a further exchange of ideas the
engineer may alter his opinion, or, alternatively, the
employer may modify the proposed course of action.
If this agreement does not result then the engineer,
having quite properly registered his objection, should
adopt his employer's policy and administer it as though
it were his own. It is indeed a form of disloyalty to

implement a policy half heartedly or perhaps to give

an order and then say "Of course this isn't my idea.

Tm against it."

In the rare case where the divergence of viewpoint

is diametric and where the matter is one of great

importance, an engineer may find himself unable to

carry out a course of action about which he has un-

successfully protested. In this rare case I think he should

quietly resign—without flame, smoke, or noise. He and
his employer are apparently not compatible and it is

better that the engineer should take the initiative in

making the inevitable separation. Both self respect and
the respect of ali around him—including his employer

—can thus be retained.

The third quality is what for want of a better term

I shall call social usefulness. This means that the

socially useful person performs a function of service

to the society in which he lives. If our work each

day leaves the world a better place in which to live

we are performing socialK* useful work. Much en-

gineering work falis ver\" definitely into this categor\".

The engineer who designs a bridge, manufactures a

telephone or builds a municipal water treatment plant

performs a pretty obviously socially useful task. Some
of our engineering work gets over into áreas not nearly

so clearly defined as useful. I do not wish to tiy to

identify any of these, partly for fear of giving offense

and partly because some element of social usefulness

can be discerned in almost any of them (I might think

that a certain device—sa\' a juke box—makes the w orld

a less desirable, a less pleasant place in which to live.

This, however, is a matter of personal taste and I feel

sure my teenage daughter would sharply take issue

with me).

I am sure we generalh' agree that the older pro-

fessions—in particular Medicine, the Ministry and Teach-

ing—have a social usefulness of a high order. Engineers

are also the sen^ants of their fellow men, and the

engineers work can make the world a better place to

live in. Let us strive to choose our work with this

objective.

Finally, I come to a quality called humility—the act

of feeling humble. If engineering is to be a profession,

the individual engineer must be respected. I do not

agree with the idea of trying to gain the respect of our

fellow men through the efforts of a paid public relations

expert. Respect must be earned and not bought. Conse-

quently I do not subscribe to the doctrine that "Silent

Service is Not Enough." I have \et to hear of an en-

gineering job w hich w as done better or quicker or more

economically because the engineer tooted a horn to call

attention to his work. This is not hinnilih-.

Would it not be better for us to concentrate our

efforts on the kind and qualit>" of our engineering,

praying that we shall be sufficienth' successful that our

finished job will speak for us; that our own accomplish-

ments will be our ad\ertisements; that our own good

engineering work will earn respect for our profession?

I find it a trifle incongruous that some of m\
engineering friends can find it possible to subscribe

simultaneously to the Kipling Ritual and to the slogan

"Silent Service is Not Enough." To me these are in-

compatible one with the other. To the humble engineer

I think that "Silent Service" is quite enough.

This is the end of my homily. You ma\' agiee with

some of my views, you may not agree with ali of them.

I will consider my message successfulK" communicated
if it makes you think, if it starts some discussions.
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MATERIALS HANDLING

AT

CANADAIR
Prepared in collaboration with Canadair Engineers.

THIS IS necessarily a limited tieat-

ment of the subject of materiais

handling at the maniifacturing plants

of Canadair Limited, in Montreal.

The intention is to present a general

outline of the main problems involved

in the manufacture of aircraft, with

particular reference to materiais

handling during the planning and
assembly stages, and the vvay these

problems are solved.

There is a wide field of operations,

classifiable as materiais handling, that

are not covered here; among them
the considerable activity in construc-

tion and maintenance involved in the

daily work within a plant that has

a covered floor area of some 2,600,-

000 square feet plus a very exten-

sive outside area. Many trucks and
other mobile equípment are involved

in these operations.

Similarly, the economics of ma-
teriais handling under the particular

conditions of the aircraft manufactur-

ing industry are more suitably dealt

with as a separate subject.

What Are the Problems?

Materials handling in a plant that

makes domestic appliances or auto-

mobiles, for example, is usually a

complex, carefully-planned system in-

volving various types of conveyors

laid out for rapid and co-ordinated

movement of many relatively small

components through several stages to

the final assembly line. Though per-

iodic model changes affect the sys-

tem to some extent, the general ma-
teriais handling layout can often be

maintained in its same basic form for

considerable periods.

On the other hand, even a fairly

small aircraft consists of many thou-

sands of parts ranging from very

small (screws, nuts, bolts) to very

large (fuselage, wing sections), but

the rate of final assembly may be

only a few units a month. With
many quite lengthy intermediate sub-

assembly operations, great care must
be taken in avoiding damage to large

or easily-marred components, and the

'conventional' concept of an inte-

grated conveyor system has virtually

Fig. 1 Model table showing layout for CL-44 fuselage as- Fig. 2 Mobile skin handling dolly. Note boles in wooden base
sembly shop (upper right), final line (upper left), and pre- for locating wooden positioning rods.

flíght area ( foreground ) . The floor is marked in the equiva-
lent of two-foot squares. Note tbe relative sizes of the CL-44
and tbe small Sabre (at left).
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no placf in tlio assoml)l>' piocixlinx'.

Tlie nuiii» lactor that precludos aii\

moro or Irss permancMit materiais

haiullinc i>ut is thc vast difference

iii si/c of tlu- aiit iaít tliat occiirs from

om> fontrac-t [o tlu- nrxt. For cxample,

CaiKulair lias prodiiced T-33 jet

trainers. F-S6 Sabres, tlie CL-28, and

the CL-44. tlie largest aircraft made
in Canada. Some idea of the relative

size o( a Sabre and a CL-44 may be

obtained from the illnstration of part

of an assembly area layout. The CL-
28 w ill be nsed as an example of

some of the jirocedures adopted.

Planninti for a Contract

Wlien a new contract for a partic-

ular aircraft is to be undertaken at

Canadair. the entire project is planned

for the reciuired production rate of

that aircraft. Apart from necessary

cost estimates, overall planning con-

siders ali pertinent factors of space,

cciuipment and materiais handling re-

quirements.

Plant Engineering, in co-operation

with Industrial Engineering and
Manufacturing Engineering, prepares

a block plan of the manufactnring

space to make best use of available

facilities. At the same time, the flow

of materiais throughout the plant is

planned to reduce backtracking and
materiais handling to a minimum.
This is very important, since handling

accounts for a major part of the time

taken in aircraft assembly.

Plant Engineering keeps an up-to-

Fig. 3 Four-directional stacker placing a long fabricating tool on a trailer.

trailer has four-wheel steering for manoeuvrability around tight comers.
The

date and very accurate record of floor

space, known as the Plant Area Man-
ual, which shows áreas available or

in productive use.

Each assembly department is laid

out, in close co-operation with the

Material Handling Group, on a three-

dimensional master layout table.

Using the international scale of Vi-

inch to one foot, scale models of

benches, equipnient, etc. are posi-

tioned on the table, which is accur-

ately marked with half-inch squares.

A colour code is used for the models

;

for example, red denotes a component

Fig. 4 CL-2S centre fuselage being lowered into matíng position.

assembly jig, green índicates a ma-
chine tool, yellow is for fumiture, and
\\'hite shows racks and benches.

Most of the models are made from
coloured plastic by a full-time model
maker, with part-time assistance, in a

fully-equipped model shop. Actual

aircraft models are made from wood
in the pattern shop. The models of

jigs and fixtures are made with the

help of tool drawings from the Man-
ufacturing Engineering Department,
and are complete in ali essential de-

tails. The accuracy of dimensions is

important because they are used to

determine clearances in width, length,

and height; details \\hich are of con-

cern to the materiais handling group,

as \\ ell as the production department.

General Flow of Materials

As already stated. the general flow

of materiais from raw stock to final

assembh' is planned to reduce handl-

ing. Raw stock is co-ordinated with

the required tooling, and both are

shipped from the warehouse to the

detail fabrication shops. The exist-

ing warehouse buildings are as close

as possible to the shops, but are actu-

alh' separated from them hy a main
highwa\\ Access between the two
áreas is by a connecting tnnnel.

Detail parts are made in the shops

from a varietx" of metais and plastics.

Sheet materiais are cut, formed, and
drilled and many machined parts are

produced. The detail parts are then

joined together to make larger sub-

assemblios, after going through var-

ious necessary intennediate opera-

tions, .such as painting. plating.

inspection and so on.
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I
Handling of Detail Parts

j| Movement of raw stock from ware-

J house to fabricating shops and of

! detail parts from shop to finishing

departments is largely made by
means of vvheeled dollies, hauled by
mule.

Closely-finished machined parts

Íare placed directly in special felt-

lined compartmented boxes for

$
handling between operations until

plating, anodizing, and so on are

completed, after which the parts are

(
dipped in a rapid-hardening plastic

1 material which forms a protective

V coating. The coated parts are then

í placed in boxes for hauling to the ap-

. propriate storage area in the assemb-
' ly shops.

One of the few automatic convey-

ing operations is found in the anti-

oxidation treatment of certain alloy

structural parts. The treatment con-

sists of a sequence of dips and
washes in a series of concrete tanks

!
which are sunk in the floor. They

j

are forty feet long, four feet wide,

I
and eight feet deep, spaced two feet

I

apart. The area is covered by a sta-

bilized crane of two-ton capacity.

I
When the racks have been loaded,

the operator uses a push-button con-

trol to raise, traverse and lower the

rack into the first tank, and thence

' in and out of the subsequent baths

according to the predetermined time

cycle. The paint shop has a standard

plot bed and spray booths equipped
with conveyors.

Handling of 'Problem' Parts

Some of the intermediate parts pre-

sent particular problems in their

handling, especially in the a\ oidance

of damage to highly-finished surfaces

or because of the size of the piece.

The skins, or formed metal sheets

that make up the outer surfaces of

fuselage and wings, may ha\e a very

fine (mirror) finish which has to be



iml>Iomislu'tl wluMi liiuill\ asseinblcd

intt) tlu- .lirc-raft. 'Vhv haiulling

probltMU is fuither coinplicatocl iii

casos of vvry lariíc skins, wliicli niay

nm fi) soiiu' tliirt\ foot long. For

niaiu opiMations thc nicdium-size

skins (say, up to 12 ft. long), especi-

alK ihost' witli a niinor finish, are

mm t il inamialK aiid may be laid on

a sinipli- rack dircttly on the floor.

(Tlu- expenso of bnilding special stor-

age tables for these skins is not nsu-

all\ jiistified.)

Considerable work has been done
on the handling of the hirge vving

skins, One niethod used overhead

grabs siispended froni a tubular

franiework. The problem was to get

snffieient pressme at the grabs to

hold the skin securely without damag-
iiig the snrfacc. A simpler variant of

this idea was to leave an additional

strip of metal beyond the final dimen-
sions of the skin on which the grabs

could grip. Damage to this part of

the skin did not matter, as it was
removed just before final assembly.

Another method that has been suc-

cessfully used it to leave small lugs

of excess metal at intervals along the

upper cdge of the skin. These lugs

are drilled to take a suspension

pin, and are removed from the skin

as late in the assembly operations as

possible.

For skins of about eight feet and
less, a special mobile skin handling

dolly has been developed. These dol-

lies, one of which is illustrated, con-

sist of a rectangular steel base frame

fitted with four caster wheels. Remov-
able vertical steel posts are located

at each of the four eorners of the

frame, and within these limits, any

desired pattern of spacers may be

made, using vertical wooden rods lo-

cated in a series of holes drilled in

a wooden base that runs along and

across the main frame. The principie

is shown in the illustration. For shal-

low skin sections, more than one layer

may be stored by tying horizontal

slats across the dolly uprights at the

required height above the base.

This type of dolly is invaluable in

the handling of the smaller skins,

since it is used as a degreasing rack

as well as a storage rack between

operations and is also used to move
the .skins from one operation to the

next. The flexibility of the design

permits the ready handling of a wide
range of skin sizes and shapes.

Another problem part is the wing
spar, some 50 feet long in the case of

the CL-28 main spar. Because of its

length the spar is very flexible and

has to be well supporíed dming
handling, which is largely done man-
ually.

For moving long parts or tools,

another specially-designed dolly is

quite extensively used. This dolly has

four-wheel steering actuated by the

towbar so that it can turn readily

around tight eorners and in a re-

stricted space.

Handling of Major Assemblies

The handling involved during final

Fig. 8 Four-directional stacker with load preparing to move sideways down aisle.

Note position of rotatable front wheel. Stacker can raise loads to a height of 15 feet.

assembly obviously varies with the

size of the aircraft. As a specific

example of the methods used in

assembly of a large aircraft, a brief

description of the procedure for the

CL-28 follows.

The major assemblies which go to

make a large aircraft of this type are:

(1) Forward fuselage. (2) Centre fuse-

lage. (3) Rear fuselage. (4) Left hand
wing. (5) Right hand wing. (6) Hori-

zontal stabilizer. (7) Vertical stabil-

izer. (8) Rudder, control surfaces. (9)

Engines and landing gear.

With the exception of the engines

and landing gear, which will not be

considered here, the eight main struc-

tural assemblies are constructed in

special assembly jigs.

When completed structurally, the

assemblies are remo\'ed from the jig

to an installation dolly which secures

the units without limiting accessibil-

ity, as would the assemblx^ jig. At
this stage the various internai fittings

are added. After this installation pro-

cedure, the assemblies are transferred

to the final mating jig, where, as the

name implies, they are joined to-

gether to make the complete aircraft.

The main items are handled as fol-

lows, the dimensions being those for

the CL-28.

Fonvaid Fuselage — This unit

weighs approximately 3,000 pounds,

is 12 ft. in diameter and 20 ft. 2 in.

long. After construction in the as-

sembly jig, the unit is moved to its

installation dolly b\- means of a 5-ton

overhead crane. From installation

dolly to the mating jig, the unit is

again moved by the 5-ton crane.

Centre Fuselage — Unit weighs

10,200 pounds, is 12 ft. in diameter

and 48 ft. 3 in. long. A specially-

designed handling fixture is used to

move the fuselage unit from the jig

to subsequent operations. Part of the

jig is used as a handling fixture,

which runs on rails laid on the floor

of the shop. The centre fuselage is

held in its fixture until it is time for

the installation procedure. The hand-

ling fixture is then moxed out on an

extension of the rail lines to a position

that can be reached hy a twin-hook

6-ton overhead crane, which run>

o\ er most of the length of the main

sliop, where the final assemblx- áreas

are located. The 6-ton crane trans-

fers the ftiselage unit from its hold-

ing fixture to an installation dolly.

After installation work is completed,

the fuselage unit is remo\ed from the

dolh- and transferred to the mating

jig hy means of the twin-hook 6-ton

crane with the assistance of the 5-

ton ox erhead crane.
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Fig. 9 Hydraulically-operated 'giraffe' hoist is now used to Fig. 10 Fork Hft truck with swivelling head attachmeiit about
move men working on upper surfaces of aircraft. Two of to dump contents of special waste-bin into garbage truck.

these units are ín use at Canadair plant.

Rear Fuselage — Unit weighs

(jver 3-tons, is 12 ft. in diameter and
41 ft. 10 in. long. The handling pro-

cedure is similar to that of the centre

fuselage. However, the 5-ton over-

head crane is used for the transfers

from handling fixture to installation

dolly and thence to the mating jig.

Half-Section Wing — Each half-

section wing (left and right) weighs
over 5-tons, is 71 ft. 2 in. long,

and has a maximum width of 21 ft.

6 in. The wing sections are assembled
in a box structure jig, and ali handling

from this point through normal oper-

ations to the mating jig is done by
the twin-hook 6-ton crane.

The jigs, handling fixtures, and in-

stallation doUies mentiojijed above
are designed and built to accommo-
date one specific unit. Though essen-

tial to the handling of that unit, the

rate of actual handling may be very

low. For example, in the case of a

contract calling only for two aircraft

a month, the handling fixture for

centre or rear fuselage need only be
moved from its holding position into

the main shop twice a month. Cer-

tainly a far cry from the automobile
assembly line.

The fuselage installation dollies are

fitted with wheels, but are not used
for actual movement of the unit from
one location to another. However,

the wheels allow flexibility in posi-

tioning the dolly during transfer of

the assembly.

The handling fixture for the verti-

cal stabilizer (see illustration) is of

relatively simple welded steel frame

construction and is mounted on caster

wheels. In designing such a fixture,

consideration must be given to the

protection afforded the very costly

assembly while keeping the overall

dimensions within limits dictated by
convenience of handling, clearances,

and so on.

Other Aspects of Materials Handling

There are many examples of savings

in time, labour, and cost that have
been achieved at Canadair through
improved methods of materiais

handling. Only a few such examples
are mentioned below.

The 'Giraffe' — One type of ma-
teriais handling equipment has been
very usefully applied, not to the

handling of materiais, but to the

handling of operating personnel.

Two hydraulic 'giraffe' lifts, of the

type shown in an accompanying il-

lustration, are used to move men
rapidly and easily from one working
area to another on these high sur-

faces.

Material Storage — Efficient use

has been made of storage space with

the aid of various types of materiais

handling vehicles. One particularly

useful development is a four-direc-

tional stacker which can stack and
remove palleted items to a height of

15 feet. The particular advantage of

this stacker in handling items for

storage is its mobility forward, back-

ward and sideways. As may be seen

by the accompanying illustration, the

front wheels of the stacker can be
swivelled 90 degrees from the forward

or reverse travei position, so that the

vehicle can be made to travei side-

ways from a standing start. This en-

ables the stacker to move loads that

are longer than the width of the ac-

cess aisle between storage racks.

The stacker can pick up a load that

is, say nine feet long; carry it in the

usual forward direction where space
permits; turn at the entrance to, say,

a seven-foot aisle, and travei sideways
up the aisle to the storage point,

where the stacker raises the load and
ad\'ances forward in the usual way to

drop the load on to the storage rack.

The procedure is reversed for remov-
ing long loads from storage.

This ability to increase cubic stor-

(Continuvd oii jxifie 60)
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SHOCK HAZARDS
OF ELECTRIC CURRENTS

A. R. Morse, Jr.E.I.C, Assistant Research Officer

Electrical Engineering Section

National Research Council, Ottawa 2, Ont.

Presenteei <it the ~Srd Anmtal General and Professional Meeting of the Engineering Institute of Canada, Toronto, Ont., June, l9ô!*

SOME TIME AGO a queiy carne

to NRC regarding the possible

change in Canadian death statistics

if hoiisehold ciicuits vveie increased

to 240 volts to ground instead of the

120 volts to ground now commonly
used. The question sufficiently fasci-

nated ine that not only did I read

many papers on the subject of elec-

tiic shock, but also I did a little

experimenting. From that point, it

was a simple step to consider that

this subject vvould be at least of

vome interest to others as well as

myself, and that I could save these

others the necessity of reading, in-

terpreting and experimenting.

One thing I would like to empha-
size, is that I do not intend to discuss

the changeover from two prong plugs

to three-prong plugs as now being

adopted in many parts of Canada. I

can only say that having on one
occasion fallen víctim to the situation

of someone "adapting" a three-prong

plug to the old two hole outlet, I

earnestly endorse a rapid and com-
plete changeover to the three-prong,

grounded-chassis 120-volt system.

We are concerning ourselves here

primarily with the inter-related fac-

tors of the physiological and the

electrical. By way of a little back-

ground, the many scientific workers

investigating electric shock have
found that the main factors affecting

electric shock are:

A. Electrical

Duration of Current

Frequency of Current

Waveshape of Current

Magnitude of Current

Voltage Applied Initially

B. Physiological

General Physical Condition of \^ictim

e.g. "Weak Heart"

Body Resistance

Skin Resistance

Contact Resistance

Path of Current-Effect

Phase of Heart Cycle Subject to

Shock

Naturally with some factors there

is no sharp dividing line between
electrical and physiological.

Early investigators were quick to

recognize that there were roughly

five main effects on the body:

1. Paralytic Injury to the Brain.

2. Injury to the heart as shown by
loss of rhythmic heart beat—and

hence circulatory failure.

3. Damage to tissue and organs by
severe burns.

4. Respiratory failure.

5. Muscular convulsions.

Again there is no complete in-

dependence. For example, it was
work by Urquhart in 1927 that

showed that passage of current

through the brain could cause res-

piratory parahsis and failure of the

heart and blood vessels. He demon-
strated also—and this is of gi-eat

importance today—that the usual

tests for death were not reliable

when a victim has suffered an

electric shock of this nature. Hence
it is the firmly recommended prac-

tice to persist in artificial respiration

until success is achieved and the

victim revives, or until rigor mortis

sets in. Not only is it necessary to

be persistent in attempting artificial

respiration but also it is important

to begin it as soon as possible. This

greath increases the chance of the

\'ictim's survival for, owing to the

interdependence of the body organs

on one another it has been found

that the combination of respirator\

and circulatory failure rapidh- causes

brain failure from lack of ox\-gen.

which is of course brought to the

brain by the blood after being

absorbed in the lungs. Hence ono

should not lose time or wait for

pulmotors. This is the reason for tho

development of pole-top methods of

resuscitation. Naturalh', the first dul>

is to remo\"e, in a safe manner, the

\ictim from the electrical contacts,

or to kill the circuit.

.\nother example of the mutual

reactions occurring during electric

shock is the case of electric shock

Fig. 1 Effect of 60 cycle current on men.
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f therapy. Here again the passage of

t cunent is through the brain. Side

leactions may involve violent mus-
r cular convulsions. As a final example,

(I it is obvious that both lespiratory

l
and heart failures involve the related

« muscles.

; It was Ferris, King, Spence and
i Williams who in 1936 concluded fiom

.1 tests on animais with 60 cycle cunent

ii' that the effect of electric shock is

•J related to the magnitude of the cui-

rent, rather than the voltage, and

also is related to the weight of the

animal and of the animars heart.

They also discovered that fibrillation

of the heart is most likely to occur

at one particular point in the heart

cycle. In 1939 Wiggers and Wegria
also investigated the "vulnerable

point" in the heart cycle, and con-

cluded that a shock of duration less

than 1/10 second could be fatal.

I Since 1900 there has been serious

i
work on the reaction of the heart

{

to electric shock. This work today

I

includes the building of practical

j

machines to stop heart fibrillation.

What are the values of 60-cycle

currents through the body that give

the normally recognized reactions?

If we draw a logarithmic scale of

current (Fig. 1) from 1/10 milli-

ampere to 100 amperes, we can

indicate the various ranges that wilP

be under discussion:

"Perceptibility" depends on the

location and size of contact and on
the type of current. The value given

is for finger contact; tongue contact

is probably something less again, and
a large area contact is almost an

order of magnitude larger.

At the "Objectionable" levei, some
people find it hard to accept that

1 ma is objectionable, until they have
tried it. Beginning with the next levei

of currents we once again tell the

tale as determined by past investi-

gators. This levei is commonly known

Fig. 4

3 5 IO lOO SOO OCO 10,000

FREQUEHCY cpi

as the "Let-Go" Levei. Above about

9 ma, we begín to find victims who
cannot let go. And here we call on
the work of Charles F. Dalziel and
co-workers at the University of Cali-

fórnia. These workers, after investi-

gating the nature of reported elec-

trical accidents, felt that it was
important to have data on the physio-

logical effects of electric currents on

humans where the humans grasped

a copper vvire or pair of pliers in

one hand, while making the other

contact elsewhere e.g. to the same
arm, to the other hand or to the

feet. Using the results of tests on over

100 men as a basis, they presented

to the electrical profession the follow-

ing definition of a "Let-Go" Current:

—a let-go current is that vvhich 99/2%

of the healthy adult male population

can safely tolerate without loss of

ability to voluntarily let go of the

conductor which is held in the hand.

Naturally any current less than the

"Let-Go" Current also can be let go,

and also, by definition, almost ali

adult males can release even more
current than the Let-Go Current as

defined. Hence there is a good "Mar-

gin of Safety." There have been no

adverse remarks over the years on the

Dalziel choice of what to consider a

Let-Go value, and so we assume that

this is the established criterion.

To make the definition more rigor-

ous, one should describe in greater

detail the electric circuit. A No. 6
copper wire was used as the active

electrode. It was grasped by the hand.

The other indifferent electrode was
a large-area wet contact, usually on
the upper part of the same arm, but

in some cases on the opposite hand
or a foot. These inactiva electrode

locations had little effect on the let

go current. In the course of his

experiments, Dalziel tested men who
were able to let go currents of as

high as 22 milliamperes. The average

was about 16 milliamperes while the

low was about 9 ma. When plotted on
probability paper— percentage who
can let go of total persons tested

vs current in milliamperes

—

the experimental points fell quite well

along a straight line, thus showing
the Distribution to be Normal (Gaus-
sion) See Fig. 2.

Tests with women gave similar

results, although women can stand
only about 2/3 the current that men
can stand. Hence 7 ma forms the

mean of Large Standard (15.87 ma)

mean of Small Standard

60 CYCLE CURÍ?cNT-milliom()er«j

Fig. 2 Percentage of total persons
tested who can "let go ' vs current in
milliamperes.

2 -40 -20 O 20 40
< •/. DEVIATION OF LETCO CURRENT FBOM
^ MEAN(«l5.Ê7«a)

Fig. 3 Test results plotted as percent
deviation from the mean.

"Let-Go" value for women as com-
pared to 9 ma for men.
The test results were also plotted

as percent deviation from the mean.
(Fig. 3)

Naturally the plot looks very
similar to the Distribution plot, but
by using percent deviation DalzieFs
group discovered they could spare
some of their reluctant 134 men from
the time-consuming and nerve-racking
tests. For now they found that 60-

cycle tests on smaller groups of men ali

yielded deviation curves of the same
slope. Therefore, for further different

tests, in order to adjust results on
small groups to agree with the large

group they would run a 60-c\ cle test

first. If the deviation cur\e agreed
with their standard deviation cui-ve,

then even though the distribution

curve might be different—for ex-

ample have a different mean \ alue

—

the new test would be accepted as

valid for a large number. It was
however subject to adjustment in pro-
porlion as the large-number standard
60-c\'cle test mean differed from the
test standard. That is, for example:
corrected mean of new test =

experimental mean of new test.
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\\\>rk tlu'n i)ri)gri'ssi'il iiu)i'i' rapidly

for Dal/.it"! aiul his conliores. The Uni-

veisity of Calitoiíiia group have to

date puhlislu il m.iin papers on Let-

Go eiinents, aiid immi Let-Go voltage,

uiuler various lircuinstances. They
lune (.Diifinned tlie lesults of earlier

workers that tlie 60-c>cIe Wiwe is

jnst ahout as ohnoxioiís a wave as

vou eau get. Seo Fig. 4.

Response is latlier flat from 10

cps to I ()()() eps, incrcasing about

fivefold íor de and for 10,000 cps.

The explanation for this evidently

lies in the realm of medicai pliysics

—

iii the stiid\' of the response of muscle

and ner\'e cells to electric impulse

aiul ( ui iciit. We have a somewhat
similar phenomenon with the heart

where fibrillation occurs at one par-

ticular point of the heart-beat, and
is particularh- dependent not only on

the magnitude of the cunent but

also on the frequency. Incidentally,

Dalziel reported that his deviation

cur\es for 10,000 cps tests vvere

appreciably different from his Stan-

dard. Physiologically, things didn't

feel so bad—you feit that you were
being pleasantly cooked to death
rather than violently shaken to death,

and your ability to let go was slovved

dovvn.

W itli direct current the "Let-Go"
is actually based on fear rather than
inability to operate one's muscles. For
the interruption of direct current

produces a violent shock, and sooner
or later one feels that one would
rather cook than stand that.

This violent shock on interruption

of d-c is actually a forerunner to the

results obtained when using wave-
forms of various shapes, for it is

found that the peak of the current
wave actually governs the physio-

logical effects. When there is a mix-
ture of d-c to a-c, such as occurs with
some welding machines (e.g. 6% a-c),

a compósito Let-Go Curve can be

obtained. (Fig.5) We see that a small

a-c component reduces the average

Let-Go Current appreciably. For ex-

ample a 6% a-c component allows

only 28 ma d-c as compared with 65
ma for pure d-c.

The ac crest component shown is

that peak of a-c greater than the d-c

in the forward direction. See Fig. 6.

We should now correct any linger-

ing impression that the Let-Go value

of 9 ma applies to ali 60 cycle waves.

The best way, perhaps, is to state that

for a 60 cycle wave, the crest value

of current tolerable is 13 milli-

amperes. For waves having a dc

component the composite curve must

be used.

Before leaving a consideration of

Let-Go currents, it would be well to

recall that it had been found by
Ferris et al that effects were more
or less in inverse proportion to the

weights of the animal and of the

heart. Based on this, and also on their

own experimental work, Dalziel and
co-workers have stated that children

can stand about one-half the current

that man can stand; women can

stand about 2/3 the cuiTcnt.

This fact is also useful in determin-

ing the higher ranges of currents,

for tests on animais can be made and
the results extended with reasonable

accuracy to humans. This has been

done, and O. Schneider neatly sum-

marizes the situation. In his prelimi-

nary discussion, Schneider distin-

guishes between (1) the heat effects

leading to combustion of tissues and
organs and poisoning by combustion

products, and (2) the electro-physical

effects proper, which mainl\- affect

the heart and circulation and pre;

sumably the nerves, muscles and brain

and hence the respiration.

Now up to 25 ma a-c, the currents

cause muscular cramp. It has been

stated by several authors that pro-

longed contact to currents of over

20 ma, and even of over 10 ma
where one cannot let go, may lead

to a State of exhaustion, loss of con-

sciousness and iiiability to breathe.

The muscular convulsions will cease

when the current is removed, but the

inability to bicathc may persist, re-

quiring artificial respiration.

From 25 ma to 80 ma tliís situation

is definitely intensified, and, par-

ticularly since it is very doubtful if

one can let go, death is ver>' possible.

From 80 ma to 8 amperes, Schnei-

der States that death is instantaneous.

due of course to ventricular fibrilla-

tion. Naturally, in ali the above it is

presumed that the current tiaverses

the body, particularly via a hand

grasp. While this is not always the

case, it is often enough the case

to be gix en major consideration. Also,

the heart itself does not require 80

ma to cause fibrillation. ProbabK- less

than 1 ma passes through the heart.

Fig. 6 The a-c crest component shown is that peak of a-c greater than the d-c in
the forward direction.
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Nevertheless, tests on animais have

shown that good statistical accuracy

is obtained by discussing the total

current. Another factor in fibrillation

is again duration of contact, but

anything over 1/100 second may be

fatal. To some extent, the longer the

contact the lower the current required

for fibrillation. Several authors give

I from 100 ma to 10 amperes 60 cycle

a-c as the fibrillation range.

You probably have noted that I

have not tried to define fibrillation

of the heart. This might perhaps be
more confidently undertaken by some-

one from the National Research

Council Instrument Section, where
heart defibrillators have been de-

signed. Suffice to say that the heart

loses its rhythm, muscles quiver in

an unco-ordinated manner even after

the current is stopped, and the heart

cannot regain rhythm. Hence the

victim is sure to die. Artificial res-

piration does nothing to restore the

heart rhythm.

However, when the current exceeds

10 amperes the heart does not fibril-

late but seizes. Cessation of current

permits the heart to regain rhythm.
This may occur automatically, or of

course it can be done by an operation

if time permits. No doubt the reader

is sufficiently familiar from the news-
papers with high voltage accidents

of this type. And of course, if a heart

is already fibrillating, a large dose of

current (of the order of amperes)

through the heart for a short time

can be used to stop fibrillation.

If the body is subjected to large

currents of 10 amperes or more, the

fact that fibrillation is not present

does not guarantee long survival of

the victim. We now enter the range

of combustion. The victim is sub-

jected to severe burning of tissues

and organs and poisoning by com-

bustion products, plus possible hemor-

rhage and severe shock. Death is

probable, though perhaps not im-

mediate. Resuscitation is often suc-

cessful, if immediately applied.

The current that the body is sub-

jected to is dependent on the voltage

applied and on the total resistance

between contact points. An "Ohm's

Law" Log-Log "Sensation Chart"

(Fig. 7) can be dravvn that is very

useful for showing the ranges of

currents under consideration, and the

corresponding voltage and resistance

values.

The ranges as they apply to a

normal man subjected to 60 cycle

sine wave have been shown. At the

lower end some overlapping occurs

because of the effects of different

áreas of contact. The smaller the

area, the more sensitive the subject is

to the currents.

The "total body resistance" be-

tween contacts can be divided into

three parts. One part is the contact

resistance and may be quite low, or

it may offer an appreciable im-

pedance. For example, we may con-

sider shoes as an item of contact

resistance, as compared to just the

interface resistance say between a

bare wire and the skin. Another part

is the actual resistance of the body

itself, discounting the skin. This re-

sistance lies between 500 and 1000

ohms for almost ali dangerous body

paths, for example from hand to feet.

It is very unlikely that it is less than

a total of 500 ohms, although from

the chest to the back it has been said

to be as low as 100 ohms. Also, to

some extent it is dependent on the

location and area of entry to the

current. Kouwenhoven, who has con-

ducted many defibrillating experi-

ments, gives a value of about 100

ohms per cubic centimetre.

The third part of the Total Bod\-

Resistance is provided by the skin.

It is very fortunate that so very often

the skin resistance is high, especially

on the back of the hands if exposed

to the air. However it is very un-

fortunate that skin resistance is very

sensitive to a variety of conditions

and cannot be depended upon. It

would be well to discuss this skin

resistance a little more fully, for it

would be very useful to determine

the distiibution of frequency of oc-

currence of total contact-to-contact

Fig. 7 below: 60-cycle electric shock hazard to adult males.
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l)oil\ n'.sist;ui<.'0 viihUt coiiditions of

.iciidiMital (."ontact, and the skin is

tlie laii;o controlliiij; factor. Fioin

siich iiifoiínatiou ouc coiild exaliiatc

the pi rcciit iluincc of any particular

ciirroiit flowing in a liuinan being wlio

aciidontalK' exposed liimself to some
gi\en vollage. For exainple, we see

froin the Sensation Chart that for 100

volts an adiilt inust prcsont a resist-

ance of loss tlian lOOO ohms in order

to he in dangcr of fihrillating cur-

renis, and for 200 volts the resistance

is 2000 ohms. If we knew statistically

that the percentage of people pre-

senting 1000 ohms cr less is almost

identical to the percentage of people

presenting 2000 ohms or less, then

we might feel, from the point of view

of safety against fibrillation, that

honse circuits for example could be

200 volts to ground instead of the

present 110 volts without upsetting

Canadian death statistics. Such a situ-

ation could occur if, for example, the

"frequency of occurrence" curve

tumed out to be Gaussian along the

resistance scale of the Sensation

Chart, being practically flat and very

low for resistance less than 2500
ohms, and being a maximum at some
higher value before falling off again

at still higher values.

An article by H. H. Watson in

the February, 1959 issue of Electrical

En^ineering reviews a Symposium,
held at the AIEE Winter General

Meeting in New York in February,

1958, to discuss safety considerations

if residential voltages are raised from

the present 120-volts-to-ground to

240-volts-to-ground. It is apparent

from this article that very serious

consideration is being given to raising

residential voltage, so the question

we have posed is not an academic
one. Mr. Watson offers the conclusion

that the use of potentials twice as

high as the present 120/240 volt

levei will increase the hazards already

present in the existing leveis but not

in numerical ratio to the increase in

voltage. However, I believe his con-

clusion is not based on the sample
situation just given. Rather it is based
on tighter safety design measures,

limited use of the higher voltage, and
probably also on the fact that he is

not considering solely shock or death

hazards, but also for example, fire

hazards.

A start was made at the National

Research Council of Canada on
measuring the total resistance a body
presents to 60 cycle voltages under
different conditions of contact, the

conditions being designed to dupli-

cate at least to a degree the type of

accidental contacts people do make.

linfortunately, this work was inter-

rui^tcd, but results obtained were felt

lo bo of some value, and were given

during discussion of a paper by
Kouwenhoven et al in New York

in 1957. Fig. 8 summarizes the re-

sults and covers the same range as

the Sensation Chart, for easy com-
parison. Dry contact conditions are on

the right side of the scale, wet contact

conditions are on the left side. Values

given are, unless otherwise stated,

for the resistance of the single contact

shown. Total resistance is dependent

on the nature of the second contact

plus the body resistance which is

given as approximately 800 ohms.

It was found that resistance during

accidental "line contact" (i.e. over say

a length of 2 in.) on dry skin is very

dependent on the condition of the

skin. For instance the back of the

hand, while apparently having much
thinner skin than the palm, is often

very dry and is somewhat hairy and
can give very high resistances. Other

parts of the body, for example the

neck, are not usually as dry. High
voltages may cause puncturing of

the skin, e.g. through a sweat pore

on the back of the hand. Hence at

high voltage the resistance may be
more likely to change to a final value

of below 5000 ohms. Values for wet
hands or feet, grabbing or immersed,

may go even as low- as 250 ohms.

We also determined that the pres-

sure of contact played a very im-

portant role in resistance. Presum-
ably this is because of increased

effective area of contact and probably

also because of a more rapid creation

of sweaty contact. For the data shown
on the Body Resistance Chart,

"reasonable" pressures were used.

The high values shown in the Body
Resistance Chart under "dry" con-

ditions should not be interpreted to

give anyone a sense of security! This

caution is made because it was
found that a very small break in the

skin could cause a very large change
in resistance, for of course it is the

skin resistance that accounts for

pretty well ali body resistance after

the first 500 to 1000 ohms.

While we have not achieved our

final objective of developing a statis-

tical curve of "frequency of occur-

rence" against "resistance," an opinion

may be offered on the shock hazard

of increasing residential voltage. If

we consider a reasonable lower limit

of total body resistance in most
cases of electric shock from residen-

tial voltage (120 volts) to be about

1000 ohms, we see from the Sensa-

tion Chart that the possibility of

Ventricular Fibrillation is ver>' slight.

If most accidents occur with re-

sistances above 1000 ohms the vic-

tims, \\'hile they may suffer severe

shock, stand a good chance of sur-

vival, particularly as artificial respira-

tion can be effective. Now, if the

residential voltage is increased to 240
vo^s the possibilitv' of Ventricular

Fibrillation for the low resistance

accident is increased considerably.

For 5000-ohm médium resistance

accidents (fairly likely—see the Body
Resistance Chart) the severit>' of the

shock is doubled by doubling the

residential voltage, and as this is a

range of "probable death" it is prob-

ably safe to say the number of this

class of fatalities would be doubled.

H. H. Watson further states: "Poten-

tials of 240 volts to ground should

be used only for pennanently wired
fixed appliances." In fact, con-

sidering that for children one must
halve the shock currents shown on

the Sensation Chart, and considering

the limited advantages obtained if

H. H. Watsons conclusions are ad-

hered to, the present practice of

120 240 residential distribution is

probabh' hazardous enough.
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FRAZIL ICE

A Review of its Properties,

With a Selected Bibliography

G. P. Williams Research Officer,

Snow and Ice Section, Division of Biiilding Research,

National Research Coiincil, Ottawa 2, Ont.

This report revievvs the theory of frazil ice formation and the main factois

which cause formations. The methods of forecasting frazil ice and the design and

remediai considerations are also included. Although the frazil ice problem has

been solved at many sites in Canada, this review summarizes investigations which

would not generally be available to Canadian engineers.

WHENEVER supercooled vvater

in reservoiís, lakes or rivers

comes in contact with hydro-electric

plant intakes, water supply intakes,

irrigation and water supply canais,

there is a danger of serious clogging

because of frazil ice. Frazil ice oc-

curring in large rivers is a naviga-

tional hazard and can be the cause

of serious ice jams. In Canada the

work of Bames^ is the first major

effort to present detailed summaries

of available information on frazil ice

formation and occurrence. Since tlien

many investigations have been car-

ried out, notably in Rússia and other

European countries. As no publica-

tion is available in English, appar-

ently, which summarizes these more
recent developments, this survey of

existing infonnatíon on frazil ice has

been prepared, accompanied by a

number of selected references.

Theory of Formation

Ice is formed on the calm water

of small lakes and stagnant pools

when the loss of heat to the atmos-

phere by radiation, convection and
evaporation results in the supercool-

ing of the surface water. In this

static type of ice formation described

by Devik- the crystallization begins

partly from solid matter on the beach

and from solid material suspended

or floating in the water. If the water

remains at rest and the cooling con-

tinues, a surface sheet of ice is rap-

idly formed.

With dynamic ice formation as in

running water or on the surface of

lake water disturbed by wind, sur-

face water exposed to the heat loss

will be interchanged with water from

lower depths so that a mass of water

down to different depths, depending

on the degree of turbulence, will be

cooled to 0°C without ice formation.

If the cooling continues the water

near the surface will be supercooled

a few hundredths of a degree (Alt-

berg^). At a certain stage in this

supercooling, frazil ice particles will

start to form.

In their early development, frazil

ice particles are thin circular discs.

Frequently, the particles are of ir-

regular outline but the edges are in-

variably rounded as shown in the ex-

cellent photographs by Schaefer*. As
growth proceeds, however, flat den-

drites grow out from the edge of the

flat discs, eventually producing the

needle-like fragments commonly rec-

ognized as frazil ice. Under favourable

cooling conditions these fragments

rapidly form and group into the large

spongy masses that cause so much
trouble on underwater installations.

Figure 1 illustrates the different stages

in frazil ice formation. Figure 2 shows

some micro photographs of frazil ice

in different stages of growth.

A similar type of formation occurs

in lake water when supercooling co-

inciding with strong wave-action re-

sults in agglomeration (Wilson^).

Even though the general nature of

frazil ice formation has been known
for a long time there is still argu-

ment and confusion in the literature
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Fra/il ice particles floating on water Frazil ice particles changing shape at Frazil ice particles growing and chang-
surface. water surface. ing pattern at water surface.

Fig. 2 Micro photographs of frazil ice in different stages of growth.

regaiding the phenomenon (Timon-

off'% Lamboi").

SupercooUng and Nticleation. In-

vestigators seem to agree that super-

cooled water often exists in streams for

long periods — even for days under
fa\oinab]e conditions"^. There is ar-

guinent, hovvever, regarding the

amount of supercooling, although it

is generally assumed that it will rarely

exceed .01 °C in natural streams and
lakes (Schaefer'*). The theory of super-

cooling is still a matter of some
disagreement. Dorsey^ indicates that

there are two theories to explain the

freezing of water and the phenome-
non of supercooling. In one, freez-

ing is considered to be initiated by
certain aggregates of water molecules

called ice molecules. The other theory

considers freezing to begin as

heterogeneous singularities, i.e., for-

eign particles in the water which
serve as nuclei. Dorsey combines ele-

ments of both theories. He distin-

guishes between an embryo comprised
of water molecules only, and a com-
plex embryo with a foreign particle

as a centre to which molecules of

water adhere.

Altberg'^ believes that crystals do
not form in absolutely pure liquid

but only upon dust particles sus-

pended in the liquid. He concludes
that the ability of a liquid to crystal-

lize depends upon the number of nu-
cleating centres per unit volume.
Piotrovích^'' in a more recent study,

points out that in water with only a

few hundredths of a degree of super-

cooling, ali ordinar>' inclusions are

inactive as crystallizing agents.

Kumai and Itagaki^^ jj^ their cin-

ematographic study of ice crystal

formation in water conclude that the

rate of growth of discoids (or frazil

ice particles) is a function of the rate

of cooling of the water and the

number of discoids. Their photo-

graphs show clearly the development

of circular discoids into stellar crys-

tals. Their studies show that with

supercooling from 0°C to —0.3°C,

discoids and spicules are produced,

and from -—0.6°C to —0.9°C spicules

only are produced.

Much of the work done in recent

years on the physics of supercooled

water droplets in the atmosphere is

of relevant interest to investigators

of frazil ice (Schaefer^^).

Frazil Ice Properties. The frazil ice

discoids vary in size. Schaefer'* ob-

serves particles with a range of thick-

ness 25 to 100 microns for particles

1000 to 5000 microns in diameter.

Hubbard^"* reports thickness almost

identical to those reported by
Schaefer. Altberg^ claims that dis-

coids up to several centimetres in

diameter could be grown artificially.

Baylis and Gerstein^^ have observed

particles that grow rapidly from Vs-in.

diameter up to 4 in. in diameter and
1/32 in. thick.

The buoyancy of frazil ice parti-

cles is of particular practical interest.

When the stream flow is not ex-

tremely turbulent, frazil particles re-

main submerged and do not appear

to collect at the surface. Barnes at-

tempts to explain this phenomenon
in terms of viscosity and Stoke's

Law^. Schaefer^ suggests that the

large ratio of major to minor axis

and the small difference in specific

gravity between ice and water cause

the particles to tumble about within

the stream much the same as water-

soaked leaves are carried underwater

in a turbulent stream.

Schaefer* estimates that the vol-

ume concentration of frazil ice ap-

proaches 10*^ per cubic meter in his

observations of frazil ice on the Mo-
hawk river in 1950. Frazil ice parti-

cles will adhere to each other and
also build up on underwater objects

causing many problems. According

to Piotrovich^'', when water is super-

cooled there is a strong increase

in the cohesion forces bet\\"een ice

crystals and in the adhesion of ice

cr\'stals with stones, wood, metal and
other objects in the water. Schaefer

suggests that the laminar type of

build-up indicates regelation between

these ice particles.

Piotrovich also suggests that, as

ice does not adhere strongly to cer-

tain substances as plastics of purely

organic composition. these ma>- be

used as coatings to protect against

underwater ice accumulations. Ac-

cording to Murphy^® waterwheels

protected by wooden racks are better

able to withstand frazil attacks than

those protected by iron racks, indi-

cating a difference in the ability to

cohere bet\\"een these two materiais

and ice.

One point that should be stressed

is that ice will not adhere to objects

that are slightly above 32 °F. This

is why the heating of underwater gate

racks has often been successful in

reducing frazil ice accumulation.

Gale'' observes that freshh fornied

frazil ice is "very stickx" and much
more difficult to handle than frazil

which has passed under surface ice

and has not been subject to such
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strong cooling. This suggests that

even slight increases in temperature

may reduce considerably the adhesive

ability of frazil ice.

There is no doubt that frazil ice

accumulations can reach gigantic

proportions in an open river subjected

to extreme cooling conditions.

Stakle^^ gave an estimate of 476,110

J m-^ per km of river for a river in

J
Latvia. Altberg in his studies indi-

^ cates that the amount of underwater
í ice produced in a rapidly flowing

! stream is often 3 to 4 times as great

i as the amount of surface ice pro-

duced under similar cooling condi-

tions. Wilson^^ estimates that the

mass of frazil ice floating under sur-

face ice was from 1 to 14 ft thick

for the conditions he observed.

Hoyt-*' presents two examples in

which frazil ice accumulations al-

most completely filled a stream bed.

Factors Affecting the Rate of Cooling
í of Moving River Water

I

Because frazil ice accumulations

!
are often produced by the continued

j

cooling of river water, a brief review

j

of the variables affecting this cooling

should be considered. The rate of

cooling of a section of river water
can be considered as a complex heat

exchange problem which, from a

practical viewpoint, will not have an

exact solution. The heat exchange at

the surface will be determined by the

radiation, convection and evapora-

tion losses from an open water sur-

face. Net radiation losses will vary
with the altitude of the sun, the per-

centage and type of cloud cover, and
the condition of the water surface.

Convection losses will vary with the

speed and direction of the wind, the

degree of air turbulence, and the air

temperature. Evaporation losses will

depend on the vapour pressure gradi-

ent existing between the surface of

the water and the air mass, as

well as the wind velocity and condi-

tion of the surface. In addition, for

a given section of the river, the heat

carried into and out of the section will

vary according to the width, depth

and slope of the river. The heat re-

ceived from ground water and ther-

mal exchange at the river bed might

also need consideration.

The factors that might affect the

rate of cooling of a section of river

water are illustrated in Fig. 3. To
calculate any one of these factors

with any degree of reliability can

be most difficult, especially on a

short-term basis. For example, an

estimate of the amount of radiation

reaching the water surface can be
made, if the angle of the sun's rays

and the degree of cloudiness and ab-

sorptivity of the atmosphere are

known. The amount of this radiation

absorbed by a water surface is var-

iable. Geiger-i estimates that ap-

proximately 16 to 40 per cent of the

total radiation from the sun pene-

trates to a depth of one metre, de-

pending on the purity of the water.

The long-wave radiation is almost

entirely absorbed by the first centi-

metre of water. Whenever the water

is disturbed by wind or wave action

the reflectivity of the surface is

changed as is the amount of radiation

absorbed (PowelP^)^ making precise

estimates most difficult.

Barnes' was a proponent of the

theory that radiation from the bot-

tom of the river bed is a factor in the

formation of ice on the bottom of

the river bed, commonly called

anchor ice. This theory is disputed

by Altberg"^ on the basis that ali

long-wave radiation, the type eman-

ating from the bottom of a river,

is absorbed by one centimetre of

water.

Barnes^ and Longhland^** also

suggest that large amounts of anchor

ice are carried to the surface during

daylight hours because the radiation

absorbed by the water at considerable

depth heats up the water enough to

release this ice. While it is true that

a small portion of radiation from the

sun can penetrate to depths of 20

metres (Atkins and Poole^*), the

larger amounts of heat absorbed at

the surface could be carried down
to the bottom layers by turbulence

and thus heat the bottom surface.

Another way in which the buoyancy
forces of the ice might overcome the

adhesive forces would be when the

ice accumulation becomes great

enough to float to the surface, without

any decrease in the adhesive force.

The main point to be stressed is

that ali factors affecting the rate of

cooling, as shown in Fig. 3, must be

considered in an explanation of frazil

or anchor ice formations.

Predicting Rate of Cooling from
Meteorologícal Variables

Even though exact determinations

of the rate of cooling of moving water

would be most difficult there have

been attempts to obtain quantitative

estimates from meteorological var-

iables.

The St. Lawrence Seaway Studies-^

contain an excellent review of ice

formation in rivers. In this report

the rate of cooling that can be ex-

pected from the difference betsveen

mean air temperature and mean water

temperature is calculated. From this

rate of cooling the order of magni-

tude of frazil ice production for

special site conditions is estimated.

Wemelsfelder-*' in a more recent

paper also postulates that the rate

of cooling of moving water is princi-

pally dependent on the difference

between the mean w^ater temperatm^e

and mean air temperature. He pre-

sents formulae for calculating heat

losses from a water surface based on
this assumption. He also presents a

formula for calculating the rate of

heat loss when the surface of the

water is partialh' co\ered with float-

ing ice. A table is given in this paper
which indicates how long it will take
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river water to cool to frecziíijí tem-

peratuio. provided the inoan air tcin-

peratiire is known or caii be piccHcted.

It imist be appreciated that these

fonniilae are necessaiil\- \ei\ sinipli-

fied inescntations of a niost coniplex

situai ion. Froiii the tlieory it is diífi-

fiilt to seo how tlie \\ind velocity

toniis can be igiiored in any formida.

U is apparent Froni Fig. 3 tliat there

are a large luiinber of \ariables not

iiicluded in these fonniilae which
iniglit liave iinportant effects on the

rate of eooliiig of river water.

Ba\lis and Cerstein^^' state that,

"frazil ice formed under a wide var-

iet\ of wind and air temperature

conditions". Ruths'''^ mentions that,

"with air tempcratures as low as

—25°C or —30°C and no wind,
frazil ice will not always appear ovving

to the presence of a heat insulating

la\'er of moisture saturated air on
top of the water which will prevent

the cold air from cooling the sur-

face water to the criticai tempera-
tnre".

It also should be stressed that

frazil ice is often produced a con-

siderable distance upstream from the

sections of the river under stiidy;

these geographical factors cannot be
ignored in any study. Murphy^*', in

1909 suggested that very large

amounts of frazil ice develop in Lake
Deschenes, 3 to 4 miles upstream
from the rapids near the Hull power
plants on the Ottawa river.

These complications do not mean
that a practical means of predicting

the rate of cooling, and hence of

frazil ice formation, cannot be found.
They do imply that site conditions

must be taken into consideration.

Standing^"* gives some practical rules

used at a particular plant for fore-

casting frazil ice as much as 12 hours
in advance. On a longer-term basis

Wardlaw^o calculates the mean
monthly heat losses from a water
surface under winter conditions and
obtains reasonable agreement with
other calculated values for heat losses

from open-water surfaces.

Forecasting Frazil Ice from Water
Temperature Measurements

In some plants it is common prac-
tice to keep a record of water tem-
perature. Whenever the water temper-
ature is near 32 and severa wind
or temperature conditions are experi-

enced, frazil ice formations may be
expected.

Granbois'o reports a method of

precise water temperature measure-
ments with an electric resistance

thermometer and recorder. With his

api)aratus he was successful in meas-

uring the rate of temperature change

of river water and relating it to frazil

ice formations. His studies indicate

that frazil occurs only when the rate

of temperature change is greater than

0.01 °C hr between temperatures of

0.1 °C and 0°C. At temperature

changes less than 0.01°C/hr a natural

ice sheet is formed. Granbois in his

paper gives a fairly complete des-

cription of the resistance thermometer
bulb, bridge and recorder which he
used.

Anyone contemplating the field

measurement of river water tempera-

ture near 32 °F, however, must be
prepared for some problems. Perliaps

the main difficulty to be overcome is

that as soon as water falis below
0°C, ice begins to form on the tem-

perature indicator.. The only tempera-

ture then recorded is the freezing

point, even though there may be
supercooling present. Granbois over-

came this by removing the detector

bulb after each successive run and
melting the ice from the indicator in

preparation for the next run.

Devik- measures the amount of

supercooling of the surface layer of

water with a "moll" thermopile.

Special precautions were taken re-

garding radiation effects, including

the taking of measurements just be-

fore sunrise. Nybrant^^ points out

some of the problems of measuring
water temperatures under field con-

ditions. He indicated that sensitive

galvanometers are difficult to use and
that it is necessary to keep a measur-
ing bridge at constant temperature
and to check its calibration frequently.

One must also consider the stability

of the temperature sensing elements

and check their calibration fre-

quently.

Although the work of Granbois
indicates that it is possible to measure
river water at temperatures around
0°C to the necessary accuracy for

frazil ice predictions at a particular

site, special precautions and equip-

ment are required which are usually

not readily available for field installa-

tions.

Design Consideratíons

Although it is not the purpose
of this review to go into detail re-

garding the design of canais, hydro
intakes and racks for ice conditions,

some general comments on design are

included in order to complete this

general review.

In 1919, Wilsonio stated that hy-

dro plants could be designed to be
practically immune from ice troubles.

Some of the standard textbooks on
hydro-electric design (Creager and
Justin-^2) give general consideration

to the design of hydro plants to mini-

mize frazil ice conditions.

Loughland^s gives some general

instructions for the design of sluices

and canais, including the suggestion

that covering the flume will prevent

snow from falling into the canal,

thus reducing the rate at which the

water cools. Carpenter^^ indicates

that by covering a flume and pro-

viding an additional supply of stor-

age water the frazil ice problem at

the Barriere Hydro Plant in British

Columbia could be overcome.

In addition to the usual procedure

of carefully surveying existing river

conditions, ensm-ing proper approach
conditions and locating the racks at

a sufficient depth, meteorological fac-

tors should not be neglected. For
example, care should be taken in

determining the prevailing wind di-

rection, for if it prevails towards the

intake channel large quantities of

ice will be forced into the channel.

Even the direction of the wind rela-

tive to the flow of the river has a

varying effect on frazil ice produc-
tion. A wind blowing upstream pro-

duces more frazil than one blowing
downstream because of increased

surface agitation (Hendry^'*).

Once a river or canal is frozen

over the rate of cooling is greatly

reduced by the ice cover and the

danger of large frazil ice formations

is usually eliminated. For this reason

considerable stud\' has been made
of the w-ater velocities at which
canais or rivers will freeze. The fac-

tors affecting the formation of ice

covers on ri\ers or canais are gener-

ally the same as those which affect

the rate of cooling of a river or canal

as shown in Fig. 3.

The St. LawTence Waterway Pro-

jecfSõ gives some practical informa-

tion on the relation bet\veen water

velocities and ice formation. Because
\'elocit\' and turbiilence of water are

only two factors which will affect

the formation of ice cover it is not

possible to give limiting velocities

which will appl\- in every case. In

its report the Joint Board of Engi-

neers came to the general conclusion

that "smooth ice covers ma\- be ex-

pected to form in rivers with \eloci-

ties up to 1.25 ft sec in zero weather
providing there is no high w ind pre-

venting such action".

A committee of the Pow er Dix ision

of the A.S.C.E. investigated ice as

it affects power plants and pviblished

a special report (Shenehon^^). In ad-
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dition to a bibliography on the sub-

ject, they give much information of

use to design engineers. Some of the

effects of ice on stream flow are of

special interest to engineers design-

ing canais or modifying river chan-

nels under ice conditions {^^'

.'is, 39, 40, 41^

Remediai Action

For established power plants and
h\draulic works, it is often possible

to prevent the formation of frazil

ice by eléctrica! heating. Reid'*- gives

some details of the heating of rack-

bars in hydro-electric plants, includ-

ing a formula for calculating the

power required. He emphasizes that

electric heating is of particular value

in locations where frazil ice develops

quickly and is not of long duration.

Ruths-" gives a table of electrical

\ alues, including the power required,

used in heating racks at several power
li ouses in Norway. A report by the

subcommittee of the Hydraulic Power
Committee for the Canadian Elec-

trical Association*^ gives some details

of the electrical energy utilized by
different companies in Canada for

keeping sluice gates free of ice. Var-

lous other references are available,

mdicating that formations of frazil

ice have been successfully combatted
by electrical heating**' •'5, 46

Steam heat has also been used for

preventing frazil ice formation*''.

Dorion*' relates some of the difficul-

ties connected with preventing ac-

cumulations of frazil ice with steam
at a pump intake.

Compressed air jets or air-bubbling

sxstems to prevent ice formation have
been applied for many years. Air

bubbling systems depend on the fact

that warm water below the surface

can be brought to the surface by
the rising air bubbles and so used to

prevent frazil ice at specific locations.

Skerrett*^ in 1923 described how
jets of compressed air were utilized

to prevent ice formation on gates of

hydro-electric plants. In 1935 Sker-

rett*^ gave some details of how ice

pressure was prevented by air bub-
bling systems. Other more recent

papers are given by Owen^*', Sim-
monds^*, and Granbois-^-. Some fairly

complete experiments on preventing

water from freezing by means of

compressed air were done by
Kaitera53 in 1948.

In addition to heat and air bub-
bling systems other means are being

used to combat frazil ice formation.

In Switzerland where, because of

climatological and hydrographic con-

ditions, frazil ice problems are not

generally severe, mechanical devices

to clean out intakes are used

(Harry""*). Murphy*" reported in

1909 that frazil ice can be prevented

by creating an artificial barrier across

the stream to start surface ice forma-

tion.

It has been suggested by Schaefer*

that the seeding of ponds with dry

ice might hasten ice formation.

Cranbois-'*^ reports limited success

by seeding river water with dry ice;

the resulting fragile ice sheet was
destroyed as fast as it was formed.

Lavrov-"'5 considers that artificially

increasing the number of crystalliza-

tion nuclei cannot be an effective

counter-measure because the in-

tensity of underwater ice formation

depends on heat losses from the

stream, not on crystal number.
Additional Information The SIPRE

bibliography contains many useful

references on frazil ice and related

problems, including a series of Rus-

sian abstracts. A few selected Rus-

sian references have been chosen from
these abstracts and are listed as a

Bibliography.

La Houille Blanche, (Numero 4,

juillet, aoút 1950) contains an excel-

lent review of snow and ice technical

terms in French and English. In ad-

dition, this volume contains a general

review of frazil ice problems and
related phenomena.
The Meteorological Abstracts and

Bibliography of the A.M.S. for July

and August 1956, contain an anno-

tated bibliography on the micromete-

orology of snow covers. This would
be of value to anyone studying the

thermal regime at snow and ice sur-

faces.

This paper is a contribution of the

Division of Building Research of the

National Research Council of Canada,

and is published with the approval

of the Director of the Division.
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MATERIALS HANDLING AT CANADAIR

age space by increaseci stacking

height anci narrowed aisle width is

a valuable contribution of improved
materiais handUng techniques.

Waste Disposal — The removal of

waste materiais from work áreas is a

very costly item in a plant as large

as Canadaír's. Large annual savings

were achieved in this operation as

the result of an investigation made
by Plant Engineering.

Formerly, wooden waste-boxes

were placed at each work area. When
filled, the boxes were taken to an

open truck (road vehicle) into which
two men dnmped the waste materiais

by hand. The procedure was obvioiís-

ly costly in terms of time and man-
power.

The new system uses specially-

designed steel waste-bins and a high-

lift fork truck with a swivelling head
to dispose of the waste much more
rapidly and economically.

The waste-bins, designed at Can-
adair, have rectangular corrugated

steel boclies, fitted with lifting lugs

and a towbar, and with two box-sec-

tion channels undemeath to take the

forks of the lift truck. The chassis is

mounted on four caster wheels, ar-

(Continued from page 49)

ranged in a diamond patteni which

allows a traiu of several bins to fol-

low the same course when tuming
corners.

According to a planned schedule,

a miile hauls a traiu of empty bins

around the shops. dropping off an

empty and picking up a full bin at

each scheduled point. When a full

traiu has been picked up, the bins

are hauled to a central loading point

where a 'Sani-Van' t\pe of euclosed

garbage truck is stationed. Here, the

miile leaves the full bins, which are

then picked up b\- the fork truck,

raised, and turned o\ er by means of

tlie swivelling head attachmeut so

that the contents are dnmped into the

back of the large garbage truck (see

cut).

Conclusion

The handling of materiais in a large

aircraft manufacturing plant may i-ep-

resent more than half the total man-
ufacturing nian-hours in\ol\ed. By
careful attention to inipro\ements in

materiais handling methods, many
thousands of dollars are sa\ed an-

nualK'.
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ONE OF THE PROBLEMS facing

the Canadian construction in-

dustry in wintertime concerns the

protection which must be given

freshly placed concrete to prevent

damage from frost action. This le-

quirement for temporary protection

increases the cost of the concreting

operation. When added to the in-

creased cost of the concrete itself

during the winter months it may raise

the final cost in place as much as $5
per yard. There is a natural decrease

in labour efficiency if protection is

not provided, and a great deal of

time can be lost in warming up, and
sitting out bad storms.

It is common practice in Canada
today to place heated ready-mixed

concrete inside a temporary enclos-

Fig. 1. The all-important framework can
be erected in any weather, and is im-
mediately load - bearing. (Northview
Height Collegiate Swimming Pool, To-
ronto )

.

The protection of freshly placed concrete is one of the problems facing Canadian

contractors engaged in winter building. One solution is to use precast concrete

which, even in winter, can be manufactured under controUed conditions to ensure

maximum strength and durability. There is, however, little experience with such

units in Canada because production, although it is increasing rapidly, has been

limited. In Europe, on the other hand, precast concrete has been widely used for

many years. Experience there indicates that precast concrete can be used in Canada

as an aid to winter construction. There are however some practical difficulties to be

solved before this practice can gain wide acceptance in the industry. The most

serious is that of making connections between members. Although a number of

Solutions have been suggested, the need for additional research is recognized.

ure covered with tarpaulins or plastic,

but the whole operation can be very

much simplified by mixing, placing,

and curing the concrete under the

same roof and then assembling the

precast components on the site. Pro-

tection on the site can then be con-

fined to the joints between the pre-

cast parts. It then becomes possible

to achieve the valuable economies

of factory production.

The use of precast concrete manu-
factured in a factory can therefore

provide a solution to the problem
of winter concreting and at the same
time introduce a measure of quality

control not usually associated with

cast-in-place concrete. The speed with
which it is possible to enclose a

structure when large precast paneis

are used promises even further cost

savings.

As a part of its research study of

winter construction, the N.R.C. Divi-

sion of Building Research decided to

investigate the present status of pre-

cast concrete in Canada and to assess

the practicability of this practice being

more widely used than at present. In

the course of this study, an extensive

search of American and European
technical literature was undertaken

followed by visits to engineers, archi-

tects, contractors, manufacturers, and
research laboratories in the United

Kingdom, the United States, and

Canada.

Brief History

The practice of precasting concrete

is nearly as old as the use of rein-

forced concrete. Development was
slow until World War I when, because

of shortages of conventional materiais,

many nations investigated the possi-

bility of precasting concrete on an

industrial basis. By 1930, Germany
was producing precast concrete

frames, girders, columns, sewers,

bridges, fence-posts, lamp-posts, form-

work, paving block, and building

block. and had already recognized

the advantages of precast concrete for

winter construction.

In the years following the revolu-

tion, much attention was given in

the U.S.S.R. to the manufacture and
use of precast concrete. So convinced

were the authorities of the advantages

of this system that by 1934 standard

precast concrete structin-al units were
required for ali commercial and in-

dustrial buildings. By that time pre-

cast units weighing 15 metric tons

were being fabricated. In contrast to

this rapid development in other parts
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of Europe, little early work was done
in the United Kingdom or the United

States. Precast floor systems had, how-
e\ er, been developed and were quite

widely used, and as early as 1906
American railroads were using some
structural precast concrete bridge

components. The erection of such

large components was no problem to

the railroads who could use their

heavy wrecking cranes.

The construction industry gener-

ally had to wait for the development
of the heavy-duty motor truck crane

and tower crane before full use of

precast building components was pos-

silile. The steel shortage brought
about by the Second World War
resulted in a great increase in the

use of reinforced concrete. Much of

it was cast in sitti but with experience

carne the realization that precast con-

crete offered a low cost, high quality

material that could often replace

traditional materiais. In the United
States the use of precast concrete

frames for commercial and industrial

buildings increased and large precast

girders, which had been used in

earlier years, were again used in

bridge construction. With the develop-

ment of prestressing techniques and
the introduction of heavy lifting

equipment, precasting in the United
States began to compete seriously

with conventional materiais.

Today much use is made of large

floor and roofing slabs and tilt-up wall

paneis, precast on the site and put

in place by special erection equip-

ment. At the same time factory pre-

casting is also widely used and has

made possible the erection of one
factory building at the rate of 7500
sq. ft. per day, with framing and

roof decking averaging 10,000 sq.

ft. per day.

The precast, prestressed concrete

industry in the United States main-

tains a yearly growth in production of

200 to 300%. At present there are

some 200 precast prestressed plants

in operation, and a further 150 are

under construction or being planned.

Girders and beams of I, T, WF, and
rectangular sections, roof and floor

slabs of double T and channel section,

joists of I and T section, rigid frames,

trusses, columns, polés, pilings, lin-

téis, bleachers and wall paneis are

being produced in ever-increasing

quantity.

Although the general adoption of

concrete column-and-beam frame-

works in Britain has been slovver and

is even today less widespread than

in the other countries of Europe,

precast floors and rigid frames for

single-story industrial buildings are

now generally accepted as standard

forms of construction. Some manufac-

turers can produce precast concrete

frames at the same price as unpro-

tected Steel and at half the price of

fire-proofed steel. In an effort to con-

serve steel and provide schools as

cheaply and quickly as possible, the

British Ministry of Education spon-

sored the development of a number
of proprietary systems. Their success

may be illustrated by the fact that

one contractor, using a system of

precast units prestressed in place, has

built between 40 and 50 schools in

three years and is now entering the

commercial building field.

In the U.S.S.R. today, precast con-

crete is being used almost exclusively

for building construction. In Moscow
and Leningrad alone, some 86,000

apartments to be built in this wa\" are

planned for 1959, mostly in five-story

blocks. The finished buildings have a

neat appearance both inside and out,

but the precast products are roughly

finished and are generally covered

by plaster or brick facing. State con-

trol and co-ordination of ali construc-

tion, and the resulting standardization

throughout the countr\', has permitted

the complete mechanization of even

pretensioning operations. through the

development of continuous wire \vi:id-

ing machines and rotating casting

beds.

Factoiy Manufacture

Precasting does not automatically

imply factory manufacture nor that

it cannot be considered beyond the

economical hauling distance from an

existing factor)^ On-site manufacture,

however, is generalh- limited to

heavier components that are too diíB-

cult to transport, or to large jobs

where it is economicalh" practicable to

erect a temporar\- factory. A SSOO.OOO

job is regarded in Europe as the mini-

mum size for on-site casting. because

this will allow recovery of the cost

of plant, moulds, and planning during

the course of that single job. On-site

manufacture in Canada is generally

left to the factor\- manufactm-er who
can extend his operation in this wa\-.

At present, he has the necessary spe-

cialized knowledge, and this situa-

tion will probabh' continue until

standard specifications for precast con-

crete are available. There are excep-

tions to this general rule. but these

usually result from \ery close co-

operation with an experienced archi-

tect-engineer. At the pi-esent time

building codes make virtualK' no
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tlistinction betvveen precast concrete

and ordinary reinforced concrete cast-

in-place, so that they give no indica-

tion of the extra care required with

precast work.

Factory production, whether in a

permanent or a temporary factory,

permits rigid control of mixing, plac-

ing, and curing, as well as being

completely independent of weather.

j

Hence it is possible to produce high

j

strengths running as high as 9,000

1 to 10,000 psi, even with lightweight

concretes. The central feature of a

precastiiig factory is the concrete

mixing plant, operating on a weight

batching principie, and siinilar in ali

respects to that commonly used in

modern ready-mix concrete plants.

Some are electronically controlled.

In ali cases there is some form of

continuous inspection and of random
sampling, frequently by an independ-

ent testing laboratory.

From the mixing plant the concrete

is transferred to the casting bays,

uhich frequently operate on a long-

line principie. Here the forms are

assembled, the reinforcement placed

and possibly prestressed, and the con-

crete compacted and cured. For
smaller units and where rapid produc-
tion is desired, steam or warm water

curing is used; with prestressed units,

this permits stress release after as little

as 12 hours. Larger units may be air

cured, which permits stress release

in three days. With either method the

síde forms are stripped and re-used

on a daily basis. For winter operation

of outdoor casting bays either on the

site or at factories, forms are heated

by the circulation of steam, hot water,

or hot oil.

The continuai re-use of standard

forms makes it possible to use steel

forms. Besides reducing form main-

tenance costs and producing accurate

castings, steel forms produce a smooth
finished surface ready for painting.

The savings involved in factory pro-

duction of an integral surface finish

are very real and can reduce the con-

struction time very considerably. The
exposed face of a wall panei, for

example, may be tiled, trowelled

smooth, brushed, polished, or treated

with an acid solution or water spray

to expose the aggregate. It is possible

to achieve almost any desired texture

or colour, and at the same time to

produce a finished surface that re-

quires little or no maintenance. The
application of special finishes of this

type to a cast-in-place panei would be

costly, if not impossible, and would
require additional winter protection.

The precast units are easily handled

in the factory, usually with gantry

cranes. Some factories that use a

vacuum process to remove surplus

water from the compacted concrete

also use a vacuum mat pick-up for

handling precast components, parti-

cularly wall paneis. The finished units

can be stored under cover if necessary,

and standard units can be stockpiled

during periods of low demand so that

factory production can be maintained

at a uniform year-round levei. Most
units, however, are produced to order

and stored until they have reached the

required strength, which incidentally

means that they have undergone most
of their shrinkage. They can be de-

livered to the construction site in

sequence of erection. On well-planned

jobs they can be lifted directly from
the delivery truck to their final posi-

tions. This eliminates on-site storage

completely and is a great advantage
in wintertime. Erection of precast con-

crete may depend on solid ground

conditions for heavy erection equip-

ment; in this respect it is also more
suited to winter than to summer con-

struction.

Simplification of Construction Operations

The quality of precast work and

the po.ssibility of using prestressing

techniques with it are not the only

reasons for its increasing acceptance.

Simplified construction procedures

result in major time and labour sav-

ings, which can in turn reduce build-

ing costs considerably. The elimina-

tion of framework on the construction

site is a big factor in reducing costs.

Forms must be used, of course, in the

precasting plant, but through re-use

their number may be greatly reduced.

The amount of formwork is also re-

duced by casting the units in the most

advantageous position. A concrete

staircase, for example, is best cast up-

side down in a horizontal form. A
vertical wall panei with a double grid

or reinforcement is a difficult section

to place on the job, but in a precasting

plant the concrete can easily be placed

in the open face of a simple horizontal

form.

In Europe, savings of two to three

hours per cubic yard have been

recoixled for paneis of this type. The
over-all saving made by using precast

concrete for a French apartment

building amounted to 50 per cent of

the formwork, or from 10 to 15 per

cent of the total cost of the building.

Construction times are commonly cut

in half. One British contractor has

found that it pays to redesign cast-in-

place buildings as precast sti^uctures

simply to take advantage of modern
methods and equipment. He has

achieved such results as being seven

months ahead on a 30-month schedule

with a job little more than half

finished. Such time savings can greatly

reduce overhead expenses and interest

on capital. They can result in earlier

occupancy, and hence in earlier re-

ceipt of rents. In the construction of

an apartment building in Europe, four

months were saved b\- using precast

concrete instead of concrete cast-in-

place. The resulting savings, together

with the earlier receipt of rents, more
than offsets the cost of 30,000 miles

of trucking from factory to job-site

and of importing and setting up a

special crane to handle the precast

units. In Canada, because of the long

winter season and the desire to close

in buildings in the shortest possible

time, sa\ ing of construction time is of

great importance. Precasting avoids

cold weather delays. It can eliminate

Fig. 3. The lift slab method is an ideal winter construction method because the
concrete slabs can be placed with a single enclosiue at ground levei (Carleton
University Arts Building, Ottawa).
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Fig. 4. Joints made with cast-in-place concrete require winter protection. This
fibreboard box could be heated with a single electric light bulb.

tho iiood for ttMiipoiai\- endosures oí

Awy kiiul and can pioNíde, in itself,

an iininedialo and permancnt shell

to slieltoi- the woik of sub-trades.

AltliDngh tlio labour force required

to oroct precast concrete is small, it

ninst l)c hiiíhly skilled. In tlie United

States .1 tiained erew of six men
ereeted tlie frame of a two-story,

17,000-.sq. ft. building in fonr 8-hour

wDrking da\s. ín another case, six

men ereeted tlu- frame of 64,0()0-sq.

ft. single-stor\- bnikling in ten work-

ing da\ s. Factor\' processes make best

nse of less skilled labonr and make it

possible to build np experienced teams

that benefit from year round employ-

ment. Experience in the U.S.S.R. has

shown that the use of precast concrete

leads to an over-all labour saving

of as nuich as 48% for the individual

eoniponents, compared with mono-
lithic members. In housing, where
large precast w all and floor paneis are

used, labour on the building site has

been reduced by as much as 55%,

compared with cast-in-place construc-

tioií.

Connections Between Precast Units

The advantages of using precast

concrete are often offset by the difR-

culty of producing satisfactory con-

nections between precast units. A
number of special systems of jointing

have, however, been developed. Some
are well suited for winter construction,

but others require cast-in-place con-

crete which must then be protected by

portable shelters or other means.

There are four main types of joints

in common use:

(1) Welded reinforcement joints;

(2) Rigid metal joints;

(3) Prestressed joints;

(4) Cast joints.

The welded joint connects re-

inforcing bars which have been left

exposed during manufacture of the

precast units. Only a small space is

left between units and this space is

later grouted. Rigid metal joints are

made by steel connectors consisting

of short lengths of structural steel,

anchored into the ends of the units

to be joined and tied into the main
reinforcing by welding. The joint is

made by bolting, riveting, or welding
the connectors.

Prestressed joints are made by pre-

casting steel reinforcement which is

anchored in both units being con-

nected or by using prestressed bolts.

This system, which is considered by
some experts to be the best one, gives

a joint which is able to resist the bend-
ing moments as well as the shearing

forces which must be carried. Cast

joints are made by spiicing the ends

to be joined with reinforced concrete

which is cast-in-place. In such a joint

the compressive loads are carried by
the concrete filling, while the tensile

loads are transferred through the

reinforcement which is spliced, or by
bond between the reinforced concrete

splice and the precast units.

An ideal joint design for precast

concrete framing should satisfy three

major requirements:

(1) The joint should provide bend-
ing moment strength to the

maximum possible extent;

(2) It should be economical, with

the least possible use of extra

steel and labour; and
(3) The joint should allow exact

plumbing of a column after it

has been ereeted.

Maximum moment resistance is par-

ticularly desirable for large ware-

houses and industrial buiklings, be-

cause it is most often very difficult

to obtain lateral stability in any other

way than by fixing the columns to

their foundations. To obtain this

maximum rigidity, the reinforcing

steel over and under the joint should

l)e made continuous as far as possible.

This is most easily achieved by means
of welding; it is easier to obtain the

desired quality when ali of the steel

reinforcement is marked according

to steel type and yield strength.

To reduce the amount of extra

steel required, footplates, for example.

should be made as thin as possible and

should not be depended on to transfer

bending stresses except in the initial

stages before final welds are made or

filling concrete added. In wintertime,

it is a definite advantage to have a

rigid metal joint which is capable of

taking the construction loads without

the assistance of the filling concrete.

This concrete can be added at a later

more con\'enient time after the build-

ing is closed in. In most instances,

the labour involved in making the

joint is more significant than the extra

material used. Erection time is very

e.xpensive and should be kept to an

absolute minimum.
For most parts of Canada the rigid

metal joint is the most atti-active for

winter construction projects, but it is

also the most expensive. For this

reason, one of the other joint sx stems

is generally used and provision made
to ensure that no frost damage occurs

to the grout around the joints. A good
grouted joint is often harder to

achieve than generalh' belie\ed.

Frozen members must be heated

before the grout is applied. Some
engineers belie\ e that porous members
can absorb e\en the water requirexi

for h\ dration of the cement. Tempera-
ture, shrinkage, and loading move-
ments are often ignored. Earh" failures

of grouted systems haxe been attri-

buted to one or other of these condi-

tions. Some designers find it an

ad\antage to use a cast-in-place core
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for stability. This eliminates any
uncertainties about joints between the

precast members, and has been shown
to fit in particularly well with the

líeneral contractor's operation.

Canadian Practice

There are approximately 20 manu-
facturers in Canada who produce
structural precast and prestressed

concrete. Over half of them are to

be found in or near Montreal or

Toronto. Although the greater part of

their business is still done ia hollovv

cored and double T íloor and roof

slabs, a few have now increased their

regular production to structural frame-

works, Sandwich panei walls, and
large architectural facing slabs. Some
extend their field of operations by
site-casting and post-tensioning out-

side their own area. Precasting is now
d $25 million a year business. AIl the

eompanies report that each years pro-

duction is higher than that for the

previous year. One company has in-

creased its production six-fold in three

\ears.

A lack of standardization has kept

the industry from enjoying the full

benefits of factory precasting. Com-
petition is keen, and because of this

manufacturers are forced to work very

close to design limits. These problems
are recognized by the industry but

there is some reluctance to establish

standard sections on the grounds that

such action may restrict the develop-

ment of this relatively young, rapidly

expanding industry.

Canadian designers confirm the ad-

vantages of precast concrete for winter

construction. In order to make the

best use of the precasting method, a

designer should be able to co-ordinate

architecture and structure. He should

have a basic knowledge of the manu-
facturing processes as well as the

construction operations and the equip-

ment used to handle precast compon-
ents. Better than average supervision

of the job must be provided. In short,

ali the problems facing architect,

engineer, manufacturer, and contrac-

tor must be considered in the very

early design stages. This collaboration

encourages new thinking; in many
cases the savings resulting from a

new method of approach have ex-

ceeded those forecast for the pre-

casting method itself.

Conclusion

The use of precasting can limit

on-site concreting operations in win-

tertime to the making of the joints

between the precast parts. It can

halve construction time and ensure

top quality products. Not unnaturally

its use is expanding rapidly in Can-
ada. Much of the production of Cana-
dian plants is still restricted to floor

and roof paneis, but to an increasing

extent structural members such as

beams, columns, arches, purlins, and
load-bearing wall sections are being

produced. Full development of this

new indu.stry would seem to be re-

stricted by the lack of information

in the ofRces of engineers and archi-

tects, and by some hesitation on the

part of designers and contractors to

full consideration of this new method
and the necessary techniques.

As with ali building materiais, there

is still a great deal to learn about pre-

cast concrete but this need has been

recognized. The American Society of

Civil Engineers and the American
Concrete Institute have formed a joint

committee to study it. One of the first

projects to be undertaken by this new
"Committee 712" will be an investi-

gation of joint systems for use be-

tween structural precast members.
From such studies, an increasing fund

of knowledge will be accumulated for

the use of designers in this country.

In the meantime, there is sufRcient

evidence already available to show
that precast concrete has an import-

ant place in Canadian wintertime con-

struction, a place long established

in northern Europe and Rússia.
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TESTS OF HYDRAULIC TURBINES

An Appraisal

J. J. Trail, M.E.I.C., Consulting Hydraulic Engineer

Toronto 18, Ont.

l^nsrnttd at tlie 73rd Annnal General and Professional Meeting of the Enghieering Institiite of Canada, Toronto, Ont., June, I9õ9

EFFICIEXCY and capacity tests of

liydraulic turbines have engaged

tlu' attention of the writer for nearly

fifty years, and recently he carried out

tests of the largest turbines in the world

at present in service. Tlie range of heads

has varied from 16 ft. to 1,130 ft. and

of capacit\- from 200 h.p. to 200,000 h.p.

Quantity of water used has been

measured by four different methods,

but several other methods have been

observed or studied. The Gibson Time-

l)ressure method has been chosen for a

majority of these tests, but in that

regard the writer does not differ from

others who have speciaHzed in such

tests, each confining his work largely

to one method.

It is proposed in this paper to make
an appraisal of the value of tests, to

describe briefly several of the methods
used for measurement of cjuantity of

water flowing and to comment on tests

of models of turbines, Test Codes and
several other related matters.

Tests of turbines in place as a rule

involve some considerable expense and
sometimes interfere to greater or lesser

degree with the normal operation of the

plant in which the turbine is installed.

It is reasonable therefore to consider

why tests should be made.
The economies of the problem must

of course be the determining factor

although a long range view should be

taken of this. Consider a power plant

fosting $S0 million, comprising two
generating units. If the turbine of one

unit has an efficiency of 90% over the

usual range of operation and the other

88%, the loss of investment represented

by the deficiency of 2% in half the plant

amounts to about $240,000. Turbine
efficiencies over the years have been
increased bv a much greater amount
than 2%.

In the majority of the acceptance

tests carried out by the author the

efficiency and capacity guaranteed have
been realized. There have however,

been quite a number of turbines which
have failed to attain the maximum
efficiency guaranteed, more which have
failed to reach the expected efficiency, a

lesser number which have failed to have

a maximum output equal to that

guaranteed and others, intended for

continuous use at full output, which
have fallen ofí badly in efficiency as

they approached full gate opening.

Having in mind the capital value of

small increases in turbine efficiency it is

certainly in the interests of the pur-

chaser to assure himself by tests that the

equipment conforms with the guaran-

tees named in the contract.

There are also secondarj^ benefits

from the tests. In multi-unit plants the

best overall efficiency of generation

rcquires that the total load on the plant

be properly distributed among the units

and that the right number of units be

in operation to secure this optimum
efficiency. The onlj- way to determine

the proper number of units and the

distribution of load among them is by
analyzing the efficiency curves.^-^ If

surplus water is available this does not

apply but as a rule, for the major part

of the year at any rate, economy of

water is an important consideration

particularly in the case of develop-

ments depending on stored water.

The tests also enable a continuous

record of water used to be made a part

of operating records.

Considering the value of tests to the

industry in general, a review of the

experience on this continent over the

past hundred years is of interest.

In 1859-60" tests wer(> made of 16

turbines at Fairmount Park Water
works in Philadelphia. The weighted

average of the maximum efficiencies of

these turbines was 72.5%. At the

Centennial Exhibition at Philadelphia

in 1876, eighteen turbines were tested

and showed a weighted average of the

maximum efficiency of 75.5%. Turbine

manufacturers used the facilities of the

testing fiume of the Holyoke ^\"ater

Power Company, at Holyoke. Mass.. to

test and improve their product. but

because the results of these tests were

treated as the property of the com-
missioning manufacturers, a complete

record of progress in the industry is not

available. However, complete records'

are given for twelve turbines of various

makes and sizes tested in 1896-98.

The average of their maximum ef-

ficiencies was 83.6%, the highest ob-

tained being 85.4%.
The improvement of 11% over this

40 year period was probably paralleled

by a similar improvement in the product

of European manufacturers. The Xorth
American manufacturer generall\' pro-

duced a series of turbines of similar

design and in various sizes, whereas the

European manufacturer built turbines

fitted to the project in hand. Two
turbines installed by European manu-
facturers at developments in Áustria

and Switzerland in the late 1890's

showed efficiencies of 85 and 86%
respectively—figures quite comparable

with tliose recorded in the previous

paragraph.^

The generation of electrical energy in

central stations and its distribution to

industries located at some distanoe from

the source of power in the latter part of

the 19th century opened the field for the

use of larger generating units and gave

an advantage to the European turbine

manufacturers. In the early years of tlie

present century most of the turbines

installed in central stations—notabl>-

those at Xiagara Falis—wen^ of

European manufacture, and test^ wlion

made indicated efficiencies of the ordor

of those recorded above. Refinements

in design not only in the turbine nm-
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ners bvit in gates, scroll cases and draft

li tubes were responsible for progress in

.1 the attaininent of higher efficiencics. In

ii one of these plants units were installed

; in groups of 2 or 3 as power demands
increased over a period of about ten

í years. One of each group was tested by
I the author a few years later and it is

i!l interesting to note that, with one

cxception, each group showed an
improvement in maximum efficiencj'

over the previous group.

During the early years of the century

improvenients in design and settings of

turbines resulted in greatl.y increased

turbine eííiciencies, and by 1925 ef-

ficiencics in excess of 93% were attained

in a number of instances. Laboratories

were established by most manufacturers

of turbine equipment, improved methods
i of testing were developed and at least

I two new methods for the precise

ij measurement of large ílows presented.

These are The Allen Salt Velocity

Method* and the Gibson Pressure-

Time Method'' ' The consistently high

efficiencics attained by modern tur-

bines are the outcome, in part at least,

of the large number of field and labor-

atory tests that have been made during

I
the last forty years. Dr. Gibson in a

j

recent paper' presents the results of

206 field tests by the Gibson Method

I

since 1920, 75% of which showed

i
eííiciencies in excess of 90% and 10%
in excess of 93%.

Field Tests of Hydraulic Turbines

The quantities to be measured in the

test of a turbine are (1) The head acting

(2) the power output and (3) the

quantity of water passing through the

turbine. Brief comment on the first

and second of these will be made later.

In the four following sections descrip-

tions are given of four diííerent

methods commonly used for measure-

ment of the third item.

The Current Meter Method
Current meters fali into two classes,

namely those with horizontal axis and
those with vertical axis. The former

usually has four inclined blades sup-

ported by radiating spokes (bladed

meters) or two or more helical vanes

mounted directly on the shaft (propel-

lor meters). The backward thrust of the

shaft is taken usuallj^ by a jewelled

thrust bearing within the meter housing,

which also contains electrical contacts

to enable a record of revolutions of the

meter shaft to be transmitted to a con-

venient observing or recording post.

The vertical axis meter carries on its

shaft four to six hemispherical or cone

shaped cups. The shaft is supported on
a protected steel pivot and, above the

cups, there is a housing for the electrical

contact for counting or recording

revolutions of the shaft. The vertical

axis meter is the type generally used on
this continent for measurements of

stream flow, for which purpose it has

great advantage over the horizontal

axis meter.

In stream flow measurements the

vertical axis meter is generally sup-

ported on a cable or fine wire and pro-

vided with a tail-fin which causes the

meter to face the direction from which

the water in contact with it is flowing.

If a momenfs thought is given to the

use of the vertical axis, or cup type

meter, it will be realized that, even if

rigidly supported, the full velocity of a

horizontally divergent current will be

recorded, not the resolved part of this

normal to the metering section. If the

divergence is in the vertical plane the

meter is found to under-register the

resolved part of the velocity. This

meter, therefore, is not favoured for

turbine tests.

When meters are used for turbine

tests they are of the horizontal axis

type and they are rigidly sup]:)orted

with the axis at right angles to the

measuring cross-scction. If the water

flows past th(> meters at an angle other

than normal to the metering cross-

section they record approximately the

resolved part of the velocit.y normal to

the cross-section. If the angularity of

the current does not exceed 8° the

recorded velocity will be within 1% of

the resolved part of the velocity normal

to the metering section.

Current meter manufacturers in

Europe for many years have studied

and improved their product and one of

these claims for certain Instruments

of this component type is that they

record the resolved part of the velocity

normal to the metering section for

angles of inclination far in excess of the

figure given above, in fact, for one type,

about 45°. Manj' other meters record

the resolved part of the velocity normal

to the metering section at angles well in

excess of 8°.

For low head plants it is the usual

practice to meter the flow at the

intake or in the intake canal where

the flow is likely to be less disturbed

than at other points along the flow

path. It is customary to mount a

group of meters on a steel frame move-
able vertically, in stop log or gate checks

if at the intake, the meters being

suitably disposed as to define, as ac-

curately as possible, the variation of

velocitj^ across the intake or canal. A
light-weight metering frame is shown in

Fig. 1. The frame is then lowered until

the meters are at a pre-determined

distance below the top of the metering

section and readings of the various

meters transmitted to a chronograph

over a measured time interval (also

recorded on the chronograph), the time

of record being at least one hundred

seconds. The meter frame is then

lowered to various pre-determined leveis

in the metering section at each of which

the meter readings are recorded. The
spacing of the vertical points of

measurement is so chosen as to properly

define the \'ertical velocity curve. The
position of the meters on the steel

frame and the lowest point of measure-

ment should place the meters not more

than 8 ins. nor less than 3 -4 of the

diameter of the meter wheel from the

boundary of the metering section.

The number of metering points is

d(>fined in various test codes. ali

differing slightly. The formula con-

sidered most generally acceptable, as it

confornis closely with a new Interna-

tional code now in preparation, calls for

a number of metering points from 10

and 16 times the cube root of the arca

Fig. 1—Lightweight meter frame carrying seven meters and movable vertically in

stop-log checks.
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of tho iToss soi'tii)ii in sq. It . l'\>r examplo

for ;i motorinjí siH-tiuu 11) It. by 12' > 't-.

M to SO inotoriii}!; points aro roquin^l.

Tho motoriiifí softion inust 1k> (Icíinito

in aiva aiul siisceptiliU' of accurato

infasinvinciit. An arrai\fícnu-iit u«h1 hy

tho writor in nioasuronionts at a sniall

plant witli a ourtain wall at tho intake

oxtoinUntí woU hAow wator yurfaco is

ilhistratoii in Fii;. _. 'l'ho nietors in this

oaso woro niountoil on a steel frame

niovoablo in stop log checks and the

noso of tho in(>tors canio within an inch

of tho tinibor bulkhoad. Tho arrange-

niont (loos not oomply fully with the

tost i'0(lo but was considcred satis-

factory. In this oasc the area of the

niotoring soction was definito and was

nioasurod boforo tho plant camo into

serviço. Flow at ali points was normal

to tho soction or nearly so. However,

Europoan practice would demand a

bollmouth upstream from the section

to furtlior assure streamlined flow. Even
in flow moasuroments in a canal a bell-

niouthod structurc might be used which

would have the added advantage of

kooping the area of the section inde-

pendent of variations in water levei.

In European practice by far the

larger number of turbine tests are made
by current meter even in penstocks from

4 ft. diameter and upward. Various

arrangoments for supporting the meters

Fig. 3—Measurement in large penstock

with high velocity of flow. Single move-
able meter sliding along permanently
mounted rod.

T'

aro usod, two of which aro illustratod in

Figures 3 and 4. For small penstocks

smaller meters are used than for open

channcls or for large penstocks. The
niinimum distance of the meter from the

wall of the penstock, as for open chan-

nols, is usually 3/4 of the diameter of

the meter wheel, and the spacing of

meters across the diameter is such as to

give approximatoly equal weight to the

records of each meter. Measurements
are usually made on two diameters.

Conductors are led from each meter to a

recording chronograph and, if a single

meter is used, the reading for each

position continues for at least one

minute or, if a group of fixed position

meters are used over a full diameter,

roadings continue for at least five

minutos.

The metering section in a penstock is

chosen if possible at least 20 penstock

diameter downstream and 5 diameters

upstream from the nearest bend.

Manifestly in many large penstocks it is

difficult to conform with these condi-

tions in which cases the flow condi-

tions at the metering section are care-

fully examined prior to the test.

The AUen Salt Velocity Method

This method, developed by the late

Prof. C. M. Allen of Worcester, Mass.,

might be considcred as a positive or

volumetric measurement. The method,
applicable to closed conduits, is based

on the fact that salt in solution in-

creases the electrical conductivity of

water. A salt solution is injected at a

section in the conduit upstream from

two seats of eléctrodos suitably spaced
along the conduit and its passage at the

eléctrodos, together with the elapsed

time of its passage, is recorded on a

graph. An accurato measurement of the

conduit enables the volume between the

two sets of eléctrodos to be computed in

cubic feet, V, and, if tlie time of passage

is t seconds, the discharge in cubic feet

per second is

Q =
V
t

No empirical coefficients or corrections

are used.

Usually, as indicated above, two sets

of eléctrodos are used. In a rectangular

conduit these may consist of a series of

pairs of iron pipes, tho pipos in each pair

being a few inches apart and insulatod

from each other and from tho conduit.

They are installod parallel with the walls

of the conduit and extendod from top

to bottom. In a circular pipo the bars

are so spaced as to give oqual wíMght

electrically to equal áreas of pipo cross-

section. The two banks of eléctrodos are

spaced at such a distance apart that the

passage of the salt solution from one

to the other at full load is at loast nine or

ten seconds.

Fig. 2—Bulkhead installed at intake of

low head plant to develop a satisfactory^

metering cross-section.

The salt solution is injected into the

conduit undor pressure through a system

of piping and pop valves controlled by

a single quick opening valve.

In some cases ouly one set of elec-

trodes has beon used and the time from

injection of the salt solution to its indi-

cation at the eléctrodos is measured. In

such cases the volume of conduit from

the pop valves to the eléctrodos is tho

T' of tho abovo equation.

The electrical record of passage is

usually made on a direct writing

oscillograph with A-ariable spoed. A
typical chart is shown in Fig. 5. Tho
record shows clearly the passage of the

salt solution at each bank of electrodes

and, at the top of tho chart. a record of

time by seconds marked by a chrono-

graph pen actuated by a seconds pon-

dulum or some other precise timing

device. The area marking incroasod

amperage as the salt solution passes is

marked off and its centre of gravity

detormined. The time indicated by tho

location of the c. and g. is taken as tho

time of passage of the salt solution.

The method has probably a broador

fiold of application for closed conduits

than any othor method. It has been usod

successfully in comparatively short

converging passages such as are com-

mon in low head plants and in circular

penstocks of ali sizes. Its acouracy has

been confirmed by many tests in which

other mothods of water measurement

have also been used. A record of somo

of these comparisons will bo found in

Table No. 1.

Tho method has boon usod in tho

laboratory and fiold in o]ien ohannols.

In such casos the moasuromont of
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volume is more difficult because of the

free surface.

The Gibson Pressure-Time Method

This method, invented by Dr
Xorman R. Gibson of Niagara Falis,

X.Y., in 1919 is an application of

Xewton's second law of motion. This

Mcond law may be written in the form

"The total change of momentum is pro-

])()rtional to the impulse of the applied

force".

Consider a mass of water M in a pen-

stock moving with a velocity v feet per

second. Its momentum is Mv. If the

turbine gates are closed in r seconds so

that the velocity is reduced to zero the

change in momentum is Mv. Some force

P has acted upon this mass to bring it

to rest and the impulse acting on the

Aíass M is Pt. Thus if quantities are

iiieasured in dj^namical units.

Pt = Mv
The Mass M can be computed by mak-
iiig a survey of the penstock. If the

impulse Pt is measured the only un-

known in the equation is v from which

the discharge is readily computed.

In practice a differential mercury
u-tube is connected to peizometers at

two sections of the penstock and one

leg of the u-tube, a glass tube, is set up
in front of a special camera at the rear

of which a photographic film on a re-

volving cylinder records the movement
of the mercury in the u-tube. A high

intensity light is set up in front of the

u-tube and a seconds pendulum in front

of the lens cuts off the light each second,

recording time on the film which is

usually 11 X 18 in.

The glass tube through which the

Fig. 4—Measure-
ment in large pen-

stock. Cross-shaped
frame supporting
thirteen perman-
ently m o u n t e d
meters.

movement of the meiTury column is

observed is usually 1/2 in. or 5/8 in. out-

side diameter of uniform internai dia-

meter and the other leg of the u-tube

consists of a honed steel tube of a dia-

meter suited to the test in hand. The
glass tube is fixed to the front of the

camera and its distance from the lens

is such that the movement of the mer-

cury is precisely duplicated on the film.

Instead of a single piezometer usually

two or four piezometers are installed at

each of the sections in the penstock.

These are joined by a ring of piping

around the penstock or, alternativelj',

by separate pipes led to outlets at a

point convenient for connection to the

Gibson instrument. The mass of water

Table I

Comparison of discharges measured by two or more method.s.

Method

Loration Weir

Cornell
Shawinigan
Muscle Shoals 1.000

Conowingo
Parahyba
Walchensee
Gitting
Munchen
Brunnenmuhle 1.000

Brunnenmuhle 1.000
Moshier
Pandora
Parahyba
Montpezat
X.D. de Briancon 1.000

Glandon
Fabian
Baous
Kinlochleven

" Preliminary
" Series I

" Series I

" Series II
" Series III
" Series IV

Current
Meter Volumetric Gibson Allen

Thermo-
metric

1.000

1.000
1.000

1.000

1.000

1.002

1.000

993
1.000

1.000

.997

1.004

.997

1.014

.996
1.000

.998

1.000

1.000

1.001

1.004
.998

1.001

1.004

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000
1.000

.998

.985

.982

.993

.998

.996
1.005

1.003

1.004

.994

.985

brought to rest, the M in the formula

above, is that in the penstock between
cross-sections through the two sets of

piezometers.

As originally devised a single set of

piezometers was used and the u-tube

was of the simple instead of the differ-

ential type with the leg containing the

steel riser open to the atmosphere. The
mass of water brought to rest then

extended back to the penstock intake

and an additional measurement of

variation in water levei at the intake

during closure was necessary. The simple

set up is seldom used now. The method
herein described is known as the differ-

ential method.

In Fig. 6 is shown a reproduction on

a reduced scale of a Gibson diagram

from a test of a turbine when develop-

ing 15956 hp. under a head of 104.6 ft.

The closure of turbine gates com-
menced at point A and was completed

at point 5i. The levei of the mercury
in the glass tube at beginning of closure

was at the horizontal line through ,4

and after the liarmonic fluctuation of

the mercury column have ceased, in

about 30 seconds, it was at the hori-

zontal line through B. The vertical Unes

are those marked on the film by the

pendulum as it swings in front of the

lens. On this film they are 0.814 in.

apart. The position of point Bi and
the recovery line are computed from
the Information on tlie diagram but no
explanation of this part of the com-
putation will be attempted here. They
are described in considerablc detail in

references 6 and 7.

In that part of the diagram above the

recovery line from .4 to BBx abscissae

measure time. Ordinates, measuring the

movement of the mercury column, are

proportional to pressure and the area
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ol" tlic iliaiírani thcrofuri' is a nirasurc

i>f tlio impulso Ol /'/.

Tho iliagram luoasuivs tho flow cut

ofT as tho turbino gatos oloso. Thcro is

always loakago past thc gatos, usually

loss tl\an ono half p(M- cout ol' tho full

gato ílcnv. This is inoasurod hy a soj)-

arato turhino tinto loaka,i;i' tost anti

adiloii to tho llow fcconlotl hy tho

diagian».

An oxport lookinii at tho diagram

in Figuro (i will dotoot at onoo that

i'losuro ot' tho turbino gatos was not

ooniploto at B M, but was at C. The area

at (' is wry slightly greater than at

B Bi but for simplicity in this explana-

tit)n olosuro is assumod to have been

oonii)lotod at B.

Tho niothod is most readily applic-

abk' to moasurcments of flow in

<'iroular ponstocks or eonduits of any
dianiotor having a sufíiciont length to

gi\-o a satisfaotory impulse during

olosuro of tho turbine gates. Test codes

nsually domand that the product of

length between piezometers and veloc-

ity of flow in the penstock shall be at

loast 200. It is not necessary that the

penstock be straight or of uniform

diameter. The method has been suc-

ccssfully applied in the short converg-

ing concreto eonduits common in low

head plants.

]Many attempts have been made to

apply the principie of the method by
other devices than the instrument

designed bj' Dr. Gibson, some of them
simulating the steam engine indicator.

AH of these so far built have been

inferior in operation to the simple

morcury u-tube used by Dr. Gibson.

The Poiran Thermomelric Method
This method differs from those

described in that it does not measure

the quantity of water but instead

measures the loss of energy or more
properly the mechanical energy con-

A-erted into heat as the water passes

through the turbine. The method is

based on the principie of equivalence

of mechanical energy and heat. Some
attempts to make use of the principie

to measure the eííiciency of turbines

have been made in Germany and
Canada, and probably elsewhere, but

the technique was somewhat different

from that developed by the engineers

of Electricite' de Franco.

In tests conducted by The National

Research Council fCanada) in co-

operation with the Shawinigan Water
and Power Company at Grand' Mere^
the increase in temperature of the

water between entrance to and exit

from the turbine was measured by a pair

of very accurately calibrated thermis-

tors. This increase in temperature whon
convertod to its equivalont in mechan-

ical onergy Cpor Ib. of wator) ropresents

28.8 SECONDS BETWEEN CENTERS OF 6RAVITY SECOND

-

r-

1

No. 1 ELECTRODE No. 2 ELECTRODE

IDENTIFICATION MARKS

VOLUME OF TEST SECTIONS BETWEEN ELECTRODES « 5345.37 CU.FT.
AVERAGE TIME OF PASSAGE (ALL SHOTS) = 28.88 SECONDS
DISCHARGE (53 45.37)-^ (28.88) = 185.089 CU.FT /SEC.

=(185.089)( I728)(60) + 231 = 83,074 G.RM.

Fig. 5—Typical chart from Allen Salt Velocity Measurement.

the part of the net head converted into

heat (and lost) and enables a computa-

tion to be made of the turbine ef-

ficiency. Manifestly identical and very

accurate thermistors must be used to

measure the very small temperature

differences. On the other hand this

method measures a small quantity

namely the losses which may be only

7 or 8% of the total energy whereas in

other methods the useful energy gener-

ated possibly 92 or 93% of the total

energy. An error of 20% in the losses is

equivalont to only about 1% in the end

result, the efiiciency.

The technique used hy the French

engineers differs from that used at

Grand' Mere in that the change of

internai energy of the water at en-

trance to the turbine is determined for

an adiabatic expansion which brings it

to precisely the same temperature as

the water in the tailrace.

In practice a probo is inserted in the

penstock upstream from the turbine

casing and through this a small quantity

of water ílows through an expander,

with controllable head loss, and thence

through a well insulated pipe to a

measuring enclosure, also well insulated

against heat loss. In this measuring

enclosure a platinum resistence thermis-

tor is placed and an identical thermistor

immersed in the tailrace water. The
thermistors have been previously cali-

brated by placing them in the same
water bath and determining the setting

of a Wheatstone bridge when the two
thermistors are at the same temperature.

It is claimod temperature differences of

0.001 of a dcgree can be dotocted.

Invostigations have indicated that con-

siderable latitude is permissible in

locating the probos and confirmed the

uniformity of temperatures at ali points

in the penstock and tailrace for ali

ordinary cases.

The pressure in the measuring en-

closure is now reduced by controUing

the flow coming through the i)robe until

the Wheatstone bridge is balanced and
the temperatures in tailrace and the

measuring enclosure are, therefore, the

same. The pressure in the measuring

enclosure is then accurately measured

and its temperature observed (to tenths

of a degree C.) The flow from the

measuring enclosure is then cut off and

the pressure there, wliich is now the

pressure in the penstock, is measured.

Special equipment enables these pres-

sures to be A-ery accurately determined.

Very briefly the theory on which the

determination of the efiiciency of the

turbine is made is as follows:

The energy supplied to the turbine

shaft per unit weight of water call

= {H, - H,){1 - a)

+ - (r, - T,) - (Z:

9

{Hl — H-2) difference in heights of the

water columns corresponding to the

pressures in the measuring enclosure

= (Pi/ ír - Po '«•)

w is the specific weight of water

a is a coefficient, function of Hi and Ti,

to determine the internai energy of

tho water (Clapeyron"s equation).

Tl and Ti Temperatures of the water in

tailrace and penstock.

The mechanical equi\-alont of heat.

C The specific heat of the water at

Temperature Ti and constant pres-

sure.

g The acceleration by gravity.

Zi — Zi Difference in elevation of

points of reference of pressures Pi

and P,

If H is the net head.

Turbine offioiency = H„ H
This officioncy does not inolude

mechanical losses in bearings nor power

withdrawn by accessories (governor.

lubricating pumps, etc.)

As the temperature in thc measuring

enclosure is brought to that of the t.:\il-

race by roduoing tho pressure in the

enclosure, T, - T: bocomos zero and
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I

i = HAl - a) + Z
i in which Z is the difference in elevation

of the measuring points.

Thus the procedure used, instcad of

i requiring a precise measurement of a

very small difíerence of temperature,

1 reduces to a determination of the change

;; of internai energy of the water when the

;j
pressure is reduced in the measuring

I

enclosure until the temperature there is

\ that of the tailwater. The coefíicient

I varies with temperature and pressure

j

and can be accurately determined. It

generally lies betvveen zero and 0.05.

j

The French engineers do not consider

the method applicable for heads less

I

than 100 meters or 325 ft. Numerous

j

tests have been made on several high

liead plants and the results compared
with tests in which the quantity of

w ater was measured by current meters

i)r weirs. In general the eííiciency

indicated by the Thermometric method
differed from that determined by other

methods by amounts varying from zero

to one per cent. The results secured in

tliree tests are shown in Fig. 7. Five

óthers are shown in Table I.

Comparison of Four Methods
The neglect to treat various other

methods of water measurement in test

i)f hydraulic turbines is not intended to

relegate them to a lower grade of

acceptability. Volumetric and gravi-

metric measurements, generally con-

sidered to be of the highest order of

accuracy, are very seldom applicable.

The Weir is limited in its application to

« omparatively small fiows. The Pitot

tube has been used successfully in

many tests. The travelling screen

requires the availability of a straight,

very uniform canal and, in other cases,

experimental coefficients must be avail-

able. It might be argued that the rating

curve for a current meter is an experi-

mental coefíicient but facilities are

readily available for rating meters and
expericnce has shown that the rating of

horizontal axis meters remains constant.

For the Weir also experimental coef-

ficients are required but a great volume
of data collected by many investigators

has been crystallized in formulas ac-

ceptable for properl}- installed weirs

within certain limits of head and other

dimensions.

The íirst three methods briefly

described above have been used most
frequentl}^ for flow measurements in

turbine efficiency tests with a very wide

range of flow and the fourth has great

promise for plants operating under

heads of 300 ft. and upward. It has not

received wide acceptance as yet, but it

possesses certain merits within its range

of application not possessed by the

other three methods.

In comparing these various methods
one must consider the accuracy of the

results, the amount and cost of equip-

ment required, the time require:! for

preliminary preparations for a test, the

degree of interference with normal
operation of the power plant, the time

required for the test proper and the

time and expense involved in deriving

the final results.

With regard to the accuracy of these

various methods one can only reach a

conclusion by comparing the measure-

ment of the same quantity by two dif-

ferent methods. Table I submits such

comparisons from various sources.

Absolute accuracy of course cannot

be claimed in an\' case. For con-

venience in this comparison one method
in each case has been given a value of

1.000
; the figure on the same line under

another heading shows the relative

cjuantity as measured by the other

method. For example at N.D. de

Briancon the weir is marked 1.000 and
the Thermometric Method 1.005. This

indicates that the Thermometric
method gave a discharge half of 1%
higher than the weir. It must not be

inferred from this that the weir is as-

sumed to be absolutely accurate.

The various methods seldom differ

from each other by as much as 1%, in

fact agreement is usually much doser

than that. Ali comparisons available

have not been shown but of those

omitted none was left out because of

lack of agreement.

In the final Kinlockleven tests four

series of runs are shown, in Series I and
II at about 63 cu. ft. per sec. and in

Series III and IV at about 75 cu. ft. per

sec. The average divergence of current

meter and salt velocity in Series I and
II is considerably greater than in other

cases. This is surprising as in the pre-

liminary tests there at a wider range of

flows average divergence was only 0.13

% and maximum in anj^ one run was
1.3%.

The current meter method has been

used more widely than any other and in

Europe particularly has been developed

to a high degi-ee of perfection not only

with regard to the Instruments and their

accessories but also in the standards set

for accurate measurement. On this

continent the method is thought of as

Fig. 6—Typical Gibson Diagram.
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Table II.

Method

Weight
of

Equtp.
Ibs.

Installa-

tion of
Equip.

Man Hours

Unit oiti

of
Service

Duration
of

Measure-
ments

Current
Meter

Pitot Tubes

Salt

Velocity

Salt

Titration

2

450

725

825

1375

3

20.5

28

28

23

Measure-
ments

of
Discharge

About
2 days

9 hrs 15 mins
(2 days)

6

27

12

18

Commenís
on

Col. 3

Mounting
Meters
Measure-
ment of pipe

Mounting
Pitot tubes
Measure-
ment of pipe
Mounting
^'alves

Complete
Mounting
Sequence

applicahlo to nu\isuivnu-nts in opcii

ohaniiols or at tlu' iiitako to a low licad

plant. In luiropcan practicc It is used

also iii poiístofks as iiidicatcd abovc

o\ on uiulor von' hi{íii hcads.

RolViviu'o is niadc ahovo to tlic use

oí inovaiilo stoid franu-s to support the

motors and IvlhnoutluMl stnictures to

improv(> i'onditions at tlic niotorinfí

soi-tion. .Manifostly the bcllniouth adds

to tho fost of the test, may be difficult

to install and intorferos with normal

opcration of tlic phuit during its installa-

tlon. Tho stocl franie built to support

tho niotoi-s, soniotinies much more

elal)orate tlian tliat illustrated in Fig. 1,

also may add to the eost of the test as it

is not likcl>- to be ajiplieable, with

re\'isi()ii, to tests at other plants.

in rurr(>nt meter measurements in

penstoeks also special arrangements to

sii])])ort the meters, as illustrated in

Fig. 3 and Fig. 4 involve expense ad-

ditional to the test equipment proper

and for their installation interfere with

normal operation of the plant although

perhaps not for a great length of time.

Criticism has sometimes been levelled

at the Gibson method and the Allen Salt

\'elocitv method on the score of special

and expensive equipment being re-

quired. A comparison of present day
costs in two cases may be of interest. A
complete Gibson instrument built in

1958 of essentially the same design as

Dr. Gibson's original instrument but

possessing many minor improvements
cost between $9,000 and $10,000.

This included the Gibson instrument,

lamp, film drums, glass tubes, steel

risers. shipping cases and calibrations.

A quotation received about the same
time for 12 meters for use in a test of a

large plant was .$6,084. This included

12 meters, a 14 pen chronograph, clock,

meter calibrations and plaster casts of

propellors, and shipping cases.

• It must be kept in mind that the

equipment for both Gibson tests and
current meter test will be usable over

many years. Two Gibson Instruments

built forty years ago and used in tests

of about 200 turbines are still in use.

Minor revisions and replacements have
been made from time to time such as

new risers and lamps but these have in-

volved expenditures amounting to a

small part of their original cost. The
same is true of the current meter equip-

ment; some Ott meters purchased by
the author 30 years ago are still in

service.

The author has no good Information

regarding the cost of equipment for the

.\llen Salt velocity method and the

Thermometric method but believes it

would be less in each case than for the

current meters and accessories quoted
above.

Data are given in Table No. II re-

garding amount of equipment, pre-

liminary preparation time required for

a series of comparativo measurements
of flow in a 40 in. penstock under a head
of about 900 ft.^»

It should be noted that this was not

a test of a turbine but a comparison of

measurements of flow by four different

methods. The flow was practically

constant at about 63 cu. ft. per soe. on

the first da}' and about 75 cu. ft. per

sec. on the second. If a turbine test were

made covering the full range of capacity

of the unit, measurements would pro-

bably be at about 25 different rates of

flow; the duration of the measurements

would be increased somewhat for the

current meter and salt velocity measure-

ments and greatly increased for the

Pitot tube and salt titration methods.

This is because on changing the rate of

flow some time must be allowed for

flow throughout the system to become
stabilized and the duration of a single

measurement for the third and fourth

methods named.

Special equipment provided in these

tests enabled the current meter dis-

charge to be computed for each run in

about 15 minutes by means of a hand
calculating machine and about five

minutes by an electrieal calculating

machine. Each of the 27 measurements
indicated represents two to ten measure-

ments of discharge.

For the Pitot tube a complete set of

readings at one rate of flow required

about 75 minutes and computation of

results about one hour.

For the salt velocity method injec-

tions were possible at intervals of one

minute and, at one rate of flow, ten

separate measurements were possible

in ten minutes. Each of the eighteen

measurements indicated in Table II

represents the result from about 10 salt

injections. Evaluation of results ap-

peared to require more time than the

corresponding operation for the current

meters.

A direct comparison of these results

with the Gibson Method is not possible

but complete records are available for

many tests. One of these in which a

single unit rated at 47.000 h.p. under a

net head of 133 ft. was tested is selected

as a convenient example. Test equip-

ment shipped to the plant weighed

700 Ibs. but this did not include

electrieal Instruments for measure-

ment of power output of the unit.

Preparatory work required slightly

over 1^2 days includmg setting up of

Gibson instrument, headwater, tail-

water and net head gauges. gate scale

and gauges for measurement of rack

and penstock losses and preparation of

a photographic darkroom. The unit was

out of service from 1 p.m. to 5.30 p.m.

for measurement of turbine gate leak-

age. inspection and adjustment of a

governor on a Saturday afternoon and

was then restored to service until 10

o'clock the next morning. Gibson runs

commenced at 10.35 a.m. on Sunday
morning. 26 runs were completeci at

3.28 p.m. and the unit was restored to

normal service at 4 p.m. Thus tho unit

was out of normal service for ten hours

but as these hours were on a Saturday

afternoon and Sunday when system load

was reduced. and sparo capacity was

therefore available. the test did not

interfere with normal operation of the

plant. Preparatory work in this case

required somewhat less timo than

usual, but if more units than one are

to be tested in a plant much of the

preparatory work would apply to ali

units.

Corresponding data are not available

for the Thermodynamic method but

tho author would judge from obsorva-

tions of tests that the equipment would

be as low in eost, bulk and weight as for

a test b>- current meters, and that
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preparatory work and interference with

normal operation of the generating

equipment would be no longer and
might even be Icss than by any of the

other methods.

The followLng comments summarize

the conclusions reached by the author

regarding these four methods of con-

ducting tests.

1. Under satisfactory conditions for

their appUcation ali four methods
attain the same degree of accuracy.

2. Cost of equipment for a test is

considerable in ali cases, the current

meter method and, possibly, the

Thermodjaiamic method having a slight

advantage over the others.

3. Weight and bulk of equipment is

appreeiable in ali cases the current

meter method losing its primary ad-

vantage if meter frames and supports

are taken into account.

4. Time required for preliminary

preparations will depend on the indi-

vidual case under consideration. Table

II shows some advantages for the

current meter method but in most
practical cases it would lose this ap-

parent advantage. For tests at plant

intakes and in open canais it might far

exceed other methods.

5. The Gibson Method and the

Thennodynamic Method probably in-

terfere with normal plant operation to a

lesser degree than other methods. This

is because with them there may bc no

interference with normal plant opera-

tion during preliminary preparations

whereas the current meter and salt

velocity methods do so at that time.

6. The time required for a complete

test of say 26 runs as in the case of the

Gibson test referred to above would be

about the same for ali methods. If the

time required for rating of current

meters is taken into account the other

three methods would have a distinct

advantage.

7. The time and expense for deriving

the final results for discharge is prob-

ably least with the Salt velocity

method. With modern eleetronic equip-

ment the current meter method might

equal it. Without this the Gibson

Method and the Current Meter Method
would be about equal.

Only brief reference will be made to

the two other items in an efficiency test

of a turbine namely the head acting on

the turbine and the power output.

These are measurements that must be

made with prccision if satisfactory

results are to be secured. They are dealt

with at some detail in various other

articles and test codes. This paper

therefore, confines its discussion to the

measurement of water passing through

the turbine.

The final result sought in a turbine

test is a record of capacity and efficiency

of the machine along with numerous

ancillary results. The flow having been

measured, computations to secure this

final result are the same no matter what
method of water measurement is used.

In the author's experience the time

required to carry the results to the

desired completion generally is as great

as to secure the record of flow.

Models of Turbines

HydrauUc turbines have attained

their present high efficiencj' through the

immense amount of experiment on

turbine runners and settings in labor-

atories ali over the world. Nearly ali

turbine manufacturers maintain labor-

Fig. 7—Measurements of Turbine Efficiency by Weir and Current Meter compared with measurements by the Thermo-
metric Method.
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atorios in whu-h tosts of sinall scali^

lUDilols !nv usiul to i-onst.int 1\ iiiii)rovo

tlu-ir pnuliicts. A tost of a tuil)iiu- aftcr

iiistallation iiuolves ('onsidcrahli^ i'x-

poiísi'. may iiot conforni with oondi-

tions. liamos iii tlic coiitract, as, for

1'xamplo. iii tlu' lunul availahlc at tlic

tinu' of ti'st. aiul a satisfactory (iof!;i"i't' of

pivi-ision in lucasurcinonts niay be

(lirtirult to attaiii. 'IVsts in thc labor-

atory ran bo inado at moro modoratc
oosts, witli mor(> (•om]:)loto instrumonta-

tion, jin^itiM- sjx od, fa\'ourablo woathor

ooiulitions and fi-otiuontly at a rango of

lioads far oxcooding tho rangc^ availablo

in tho tiold. This has l(>d to proposals

to substituto laboratory tosts of turbine

modols for fiold tosts of the prototype.

It is proposod thorofore to discuss

lalioratory tests and to explore this

proposai.

In order to (lori\-o tho bohaviour of

tho prototype from the results secured

from the model it is necessary that

Ijotwoon model and protot>'pe it is

neeossary that there is not only geo-

metrio but also dynamio and kinematio

similarity. For dynamio and kinematio

similarity velocities and forces acting

in model and prototype must be

similar. ín many hydraulic models
gravity and inortia are the dominant
foroos and a relation between model and
l)rototypo is readily dotermined by the

Fronde numbor. For ii\ draulic turbines

gravity, inortia and fluid friotion are

dominant, thus both the Reynolds and
Froude numbers apply. In this case as

with ship models, there is no simple

method of stepping up from model to

prototj-pe.

The necessity of having dynamic
and kinematio similarity in model and
prototype should bo stressed. Tests of a

turbine model in an open fiume, for

example, may give misleading results

when applied to a prototype with pen-

stook, spiral casing and draft tube, full

similarity not being achieved.

Xumerous formulas have been sug-

gested for the purposo of stepping up the

performance of a turbine model to the

prototype. A survey of seventeen of

the.se is presented by Dr. S. P.

Hutton," Chief of the Fluid Alechanics

Division of The Alechanical Engineer-

ing Research Laboratory at East
Kilbride, Scotland.

These may be placed in three groups:

those in which ali losses in the turbine

are assumed to behave like friotion

losses, secondly, those in which the

losi?es are dividod into frictional and
kinetic oomponents, and thirdly purely

empirical formulas. Reference will be
made to only a fow of these that are in

common use although several others are

not without merit. Those of Camerer,

Staufer and Moody (1935) are in the

first of the three groups. Akerefs

formula, in oommon use in Franco and

to a lessor degree in America, is in the

seoond group and the various Moody
formulas, with the exception of the

one montionod above, are empirical

and th(>rofore in the third group.

Mood,\' in his first formula dividod

tho lossos into frictional and kinetic

parts but found that for practical

purposes it could be used in the simplor

form proposed later. A later Moody
formula included the effect of head.

However, Moody explained at a later

dato that the exponent of the head

terra was uncertain and the head term

thorofore, should be omittod.

The Moody formula of 1942 is the

one now in general use and is:

(1 - E ) _ ly

(1 - E')
~ D

where

E is ofíiciency expressed as a ratio

D is diameter of turbino runner

E' and D' are corresponding terms for

the model
The Ackeret formula somewhat sim-

l^lified to eliminate new symbols is

:

^^-^- = 0.0+0.0 --

in which R is the turbine Revnolds
numbor

R = V2gH D

V
V = kinematio viscosity

It soems to be the general consensus

that the Moody formula gives an

estimate of the efficienoy of the proto-

type that is too high and tho Ackeret

formula too low at optimum oondi-

tions of operation. It is the practice of

several turbine builders to use the

averages of these two formulas in their

estimate of the step up from Model to

prototype." From an analysis of the

nature of the losses, Dr. Hutton con-

cludos that, at optimum efficiency,

about 70% of tho lossos are frictional

and 30% kinetic. Thus the Reynold's

numbor correction should be applied to

70% of the losses and he submits a new
formula fòr Kaplan Turbines which is :

i-E „ . ^- ^y"
R

0.3 + 0.7
1 - E

Applying this and the other two
formulas to a few specifio cases he finds

that the new formula agrees with the

avorage of the Moody and Ackeret

formulas very well at optimum condi-

tions and for lesser flows than those at

optimum conditions but that at larger

ffows tho results are not as satisfactory.

Dr. Hutton in his analysis is doaling

with Kaplan turbines and says that it

"is asking a lot for one scale formula to

be applicable to both Francis and
Kaplan Turbines, bocause the distribu-

tion of tho losses in tho two casos ma\'

bo cjuito different." In so far as tho

Francis Turbine is concerned thorofore

one must have reservations regarding

the accuracy of the results for the

prototype derived from tests of a model
by any of the step-up formulas. The
most widely accepted formulas for this

purposo at the present time appear to be

the Moody formulas in the form given

abo^^e, the Ackeret formula or the

average of the results from them.

The author is not prepared to accept

the test of a model runner, with adjust-

ment of results for dimensions. head

etc, as a satisfactory substituto for a

field test of the prototype. His reasons

are as follows:

(a) The model must have exact

geometric similarity to the prototype.

This is usualh- attainable in the Kaplan
and fixed blade propellor runner but

very diffioult with the Francis rurmer.

(b) Dj'namic and kinematio similarity

must be attained. This would require a

complete installation of model runner,

penstock, scrollcase and draft tube

something not always readily arranged

within the limitations of the laboratory.

(c) There is no step-up formula based

on model results that can be relied upon
to give exact results at ali points for

the prototype.

(d) [Nleasurements of water quantities

by laboratory mothods (Weirs, \'enturi

meters, etc.) are subject to as great or

greater errors as field mothods suoh as

the AUen Salt Yelocity and Gibson

:\Iethods.

(e) Measuroment of power output in

the laborator\^ is, he considers, subject

to greater errors than measuroment of

power output in the field where the

generator is used as the brake.

(f) The various secondary results

from a field test. usoful in plaut opora-

tion, would not be availablo.

Tesl Codes

Almost ali countries in which the

manufacturo of hydraulic turbino oquip-

mont or its application aro of import-

ance have codes govorning the condi-

tions under which tests of hydraulic

turbine installations must be made.

Among those might bo montionod tho

Swiss, French, Swedish, Italian and

American codes. While those aro in

general agreemont as to acceptaolo

prooeduro for tosts, greater uniformit>-

is dosirablo. This has bocomo of groator

importance as turbine manufacturors

from diíTerent countries compete for

contracts in international trado. Mani-

fostl>' it is of importance that ali should

be roquirod to conform to tho s;\mo

conditions.

AMiilo their primar\- purposo is to

defino aocoptable standards for tosts

thoy ofton go far boxond this in sug-

gesting to the test onginoor mothods of

(Coutinucd on page 80)
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BUSINESS TRAINING

FOR PROFESSIONAL ENGINEERS^

R. J. Bedard, former editor

of "Genie Construction".

SHOULD engineering schools give

their students more training in

industrial organization and manage-
nient, personnel and labor relations,

law, and other subjects generally asso-

eiated with business administration?

The replies to this question are far

from unanimous. Some educators and
nianagers argue that the function of

an engineering school is to teach en-

gineering. They maintain that industry

is the best place to learn about busi-

ness administration; furthermore, that

the pressures on the curricula are such

that nothing can be dropped, they

say, in order to add more business

training in the engineers curriculum.

To this, many people in education

and in management reply that the

practice of management is eventually

part and parcel of the career of a

Professional engineer; consequently,

they maintain, he should be ade-

quately prepared to shoulder these

responsibilities.

There is much evidence that en-

gineers are not happy with the

training they have received (or not

received) in matters pertaining to in-

dustrial management. The survey

made by the Corporation of Pro-

fessional Engineers of Quebec last

year has brought this fact into sharp

focus. As shown in Table I, less than

one half the engineers, and in some
cases, less than one quarter, are satis-

fied with their training in politicai

economy, industrial organization, law,

personnel administration, etc-

Should engineering schools give

their students more training in busi-

ness administration? This is no simple

question, especially if we keep in

mind the pulling and hauling of en-

gineering curricula over the past two

decades. The reforms urged recently

have suggested that:

1) Engineers should spend a maxi-

mum amount of time on the study of

the basic principies of physics, chem-

istry and mathematics;

2) Engineers should be educated as

well as trained. In order to give en-

gineering students an education, it

has been proposed that they spend

at least 20% of their class time on

the study of the liberal arts. Needless

to say, business subject-matters are

not considered to be parts of the

"humanistic-social stem" of engineer-

ing curricula;

3) Engineers should be "broader,"

but at the same time the standards

of Professional competence must be

maintained if not raised. Nobody
vvants "the bridges to collapse, the

light to fail, the water to become
polluted nor the oysters to become
radio-active."

Engineering schools cannot be ali

things to ali meu. Choices must be
made. To determine what things are

the more important, possibly we
should tiy to find out the career pat-

terns of professional engineers.

A survey made by Purdue Univer-

sity among 85 large emplo>ers who
had a total of 75,565 professional

engineers on their payrolls has shown
that 41.9% were concerned with re-

search and development, 30.4% were
in the actual operation of the business

and 27.7% were mostly busy with
some human relations aspect of

industry.

John B. Rae studied closely the

careers of M.I.T. graduates and he
found that "nearly half the alumni
of M.I.T. have gone into business

roles other than that of professional

Table I

Rsrsonnel

Management

lOO

o
O

»
e

e
V
E

O

Before 1926 1927-36 1937-41 1942-46 1947-51 1952-56
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tMiiíinoering."^ thought his find-

iiigs wort- a íair loprcscntation of

fiigiiRHTs" caietns ali ovor the United

Statos.

The fact that a large number of

fiigiiíeers turn manageis is in no way
exclusi\e to the U.S.A. In Geiniany,

36T of tlio 2,018 giaduate executives

li.>;tod in the diroctor\' of directors

callod 'Adres.shiich der Diiektoien

uiid Autsichtsiiite" hold engineeiing

degrees.'*

According to the 1957 Snrvey of

the C.P.E.Q., about 65% of the mem-
bers aie eniplo\'ed in executive and
siiper\isor\- capacities. These figures

gi\ e a good idea of the career pattern

of the Professional engineer ín Can-
ada, the United States and Germany.

Engineering schools are making
e\-ery possible effort to give their

studcnts the kind of education that

will enable them to develop their

personal abilities to the limit and at

the same time to serve the community
as professionals in the best possible

way.

The prime concern of the engineer-

ing graduate it is expected, will be
technology. His curriculum is ar-

ranged accordingly. But since a large

number of engineers eventually pro-

gress into managerial jobs, it is only
fair to question what engineering
schools are doing for the graduate
whose prime function will be manage-
ment. In other words, are Canadian
universities doing an adequate job
for the engineer turned manager?

Our engineering schools generally
give their students a full course in

politicai economy. To what extent

does this course give them a better

understanding of industrial opera-
tions? It is hard to say. Occasionally,
the students are required to pick a
full course in accounting or finance
or business policy. But this is

about ali.

Some of our schools of applied
science operate an "à la carte" sys-

tem. Students often take advantage
of this to pick law, corporate finance,

industrial and labor relations, etc,
among their electives.

By any standards the business diet

of Canadian engineering graduates is

quite weak. When these boys come
into indu.stry, management must start

teaching them the very elements of

the operation of a business. This is

often frustrating for the young en-

gineer, and sometimes quite irritating

for management. The results of this

are well known: a) inadequate grovvth

for the average engineer during the

first five years of his professional

career; b) frustration and unrest

among engineers.

Possibly colleges of technology in

Canada could consider giving their

pupils a more adequate preparation

in this area.

One of our engineering schools is

already offering a Business and En-

gineering course: the School of Ap-
plied Science at the University of

Toronto. This course is the only one

of its kind in the country.

The Business and Engineering

option is open to those young men
who intend to "get a good technical

background for a career in business

management." About one fourth of

class-time is spent on the study of

administrative techniques and prob-

lems. Field work plays an important

part in the course: the program pro-

vides for a minimum of 1,200 hours

of practical experience in business or

industry as a condition for a Bach-

elor's degree.

Course IV, as it is known on

Varsity campus, is conspicuous by
the number of students it attracts

each year. On a total registration of

1,985 in 1958-59, one hundred and
forty-eight students are taking En-
gineering and Business Adminis-

tration.*»

Indeed we do not suggest for a

moment that this is the model on
which other Canadian universities

should pattern a business training

for their students. Although a truly

remarkable venture, this is not what
we consider to be the course.

Over the years, engineering schools

have made quite a few successful

experiments in the training of their

students for eventual managerial re-

sponsibilities. It may be worthwhile

for our colleges of applied science

to draw on this vast pool of experi-

ence. Two types of business training

are at present offered to engineering

students:

A) the horizontal type, that is,

business training that attempts to

develop broad understanding of ad-

ministrative problems;

B) the vertical type of training

which combines regular engineering

instruction with some courses in one
particular phase of management or

with administrative training for a

specific industry. We will now review

briefly some of the more effective

programs of both types.

The Horizontal Type
1—Massachusetts Institiite of Tech-

nology a) At M.I.T. the undergrad-

uate course has a duration of four

years. The first year is common to

ali sections. Then the students make
a choice of one section among thirty-

four.

Sections XVA and XVB (Business

and Engineering Administration) offer

the students a solid grounding in both

engineering and management. The
programs of Course XVA and Course

X\'B are made up of about 50% of

technical subject matters (physics,

chemistry, maths., drawing, surve>dng,

etc.) and of about 50% of non-technical

subject matters ("humanities") and a

wide variety of electives related to

business administration.

These courses were started in 1914
and ever since have been very popular-

with Technology students. About 12^

of the degrees awarded by M.I.T.

since 1920 have been given to people

who have picked Business and
Engineering Administration courses.

During the year 1956-57, a total of

281 students out of a total of 3,656

were registered in these courses.

b) Recent coUege graduates who
have majored in some fieids of en-

gineering or natural science can take

post-graduate instruction at M.I.T.'s

Gradúate School of Industrial Man-
agement.

The School offers young engineers

of outstanding abiht\' a two-year

course that entitles them to the Mas-

ter's degree of Science in Industrial

Management.

The purposes of the School are:

1) to assist young men to fit them-

selves for positions of future business

leadership; 2) to study and report on

means of increasing the effecti\eness

of industrial management. "The

School is firmly committed to the

objective of providing a solid foun-

dation for general management. Stu-

dents do not concentrate in narrow

fieids; they don't study skills that can

be learned as well or better on the

job. Instead, the School concentrates

its attention on those áreas where
learning by practical experience is

most difficult."

The foundation subjects studied in

the first >ear fali into four categories:

a) those dealing with the environ-

ment in which management operates;

b) those focusing on the human as-

pects of administration; c) those de-

voted to acquiring familiarit>- with

the tools of management (stati.stics,

accounting. etc); d) those represent-

ing preliminar}' explorations of man-
agement functions (production, fin-

ance, etc. . . .).

The sccond->"ear cunicuhmi in-
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Table II

Occupational Pattern of 75,565 Engineers

lotai

(A)
New IJevelopments

(B)
Operations

(C)
Humaii Relations

B.Sc, B.Eng. 26,541
83.8%

20,058
95.9%

19,489

93.3%
68,086
90.1%

M.Sc, M.Eng. 4,119
13.0%

895
3.9%

1,346

6.4%
6,360
8.4%

J).Sc., D.Eng. 1,016
3.2%

42
0.2%

61

0.29%
1,119

1.5%

31,696
41.9%

22,993
30.4%

20,896
27.7%

75,565
100%

NEW DEVELOPMENTS: Those who deal primarily with new techniques, ideas or

products. This includes research, devclopment, design.

OPERATIONS: Tho.se whose primary function is the operation of e.xisting

plants or designs. This would include production, operation,

service.

HUMAN RELATIONS: Those who deal principally with the human aspect of

technology. This would inchide production supervision,

sales, personnel administration, etc.

eludes eight one-semester advanced

subjects plus a thesis. Each student

picks hís own courses; they are

generally broadly distributed.

c) The Executive Development
Program was inaugurated in 1931 by

Prof. Irwin Schell with six students.

Since then the E.D.P. has expanded

steadily. The Sloan Fellows — a.s

they are known on M.I.T. campus
— are young men with ten years

or more of successful engineering

e.xperience in industry. They are

selected on the basis of their promise

of growth into major executive re-

sponsibilities. Eighteen students are

selected among candidates nominated
by the top management of a sizeable

Mumber of firms, large and small,

trem ali over the United States and
íioni abroad as well.

These young executives spend
twelve months at M.I.T. to study in

depth the fundamentais that underlie

sound management action. Residence
111 Boston area is compulsory. Since

1953-54, more financial assistance on
tl)e part of the Alfred P. Sloan Foun-
dation has enabled M.I.T. to have
each year two such groups of

eighteen young executives.

During the E.D.P., the Sloan

fellows experience a widening of

liorizons and a deepening of under-

standing of the environment of in-

dustry. When they return to their

companies they know more tho-

loughly how the demands of produc-
tion, personnel, marketing, financial

control, ali fit into a total operation."^

Tabl*» III illustrates the makeup of

the Program.

2—Carnegie Institute of Technology
— A six-million-dollar grant by the

Mellon Foundation enabled C.I.T. to

create the Graduate School of In-

dustrial Administration in 1949.

Since October 1952, the School

presents four different programs for

the training of engineers in business

management.

a) The Master's program. For the

students who have had training in

engineering or science and who have
potential for future industrial leader-

ship. The average age of the students

is 28. Nearly ali of them have had
two or more years of actual experi-

ence in industry. The annual intake

of students is limited to thirty.

The program is two years in dura-

tion. During the first year they study
the fundamental principies of mar-
keting, production, personnel, labor

relations and finance. The required
courses of the second year focus on

the formation and integration of poli-

cies, integrating the several aspects

of management studied during the

first two terms, and relating the for-

mation of business policies to the

changing world in which modern
business e.xists. Elective courses pro-

vide advanced training for each stu-

dent in the aiea of management in

which he is particularly interested.

b) Carnegie "Tech" offers an en-

gineering course that enables the

student to get a B.Appl.Sc. degree in

four years; we have just seen that

C.I.T. is also offering a two-year

program leading to the Master's de-

gree in Industrial Administration.

The College of Engineering and
the School of Industrial Administra-

tion have started a special program
whereby students of outstanding

ability may combine the undergrad-

uate degree with the Masters degree

in a total of five academic years.

c) In order to train scholars for

teaching and research, C.I.T. has

inaugurated two doctoral programs

related to business management. One
is known as the Ph.D. program in

Industrial Administration, the other,

the Ph.D. program in Industrial

Economics. These two doctoral pro-

grams do not accept more than ten

new students each per year.

d) The Program for Executives is

intended for mature business adminis-

trators already holding positions of

responsibility in industry. The special

nine-week programs offered by the

School each Spring are intended to

provide an opportrmity for these

executives to study policy formation

at the top executive levei.

3—Federal Institute of Technology,

Zttrich — The Federal Institute of

Technology started a program of

study in administrativo techniques

and industrial organization (Betrieb-

swissenschaften und Fabrikorganiza-

tion) in 1936. This course is an

adjunct to course HIA (mechanical

engineering) and IIIB (electrical en-

gineering). During the first five terms

ali the students take the same basic

instruction. Then they select a field

of study of special interest to them:

many students major in engineering

administration.

Previous business experience plays

a prominent role in these programs.

Students must have had at least one
year of experience in industry before

they are accepted. During their school

years they must spend several months
in various field work assignments and
then write up reports about their

observations.

In 1929 Federal "Tech" created a

Betriebswissenschaftliches Institut (In-

stitute for Management Research)

whose functions are research and the

training of administrative engineers.

This course is an outstanding example
of how business and engineering in-

struction can be blended together in

a highly integrated course. Table
IV gives the analysis of the program.

The Vertical Type
1—Stanford's Civil Engineering —
Construction Management Program—
Every year more civil engineering

graduates go to work for contractors

and construction fiiins. Stanford Uní-
versity thought it seemed appropriate

THE ENGINEERING JOURNAL—NOVEMBER, 1959 jj



to offer coiirses leading to tho Master

of Scioiíce in Ci\il Eiiiíiiiefring-

Constniction.

Stantoi d s gradua te coiisti iiction

managemeut progiain actiially began
se\eral \ears ago. Piof. J. Fisli, former

liead of Ci\ il Eiigineering, was aware
that inaii\- civil engineers gravitatcd

or wcMo forced into administrative

work. It was appaicMit that these men
wtMt' hadl\- haiidicapped hfcause they

had no background whatsoever in

finance, accounting, personnel, law,

and other subjects with which they,

as adniinistrators, had to deal. These
lessons liad to bc learned after the

men became managers. It was to fill

these gaps that prof. Grant developed

a graduate program in civil engineer-

ing-administration. It combines ad-

vanced work in technical subjects

with administrative courses offered

either by the Engineering School or

the Graduate School of Business or

the Law School or other departments

of the University. A sizeable number
of graduate students have now com-
pleted this program, while many
others have taken some of the courses

offered.

The masters program requires 45
or more quarter units which include:

1) a core of mandatory graduate con-

struction and business courses: Con-

struction Administration, Advanced
Construction Equipment and Meth-
ods, Special Construction Problems,

Advanced Engineering Economy, De-
preciation of Plant and Equipment.

2) Two required courses in advanced
civil engineering: Advanced Founda-

tions Design and Harbor Structures.

3) Elective courses in business and

industrial engineering. 4) Elective

courses in advanced civil engineering.

Contractors of the San Francisco

area have shown much ínterest in

this course. Conversely, the alumni

Table III

The Executive Development Program for Sloan Fellows

PRELIMINARY SURVEY ANALYSIS IX DEPTH

Jiiiu' 1957 June 1958

SUMMER TERM FALL TERM SPRIXG TERIM

•Tl

I—

I

CO

Management Series

Accounting

Production

Industrial Management Seminars

Meetings with Guests
from Industrv and Labor

Group Discussions

Management Series

Production Marketing
Policry

1-3 Economics and Finance Series

Economics .Series

Price Determiiiation

a
h-

1

>
<A
a

National Incomc '

H
2;Money and h

Banking g
a

Fiscal Policy International Trade

Labor Series

Labor Relations and Public Policv

o
H
O
I—

I

w
<

K
a

o

Industrial Management Seminars

Meeting.s with Guests
From Industrv and Labor

Group Discussions

Economics and Finance Series

Corporate Finance

Corporate
Tax Problems

Problems
of Sizes of

Business

Comparison of

Economia Systems
<

<

Principies of

( )rganization
Problems in

Administrative
Policy

Labor Series

Per.sonnel Admini.stration

^ Problems in lluman Helations
<
m

CL,

<
x
a
O
a
<
H
a

Pi
a
>

Laboratory in Executive Behavior ^

Management Philosophy
•02

Social Science

Group Relations

>

<

Social Science Series

Structure of

American Law
Industrial

History

K 3

Current Problems in U.S. Foreign Policy Z
^

Current Management Problems
Ĉ-i

Z
a
O!
a

Tbesis

Labor Economics ír' Technical Seminars
Guest Scientists

Local Plant and Management Visits Technical Seminars

Thesis

"Executive Development Program 1957-1058", the School of Industrial Managemt

Local Plant and Management \ isits

nt, M.I.T., p.8-9.
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ENCINEERINC ADM IN I S TRAT ION COURSE CBET R lEBSINCEN IFURWESEN)

Federal Inifitute of Technology, Zurich

ioo%c

Isf 2nd__ 3rd 4 th 5th

Engineering practice

òth 7th

(design, mechanicol

construction)

Sociology ond

Psychology

Production

Engineering

Sth Terms

Physics ond

chemistry

Ecooomics and theory

^^^^ of the firm

Patent law labour

law and civil

procedu re

Mechanics

Management science

C Betriebswisienschaften)

Mathematics

Cl) 'E idgenõssische Technische Hochschule 1855 1955, Buchverlog der neuen Zjrzher Zeitung,

Zurich, 1955, p. 349

Table IV

of the Stanford Civil Engineeiing-

I
Construction Management Program

' have proven their worth in the con-

' struction industry.

. 2—Industrial Relations at "Caltech."

— Califórnia Institute of Technology

gives engineering students who so

I desire a solid background in indus-

j trial and labor relations. The Dept.

i
of Industrial Relations was opened at

"Caltech." in 1939. Its growth has

been phenomenal. The numerous pub-

j

lications of the Department are known
throughout the free workl.

In the Section of Industrial Rela-

tions as in ali the other departments

of the Institute, research by the staff

is a major ingredient of good teach-

ing. Many students take advantage

of this high-grade teaching to get

acquainted with the personnel and
industrial relations problems of a

technology-inclined society.

During 1955-56, one hundred and
I twenty-five students regularly attend-

ed classes in labor economics. As'

a further contributíon to the develop-

ment of professional engineers ínto

managers, the Dept. of Industrial

Relations is offering Ca]Tech's alumni
seminars and refresher courses deal-

ing with labor relations, personnel

selection, and recently, with the man-
agement of scientific research.

3

—

Industrial Engineering at Cornell
— Industrial engineering means dif-

ferent things to different people.

Quite a few American and foreign

uníversities give instructíon in in-

dustrial engineering. The Depart-

ment of Industrial and Engineering

Administration of Corneirs School of

Mechanical Engineering gives a most
interesting and most effective pro-

gram.

"The Cornell Plan is based upon
first developing a sound mechanical
engineering program and then ínte-

grating with this the necessary busi-

ness management principies and
techniques. A student cannot become
a good industrial engineer or adminis-

trator unless he is first a good en-

gineer in the true sense of the word.
Thus industrial engineering at Cornell

is not approached through a general

business course with a smattering of

engineering or science courses, but

rather from a thorough grounding in

engineering."**

It should be noted here that Cor-

nell is one of the few engineering

colleges of the United States to have
adopted a five-year course across the

board. The Industrial Engineering

course concentrates on fundamental

concepts rather than on techniques.

Its strength lies in the sequence of

the subject matters as well as in

their integration with the other en-

gineering subjects.

4—British Engineering Schools offer

courses geared to the needs of many
different audiences — The Dept. of

Management Studies of the Poly-

technic, London, and the School of

Industrial Administration of the Man-
chester College of Science and Tech-

nology, offer a wide variety of courses

to engineering and non-engineering

personnel.

The latter, for instance, repeats

each year no less than seventeen

different programs. Space limitations

will not allow us to study in detail

every one of these programs. A part-

time day course and one evening

course have been arranged with the

co-operation of the Institution of

Mechanical Engineers. The "Adminis-

tration for Chemist" course has also

been opened to give chemical en-

gineers an opportunity to become'

more familiar with management prob-

lems.

Among the many other programs
by Manchester College of Science and
Technology, let us mention "Adminis-

tration for Works Managers," "Dis-

cussion Groups for Foremen," "Cer-

tificate Course in Foremanship."

By so doing, the British colleges

of applied science perform a most
valuable function in the commimity.
They also serve the engineering pro-

fession in a most useful way.

We have found in the first part

of this study that more business

training is a must for the professional

engineer. This, we have seen, is

necessary in order to enable him to

achieve a full measure of personal

development. The management of

private and public affairs is part of

the responsibility to society of one

half the engineers. A knowledge of

the fundamental principies of man-
agement should in some way be part

of the engineer's training.

Some colleges of technology are

training men for the management of

"men" just as well as they do for the

management of "things". In Canada,

however, this kind of instruction is

next to non-existent. As Robert

Doherty said a few years ago, "en-

gineers are literally flung into indus-

trial management and other respon-

sibilities where social and economic
elements are dominant, and they have

to learn to deal with these new re-

sponsibilities while on the job and
with no fundamental preparation such

as he has had in engineering itself."*

Then, what should Canadian en-

gineering colleges do to close the

gap?

Over the past two decades this

question has been hotly debated by
both educators and managers. i'' No
final answer has yet been found.

To find out in what direction our

engineering colleges should move
about management ti"aining, more
research is needed. Possibly our en-

gineering societies should get together

with engineering faculties for a
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tlioioiigh ro-oxainiiKitiou oí Úw pvoh-

lems invohed in management educa-

tion hy engiiu-eiing schools.

At the uiultM-gnuluatc lc\rl, it is

cl.Mihíful whetlu-r iMigineiMiug schools

woiild soi\e u usctul puiposc in droji-

jiing fundamental sciontific courscs in

ordor to include more business

siibject-matteis. In my opinion, a

more effective use of the time aheady
alloled to business topics could give

undeigraduates a better basis upon
which to build a career in manage-
ment.

Canadian enginceis should have

more opportunities for grachiatc icoik

in business administration. Careful

eonsideration should be given to the

necessit\- of creating four departments

of management stiidies in some of

our leading engineering schools, one
i'i the Maritinies, one in French Can-
ada, one in Ontário and one in West-
ern Canada.

\\'hat t>pe of training should be
offered? This is a question each
school should answer for itself. One
thins is sure — the instruction given

by the schools of commerce generally

does not fit the needs of the pro-

fessional engineer.

Post-university studies

In order to train the managers they

need, many firms have become edu-

cational organizations as well as busi-

ness enterprises. Personnel develop-

ment programs have been arranged

both inside and outsíde business.

These programs are íntended to en-

able their participants to take over

managerial responsibilities. Many en-

gineers have taken these courses

which have proven very profitable to

them. These management develop-

ment programs have a big shortcom-

ing however: "Too little and too late,"

to quote Colonel Urwick.

Management training is most effec-

tive when the young man has been
practising his career about five years

and has tackled business problems.

He is not yet overloaded with busi-

ness or family responsibilities. He has

time left to think and to study.

Engineering schools would perform
a most useful service for their alumni
if they gave them post-university

management courses adapted to their

needs and previous training.

Some may challenge these views.

This article intends to turn the spot-

light on the problems of the engineer

turned manager. The hope is that

people will start thinking about what
can be done to give the professional

engineer more opportunities to attain

ever higher standards of leadership.
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procedure and instrumentation not

readily found elsewhere.

There is nearing completion at the

present time an International Test

Code, the product of Technical Com-
mittee 4 of The International Electro-

technical Commission. This, it is hoped,

will have general acceptance when
completed. At the last meeting of this

committee held in Zurich, Switzerland

in Octobcr 1957 forty-two delegates

(three from Canada) were present re-

prcsenting thirteen different countries,

a meeting characterized by a most
gratifying spirit of co-operation. The
products of the labours of earlier

plenary sessions and of some eight sub-

committees are now in the hands of an

editorial committee which will prob-

ably report at a meeting to be held in

July of this year.
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revised the part of the text dealing with

the Allen Salt Velocity Method and
supplied other information.

Material available from work with
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of Electricite de France and Mr.
Picrre Misson of Neyrpic, Grenoble,

France supplied data regarding the

Thermometric Method.
Data on ccrtain model tosts and

rclated niatters were made available

by Dr. H. S. Van Potter and Mr. R. S.

Sproule of the Dominion Engineering

Company, Montreal.

Dr. S." P. Hutton of The Mechanical
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Engineering Research Laboratorv, East

Kilbride, Scotland supplied material on
comparative measurements of water

quantities.

Discussions with Prof. Hans Gerber

of Zurich, Switzerland and Prof. G.

Hutarew of Stuttgart, Germany have

been of great value.

Data have also been made available

b}^ former associates of the author at
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Aeberli, J. B. Bryce and R. A. Walker.
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INSTRUMENTATION
IN INDUSTRY

No. 11

of a Series

The Textile Industry

THE TYPES of plant coveied in a

survey, by questionnaire, of the

textile industry in Canada varied quite

considerably. The range ran from
the manufacturar of surgical dress-

iiigs through cotton mills and other

hibrics manufacturing, to producers
of industrial fabrics such as felts and
insulating material.

The types of instrument used also

\ ary with the nature of the industry

to some extent, but spinning, weav-
ing, and similar processes are gen-
erally high-speed mechanical opera-
tions that lend themselves to auto-

niatic control of such variables as

speed, tension, material feed, etc.

Most replies indicated the use of
nieasuring, counting, and recording
Instruments in this field.

Textile finishing (in some cases),

bleaching, and dyeing involve liquicí-

phase and chemical processes. These
require liquid-level controls, temper-
ature and, sometimes, pressure record-
ers and controls. Spray conditioning
machines may incorporate electrical

control of spray adjustment, accord-
ing to operating conditions. Squeeze
rolls, for calendering or liquid re-

moval from fabrics, may be controlled
automatically or manually for roll

pressure via hydraulic or electrical

systems.

Power Supply

Most textile plants purchase power
from outside suppliers, and a slight

majority check supply with their own

instruments. Some manufacturers stock of spare parts for instruments

have their own steam plants, some do
not, according to the need for pro-

cess steam in the company's opera-

tions.

Who Determines
Instrument Requirements?

Nearly ali replies stated that instru-

ment requirements are determined by
company staff. Specification and rec-

ommendation of instruments for pur-

chase is generally the responsibility

of the engineering, plant or, in a few
cases, maintenance department. These
departments are also concerned with

the choice of supplier, occasionally

in co-operation with the purchasing

department.

Servicing of Instruments

The servicing of instruments appears

to be about equally divided between
the plants' own staff and contract

work by instrument suppliers. This

is understandable, since investment in

instruments in some types of plant is

only a small part of the total capital

cost of mechanical equipment, and
does not warrant the full-time services

of an instrument maintenance staff.

Rather more than half the plants

replying to the questionnaire use

some form of preventive maintenance
system for their instruments.

Spare Parts Practice

The general practice in keeping a

is to build up an inventory based on

operating experience.

Instrument Specifications

Ali plants use mainly standard lines

of instruments, but there are also a

few cases of the development of spe-

cial types to the manufacturer's own
specifications.

Ali replies stated that instruments

are purchased outright.

Capital Investment

Only a small proportion of replies

attempted to give a breakdown of

capital investment in instruments and

their maintenance costs.

Capital investment varied from less

than $5,000 to the $25,000 to $100,-

000 range. Annual maintenance costs

appear to be comparatively low, prob-

ably of the order of 5 per cent of

instrument investment or considerably

less.

Where the use of instruments leads

to savings in labour, improvements in

quality, etc, the period for recovery

of initial investment ranged from as

little as one year to as much as nine

years.

Gross investment in instruments

in the textile industry, and the pro-

portion of capital investment it repre-

sents within the industry, is low com-

pared with such operations as the

electrical power, petroleum and other

processing industries.

IN THE DECEMBER ISSUE

INSTRUMENTATION
IN

BUSINESS AND INSTITUTIONAL BUILDINGS
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Canadian Developments
A comparison of curricula, scholarship programs and research

projccts in the Canadian universities of 1959 suggests most decidedly

that training engineers for the atomic, space-conscious cpoch ahead

presents a challenge.

Many questions are unsettled. Shoiãd a grounding in the humanities

{called a ''Júnior Matricidation'' by many engineering faculties)

precede the highly concentrated technical training which modem
technology requires? Or shoidd the engineer become a highly qualified

specialist in thefirst three or four years of university and round out his

training with elective courses in contingent humanity subjects? How
important to him are business administration and economics? Isnt

training in use of the English langiiage essential to him^

For US whose work it is to compile

engineiing information, communica-
tion itself is of first importance. This

is quite properly not of equal interest

to the Professional engineer, but his

concern with it is a measure of his

breadth of outlook. Almost ali Ca-

nadian universities include at least

one year of English in the engineering

degree requirements. Some, such as

the University of New Brunswick,

require two. Electives in the final

year in certain cases allow for the

possibility of a second year of English

training.

Many of the engineering faculties

consider a course in business adminis-

tration (variously called "industrial

management," "business íínance,"

etc.) imperative for the fourth year

student, but others do not include

such a course even among their

electives.

Courses in art and history seem

to be making their way into engi-

neering curricula, though they remain

in the "elective" bracket in most
universities. This whole movement
toward liberaliziíig the engineering

program appears the more revo-

lutionary when one considers that

humanities programs still have veiy

limited science requirements. Perhaps

the engineering faculties will pilot a

move by other faculties to give

students of the '60s a more truly

liberal educa tion.

Enrolment Diop

Registration in fírst year engineer-

ing at the University of Manitoba

has fallen off one thiid from last

year. Last year 314 students began
the four-year course, while onl\" 217
have enrolled this year. Dean A. E.

Macdonald accounted for tlie drop

b\' various factors—among them stiffer

requirements in tlie facult>- (raising

the minimum a\'erage mark from 50
to 55 per cent) and the fact that

thousands of engineers weve left

jobless when the Arrow was gi\'en up.

University President H. H. Saunder-

son blamed the 1957-58 economic

slowdowi for a slight nation\\ide

drop in engineering registration. He
pointed out that the situation is

improving—that placing graduates in

jobs has been easier this vear than

in 1958.

The new Engineering Science Building at íhe University of Westem Ontário will provide facilities for courses in cliemical,

civil, electrical and mechanical engineering. Built at a cost of $1.33 per cu. ft., it contains 110 places for drafting. 125 places

in "problem rooms", 300 seats in lecture rooms, and 50 places in reading rooms. The 900,000 cu. ft. structure, officially dedi-

cated on October 29, is in stone and has a Queenstone limestone base.
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University of Waterloo's

Cooperative Course

Two years ago a partnership be-

tween industry and education was
established when the first 74 students

enroUed in the new cooperative engi-

neering course at the University of

Waterloo.

This year the total enrolment has

come close to the 700 mark and more
than 200 companies, representing

almost every industry in Canada, are

registered with the university to pro-

vide off-campus jobs related to

engineering.

Classrooms and laboratories are

open the year round at Waterloo

with half the student body always

on campus. Students attend regular

classes for three months and then

go to assigned jobs in industry to get

practical experience for the next

three. Although most of the co-

operating industries are located in

Southern Ontário, students are placed

in companies as far away as Regina.

The university's course has been

designed in part to attract qualiíied

students who might not othenvise

attend university. Because teaching

facilities are in operation 12 months
of the year, tuition costs are lower

than for the traditional course. By
working six months of the year,

students are able to save from one-

half to three-quarters of their tuition

and living costs while at Waterloo.

Many of the students are former

McMaster curriculum stresses design aspeets of engineering and students are

required to conduct original research work in their final year. Here engineering
students are setting up an experiment usíng the wind tunnel in McMaster University's

new $3'/2 million engineering building.

full-time employees of co-operating

companies who have been encouraged
by their fimis to study for an engi-

neering degree.

Few Show Interest in

Toronto Nuclear Course
The $25, 50-lecture course in

nuclear engineering being run this

term at the University of Toronto

has attracted only seven students.

Shell Merit Fellowship winners frora Quebec and Maritime high schools
examine a vacuum induction melting and casting unit at Cornell University 's School
of Chemical and Metallurgical Engineering. The Shell Merit Fellowship six-week
seminar at Cornell, sponsored by Shell Oil Co. of Canada Ltd., is designed to help
outstanding teachers of high school physics, chemistry and mathematics to keep
up with new developments in their fields and with advances in teaching techniques.

A similar course for teachers in Western Canada is held at Stanford University.

The course is intended to outline

nuclear energy problems for company
executives and technical staff already

equipped with an engineering or

physics degree. Industrial firms that

have not yet contracted to do

atomic work apparently feel that they

do not want to train executives and

technicians at this time.

Saskatchewan Introduces

Postgraduate Program

Dr. Arthur Portar, dean of the

faculty of engineering at the Uni-

versity of Saskatchewan, íinds that a

four-year course in engineering is now
quite inadequate for training top-

grade engineers. A program of

honours and post-graduate courses

has been instituted at the university

this Fali.

The high-speed digital computer

is just one of the recent developments

which will have a gargantuan effect

upon industrial operations. According

to Dr. Porter, medicai electronics,

mechanics, information processing and
operational research are the fields in

which the engineer must get the

most advanced instmction. He also

maintains tliat todays engineering

faculties must accommodate a wide
range of ability in their students. At
Saskatchewan he has introduced

honours courses in chemical engineer-

ing, engineering ph\sics and geolog-

ical engineering, with the hope that

in another two years still more ad-

vanced courses may be added to

the curriculum.

The new research work begun at
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S.iskalchewan has spocial boaring on

tlu' provinces engineeiing deniands.

Extensive study into materiais han-

tlliiig, with special rofeionce to agri-

caltnie aiul tlio mining and pioces-

sing oí ore hodios. is ono of the most

iinportaiit rosoaich ficlds in tlie uni-

versitN S 1959-(i() piogiain.

Elsscx College Also Introduces

Craduate Courses

Essox College, Assuniption Uni-

versitx ol \\'indsor, Ontário, has

ainiouiuod a series of new post-

graduate courses whicli will lead to

an M.A.Sc, degree. The program is

planned to accommodate graduate

engineers residing within a 50-mile

radius. Not more than four, not fewer

th.m two courses must be taken per

>"ear according to the new scheme.

Each course will be offered in a two-

hour period one evening a week dur-

ing the academic year. The fees for

instruction have been set at $100 per

course.

Graduate Work in 1958-59 Term
The following data on graduate

students in engineering was pub-
Jished in December, 1958, by the

Division of Administration and
Avvards of NRC:

Alberta

chemical and petroleum 23
civil 32
electrical 4
mining and metallurgy 6

British Columbia

community planning 8
chemical 10
civil 16
electrical 16
mechanical 4
mining and metallurgy 17

Lavai

chemical 1

electrical 7
mechanical 4
mining and metallurgy 4
civil 4

Manitoba

community planning 1

civil y
electrical 12
mechanical 3

McGill

community planning 2
chemical 10
civil 13
electrical 1

mechanical 19
metallurgy 6
mining 2

Montreal (Ecole Polytechnique)

civil 8

chemical 1

electrical 1

geological 1

mechanical 14

metallurgy 4

mining 1

New Brunswick

electrical : 2

mechanical 2

Nova Scotia

chemical 2

civil 5

electrical 1

metallurgy 1

Ottawa
chemical 3

Queens
chemical 3

civil 19

electrical 7
mechanical 10

metallurgy 2

Saskatchewan

chemical 5

civil 1

electrical 5

mechanical 4

In many provinces the provincial

government provides bursaries for

high-ranking students irrespective of

their field of academic pursuit. The
federal government also offers bur-

saries and grants for study and
research, but the bulk of these go
to graduate students. The greatesl

single source of scholarship help to

Canadian university students comes
from industry.

International Nickel Awards Fellowships
Ten post-graduate fellowships have

recently been awarded Canadian
students in metallurgy, analytical

chemistry, geology, physics and
mathematics as part of the company's
$2,860,000 five-year program to aid

higher education in Canada. These
fellowships have a maximum tenure

of three years and provide an annual

Toronto

aeronautical and aerophysics 31
community planning 1

civil 33
chemical 42
electrical 31
mechanical 27
metallurgy 14

University Research

Increasingly Important

Though most research projects car-

ried out in the universities are in the

hands of graduate students and pro-

fessors, thcre are signs that point to

the undergraduate's increasing in-

volvement in the experimental fields.

Civil and electrical engineering vie

for fírst place in amount of research

being done in the field. Mechanical

follows close on their heels. Uni-

versity staff is commonly involved in

government research projects with

assistance from graduate students.

Undergraduates ultimately gain from
such a program because their profes-

sors are kept abreast of the most
recent developments in their respec-

tive fields.

stipend of $2,000 witlr a supporting

grant of $.500 to the universit\'. Since

1951, thirty-seven such fellowships

have been given. Since 19.56 an ad-

ditional 11.5 four-year scholarship.s

have been established by Inco for

outstanding graduates of high schools

and preparatory schools. Eighteen of

the yearly t\\'ent>'-five are reser\ed

for students of geology, geophysics.

mining, metallurgy, engineering,

mathematics and physics.

$1000 in Bursaries

From Engineers Wi\ es

The Professional Engineers Wives
Association of Ontário presented two
first-year engineering students with

a $500 bursary each this Fali. Both
bo\'s will stud>' at the Uni\'ersit\- of

Toronto, one in civil engineering.

the other in electi-ical.

Technical Service Council P/aces Engineers
Founded to "retain for Canada

young engineers with technical and
scientific education," the Technical
Service Council has been acting since

its founding in 1927 as a go-between
for Canadian universities and indus-

tries. This involves keeping the uni-

versities infonned of industry 's recom-
mendations on engineering and
scientific courses and, in tuni, helping

industries to fill their employment

needs.

The council maintains a highK
developed ofRce system complete
with interviewing facilities, rating

techniques and cross-index sy.stenis.

Current information on emploxinent
trends, on changes in supply and
demand and on salaries is kept close

at hand. Two hundred member coni-

panies participate in this non-profit

organization.

Where Do Bursaries Come From ?
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The Early Post-

The first three years following the

undergraduate engineering or science

degree are examined in a professional

manpower bulletin issued this year by
the Department of Labour at Ottawa."
The findings may help in indicating

to what degree and how rapidly young
professionals are absorbed into em-
ployment for which their academic
training is intended to prepare and
qualify them. Some impression is also

given of the graduate's income and
geographic mobility at this stage, and
it is felt that the analysis may suggest

further profitable research in the same
field.

Employment

By 1957 almost four-fifths of the re-

spondents to the survey were em-
ployed full-time at jobs requiring a

technical and scientifíc background.
Such employment was notably higher
among engineers than among scien-

tists. In ali fields of engineering, well

over three-quarters of the graduates
had found full-time professional em-
ployment, with the single exception

of mining engineering where non-
technical, non-scientiílc employment
(in most cases supervisory positions

are indicated) was high.

The unemployment levei, while
somewhat higher for scientists than
for engineers, was, in the aggregate,

very low. Fewer than 1 per cent of

the respondents were out of jobs and
seeking work.

Approximately 5% of the graduates

had acquired non-scientific, non-

technical jobs.

The distinction between profes-

sional and non-technical and non-

scientific employment was made by

Graduate Years

the respondents themselves. Such a

distinction is to a great degree sub-

jective and arbitrary since there are

no generally accepted objective cri-

teria. Many positions lie on the bor-

derline (such as technical sales, vari-

ous supervisory and administrative

positions, technical writing and pur-

chasing, to name but a few) because
although they may require a certain

levei of technical competency it is of

a rather restricted nature. Such posi-

tions can be classified as either techni-

cal or non-technical depending on the

subjective views of the respondent

and the particular characteristics of

the job.

In most cases, the positions classi-

fied as non-technical and non-scientific

by the respondents in this sui^vey in-

cluded business partnerships or self-

employment of a non-professional

variety, and in some cases supervisory

or administrative work. This was
especially true of graduates from engi-

neering and business courses in which
about 18% classified their employment
as non-professional. A high proportion

(14%) of the agriculture graduates also

replied that a scientific and technical

background was not required in their

work; many of these were managing
their own farms, a type of work which
perhaps does not require technical

and scientific training but which
nevertheless provides an opportunity

for such knowledge to 'be used quite

Tables reproduced from Professional Man-
power Bulletin No. 5:

"EMPLOYMENT OUTLOOK FOR PRO-
FESSIONAL PERSONNEL IN SCIENTIFIC
AND TECHNICAL FIELDS 1958-1960",
Economics and Research Branch, Depart-
ment of Labour, Ottawa, February 1959,
Price 25 cents, The Queen's Printer, Ot-
tawa, Ont., Canada.

extensively. Of the mining engineer-

ing graduates, 13% were engaged in

a non-scientific, non-technical ca-

pacity involving, in the main, super-

visory work.

Work Experience

Twenty-one per cent of engineers

formed two functions in two jobs,

compared with only 7% whose func-

tions were the same in both jobs. The
same phenomenon is in evidence

among the group who held three or

more jobs during the three-year

period. The percentage values for

engineers in order of increasing num-
ber of functions are 6, lõ, and 18%.

It seems no explanation can be ad-

vanced to explain this phenomenon.

It may be due to a preference of the

employee for a different function at

the time he changes jobs or it may
reflect the employers' view that ex-

perience in one function is prerequi-

site for the employee to perform a

different function satisfactorily. But

the report notes evidence that some

general hierarchy of functions exists.

Geographic Mobility

It seems that irrespective of the

number of jobs held, there is a reluc-

tance or inability to move from the

province where the graduate lived or

studied.

Nevertheless there was movement.

By 1957 11% of the 1954 engineering

and science graduates were living in

foreign countries, one-half employed

and the other half pursuing further

*"The Early Post-graduate Years in the
Technical and Scientific Professions in

Canada": Bulletin No. 6, April 1959, Eco-
nomics and Research Branch, Department
of Labour, Canada. Price 25 cents, The
Queen's Printer, Ottawa, Ont., Canada.

Levei of Education, Year of Bachelor Craduation, and Function, 1958
Engineers

FUNCTION

Testing, Supervision, Teaching, Sales,
Levei of Education Inspection Production, Administrative, Jnstructing, Service,

and Year of Research Designing and Operation Managerial and Purchasing
Bachelor and and Laboratory and and Extension and

Graduation Number Development Draughting Services Mainlenance (1) Executive Work Marketing Consulting Other{3)

Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent
Bachelor's and
Bachelor s with
some Postgraduate
Training
Before 1918 102 0.9 3.9 1.9 19.6 47.0 2.9 5.8 15.6 1.9
1918-1927 422 2.3 5.4 1.1 10.8 54.4 2.6 7.1 10.6 4.5
1928-37 827 4.4 6.6 1.5 15.9 52.2 1.3 7.3 6.7 3.6
1938-47 1,247 4.4 7 8 1.2 18.4 47.9 0.8 8.8 7.2 3.2
1948-57.... 3,391 7.3 12.3 2.5 30.0 26.3 0.5 10.6 5.4 4.5
Function not stated 14

Master's and
Doctor's
Before 1918 5 — — — — — — — — —
1918-1927 42 11.9 4.7 — 4.7 47.6 7.1 2.3 16.6 4.7
1928-.37 84 11.9 2.3 2.3 14.2 35.7 14.2 3.5 13.0 2.3
1938-1947 144 16.6 3.4 1.3 9.0 34.7 13 8 2.7 8.3 9.7
1948-19.57 217 25.3 7.3 2.7 15.6 21.6 7.8 4.6 10.1 4.6
Function not stated 1

Total 6,496 6.8 9.6 2.0 23.2 . 36.1 1.6 9.0 6.8 4.2

(1) Indudes construction, in.stalIation, erection, field exploration, layout and location.

(2) Includes finance, accounting, hudgetary control, medicai diagnosis, treatment, personnel, industrial relations.
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stiulios. (Of tho 122 nioinbeis of the

jir.uUiatinjí dass who wcic not Can-

adian citizens in 1954, by 1957 only

16 were aniong those who left the

couutry; 65 had atíiiiirod Canadian

citizensliip and 51 were lesiding in

Canada as non-citizens. In ali, about
90'? of ali gradnates ha\ o leniained in

Canada alter obtaining their bache-

lor'.s degree.) In 1954, about 57% of

the graduates were residing in On-
tário and Quebec, 32% in the Prairie

provinces and British Columbia and

9? in the Maritime provinces. Ap-
proxiniately 2% li\ ed in the Canadian

territories or foreign countries. In

1957, 60% were li\ing and working

in Ontário and Quebec, '247c in the

Prairie provinces and British Colum-
bia and 5% in the Maritime provinces.

About 11% were residing in the Can-

adian territories or foreign countries

anti almost three-quarters of these

uere in the United States.

The gcographical distribution of

graduates in 1957 conforms quite

closeh- to the gcographical pattern of

the net product of manufacturing

establishments. In 1954, it rather

closely followed the distribution of the

total population, which is to be ex-

pected as the home address of the

students was taken into account

rather than their university location.

Remuneration

The 1954 graduating class obtained

their highest salaries in 1957 from in-

dustry (median $5,301), with those

Employment Status by Year of Bachelor Graduation, 19.58

Engineers and Scientists

Eniployiiienl Sinliis by Year of Bachelor Graduation, 1958
Engineers and Scientists

Year of Bachelor Graduation

Emplot/ment Status hy

General Field

ENGINEERS
Total in labour force

Working for an employer
full-time

Working for an employer
part-time

Self-employed full-time 36
Self-employed part-time

.

Unemployed
Total ncjt in labour force. .

Students

Housewives

.

Other
Not stated . .

SCIENTISTS
Total in labour force ....

Woiking for an employer
full-time

Working for an employer
part-time

Self-employed full-time

.

Self-employed part-time

.

Unemployed
Total not in labour force . . .

Students
Retired
Housewives
Other
Not stated

Before 1918- 1928- 1938- 1948- A
1918 27 37 47 57 Degree Total

170 610 1,156 1,779 4,352 186 8,253

110 522 1,015 1,.559 4,110 159 7,475

12 12 15 8 42 2 91

36 67 113 199 190 20 625
11 5 9 8 7 4 44
1 4 4 5 3 1 18

107 39 8 6 98 90 348— 2 94 3 99
107 oooo 7 2 1 86 241

~~ 1 1 1 ~~ 3
1 1 2 1 5

277 649 1,164 1 TO rl,7»o 4,4o0 276 8,601

.57 357 791 1,112, 2,624 o6 0,107

45 318 721 1,108 2,411 43 4,646

4 9 9 15 57 6 100
6 23 52 91 135 5 312
2 3 7 4 12 2 30

4 2 4 9 19

47 22 12 52 301 20 454
1 7 205 5 218

46 20 4 13 83
2 3 45 90 2 142

5 6 11

104 379 803 1,274 2,925 76 5,561

employed by governments receiving

12% less than in industry (median $4,-

676), and those in educational insti-

tutions receiving 25% less than in in-

dustry (median $3,945).

o lOOO 2000 KXXXCOOSOOO 600O7O00 flOOO $

MrUlHC ESClNEEÍINC

AEBONAUTiCAL B4CINEERINC

PETBOIEUM ENCINEESINC

HETALLUeCICll. ENCINEESINC

HECHtNICAI. ENCINEEDINC

CEOLOCICAL ENCINEERINC AND
CEOLOCY

ENCINEEBINC AND tUSINESS

CIVIL ENCINEttINC

VETERINAÍT SCIENCE

ELECraiCAL ENCINEEUNC

TOTAL

NON-5ClENTlf(C AND NON

-

TECHNICAL

CHEMICAL ENCINEEBINC
CHEHIÍTKY

AÍCHITECTURE

fOÍEST ENCINEEÍINC AND
fOUfSTIIT

MATMEMATICS ANO PMYSlCS

mzz^zzzzzzzzzzà

TZZZZZZZZZZZZZZZA
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\//////////A
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Median salaries in

1957 of the 1954

engineering and
science graduate.s.

There was little salar\- \'ariation

from one t\pe of industry to another.

the highest being for those in public

Utilities with a median salar\- of

$5,588 and the lowest being for those

in transportation with $4,964.

In government sei-vice, those em-
ployed by mimicipalities received the

highest median salary ($5,050) and
those in the employ of provincial gov-

ernments the lowest ($4,370).

In education, graduates emplo\ed
by .universities recei\'ed a median
salary of $4,312 while those employed
by high schools received $3,722.

Among engineers frequent change

of job was not a factor iuíluencing

salary. The highest proportion of ali

three groups of engineers, (25% of the

group with one, 30% of the group with

two, and 30% of the group w ith three

or more jobs), ali received between

$5,000 and $5,500 per annum. At no

other salary levei ha\'e significant ad-

vantages accrued to the engineer who
was willing to change jobs more fre-

quently.

The period under consideration

(1954-1957) was characterized b\- a

steady increase in die Canadian

economy's demand for engineers and

scientists, with corresponding short-

ages. The employment experience of

(Continucd on page 138)
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INTERNATIONAL NEWS

I

At the Universities:

j

HoUister Hall Opened at Comell

I

A $2,000,000 building for "instruc-

!
tion and research in civil engineeiing"
was dedicated at Comell University

on October 16. Named for one of

America's most prominent engineer-
ing educators, L-shaped Hollister Hall
contaíns classrooms and faculty of-

fices in one wing and laboratories and
research facilities in the second.

Hollister Hall is the eighth build-

ing in Corneirs Engineering Quad-
rangle. Both a new metallurgical en-

gineering building and a structure for

housing two nuclear reactors are pro-

posed for the future. The quadrangle
is but one of the accomplishments of

Professor Emeritus S. C. Hollister's

22-year term as Dean of the College

of Engineering.

Professor Hollister, who resigned

last June from the Dean's chair, will

have an office in the new building.

A former president of the American
Society for Engineering Education, he
initiated the Cornell five-year pro-

gram for engineering students, with

the double purpose of strengthening

technical education for engineers and
giving more attention to the human-
ities.

The new building is the gift of

Spencer T. Olin, university trustee.

"Sputnik Fever" charged

with Enrolment Decline

The decline in the number of

young people now entering engineer-

ing schools has been blamed on
"Sputnik fever" by Dean Dale R.

Corson of Cornell University 's College

of Engineering. "Sputnik fever" drove
many potential engineers in America
to study science instead of engineer-

ing two years ago, he claims.

In 1958 freshman enrolments were
down 11% on the average ali over

the United States. This year the

number of applications was down
again.

"There has been a great deal of

talk about science in these two years,"

says Dean Corson. "I think that much
of this talk has been misplaced. The
satellite and rocket achievements have
been engineering achievements, not

science achievements, although some
of the measurements which have been
made with the satellites have scíen-

tific interest."

Speaking on engineering curricula,

Dean Corson pointed to the dilemma
now facing engineering educators:

two entirely different curricula are

needed. On one hand, the electrical

engineer cannot build a super-sensi-

tive receiver for radio waves using

the latest developments in solid-state

physics unless he understands the

physics involved; on the other, the

country needs engineers who are

going into manufacturing operations,

management and numerous other

equally important áreas which do not

require so much scientific training.

The answer, he finds, lies in a

"dual-path approach". Beginning in

the third year, the engineering stu-

dent must choose whether he will go
in a heavy mathematics-physics direc-

tion or take a more normal engineer-

ing course.

Harvard and M.I.T. Receive Grants

to Study Fusion Power and Space

With a $300,000 grant from the

National Science Foundation, Har-

vard University, Cambridge, Mass.,

has launched a research project on

the behaviour of gases at high tem-

peratures. The study will bear on

problems of space travei and atomic

power and may even help to explain

the workings of the stars.

Massachusetts Institute of Tech-

nology (M.I.T. ), also at Cambridge,

Mass., has received $500,000 from the

Hollister Hall, Comell University
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National Science Foundation for a

similar, but separate, study into

fiision power, space and space craft.

Nearh' a hiindred people will be

researching in this crucial new field

of scionce, thus establishing Cam-
bridge as onc of the worlds leading

centers for rcscarch into power and
space. The staffs of the two univer-

sitios plan a regular interchange of

information about their work.

Research at Har\'ard \\ill be con-

ducted in the High Temperatura
Gas D\iiamics Project under the

direction of Dr. Howard W. Emmons
and Professor Gordon McKay. The
M.I.T. program w ill be carried on in

the Plasma D\namics Program,

headed b\- Dr. William P. Allis.

"Gas dynamics" and "plasma dy-

namics" include the study of ionized

gases (or plasmas) such as exist in

the upper atmosphere of the earth

and can be produced in the labora-

tory. In their most familiar form, they

exist in fluorescent light tubes and in

the sun where ionized hydrogen
atoms fuse giving off enormous
amounts of light, heat and other

radiations.

In recent years scientists through-

out the world have been making
concentrated efforts to devise ways
by which the fusion reaction (such as

takes place in the sun and in hydro-

gen bombs) can be achieved under
controlled conditions. If successful,

these studies will give a method of

converting unlimited quantities of

deuterium (a form of hydrogen in sea

water) into power.

The M.I.T. and Harvard research-

ers do not propose to build elaborate

apparatus to produce the fusion reac-

tion. They will concern themselves
with fundamental scientific research

to learn more about basic principies.

Their studies should lead to informa-

tion about subjects as varied as fusion

power, propulsion of space vehicles,

entry and re-entry of space vehicles,

communication through space, com-
bustion, transformation of energy be-

tween mechanical and electrical

forces, and astrophysics.

Gulf Oil Donates $1,000 to

Colorado School of Mines

The Gulf Oil Corporation has con-

tributed $1,000 to the Colorado
School of Mines Foundation, Inc. Dr.

John Vanderwilt, president of the

that the money will be used as an
assistance grant in the petroleum en-

mineral engineering college, states

gineering department of the School

of Mines.

Gulf Oil contributed three-quarters

of a million dollars to educational in-

stilutions in 1958 and thus far in 1959
has given an additional $170,000 to

institutions throughout the U.S.

Doctor of Science in

Industrial Health Degree

The Institute of Industrial Health

at the University of Cincinnati is

offering graduate training for profes-

sional personnel in the field of en-

vironmental hygiene — industrial

hygiene, air pollution, industrial

wastes, and industrial toxicology. The
Professional training is provided for

graduates of approved schools of en-

gineering or Science.

The three-year course of instruction

leading to the degree of Doctor of

Science in Industrial Health will com-
prise two years of intensive academic

study and a third devoted to prepara-

tion of a thesis.

A limited number of fellowship

stipends is available to qualified can-

didates. Inquiries should be made
to the Institute of Industrial Health,

College of Medicine, Eden and Beth-

esda Avenues, Cincinnati 19, Ohio.

On Education:
TJ.S.S.R. Gives Superior Program
Of Secondary School Mathematícs

More Russian students take second-

ary school mathematics than Ameri-

cans. In general, they spend more
time in class studying advanced ma-
thematical disciplines and cover these

fields in greater depth than do North
American students. So says Bruce

Vogeli, a University of Michigan

gi-aduate student in a doctoral disser-

tation just presented to the iniiversity.

According to authorities, this is one

of the most thorough analyses of So-

viet source materiais for secondary

school mathematics ever made in the

U.S.

The best American high school

programs in mathematics surpass the

standard Soviet program. The U.S. is

ahead of Rússia in modernizing its

mathematics courses and has done a

better job of developing different

types of mathematics programs for

its students.

Although Vogeli believes the stan-

dard Soviet secondary mathematics

program is better than the average

American high school program, he as-

serts that it is inferior to programs in

several of the European countries.

Humanistic Education only for Minoríty

Really humanistic education is suit-

able only for a minority, Rene Poirier

of the Institui de France, Paris, stated

recently at the International Council

for Philosophy and Humanistic

Studies at the University of Michigan.

"The increased independence of

pupils toward teachers as w ell as par-

ents makes it necessary to consider

more what interests them and appears

profitable to them — in general,

studies which will open the door to

an advantageous career." Teaching of

the mathematical and formal sciences

should begin early, according to M.
Poirier, and not wait to be tacked on

as a postscript to general humanistic

training.

Training Atomic Scientists

The shortage of atomic scientists

and technicians can not be solved by
a crash program designed to tum
out pure specialists. The responsibil-

ities of atomic energy workers and

the need for ingenuity, initiative, in-

telligence, and imagiiiation in the

field make a broad general education,

founded on a solid classical training

in physics and chemistry, essential to

the specialist.

These are the conclusions of

eighty scientists from forty different

countries who attended the Interna-

tional seminar on problems of train-

ing specialists in the peaceful uses

of atomic energy held at the French
Center for Nuclear Research at Sac-

lay, 20 miles out of Paris. The sem-

inar was sponsored jointly b>" the In-

ternational Atomic Energy Agency
and the United Nations Educational,

Scientific and Cultural Organization.

Universities face a singular prob-

lem in tr\ing to train specialists in

the peaceful uses of atomic energ\"

—

a field which did not e\en exist

twenty \'ears ago and one in which

what is re\-olutionary today ma\- be

obsolete tomorrow. Professors trained

classicall\- themselves in formal chem-

istry and physics find it necessarx" to

get new knowledge rapidlv; unixer-

sities must equip themseh-es with new
laboratory facilities.

The conclusions drawn from the

assembled scientists at Saclay were

essentially three: universities must

work closely with nuclear research

centers in training students, if only

for financial reasons; the stud>" of

nuclear sciences should not be started

too earl\-—specialized courses should

appear in the secondary school curri-

culum but onl\- after a solid training

in standard physics and chemistr\';

and international organizations should

play a healthy part in solving these

educational problems, making tvvo-to-

three-\ear fellowships a\ailable for

scientists from countries where atomic

research is not \et well developed.
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Reorganization in the Soviet Union

The twenty-first Communist Party Congress of the U.S.S.R. has defined a seven-

year public education program. The following comments on the neto program hy
Yecgeni Afanasenko, Minister of Public Education of the Russian Federation, are

quoted from Soviet News Bulletin.

More is demanded today of the

Soviet school system. It must over-

come a certain gap which heretofore

separated it from actual life, and it

must train the pupils in a spirit of

devotion to socially useful work, to

productive labour.

The public education departments,

in concert with local organizations

and the public, have classified the

schools, deciding to which type each

one should belong: eight-year, night

school (with í/hifts, or seasonal or

correspondence), secondary general

educational or secondary general edu-

cational polytechnical labour school

with production training.

In keeping with the new law com-
pulsory education in the U.S.S.R. is

extended by one year to a total of

eight years. The basic type of general

educational schools will be the eight-

year school for ali children from the

age of seven to fifteen or sixteen. In

the eight-year general educational la-

bour school the pupils will learn the

fundamentais of science: Russian,

mathematics, history, physics, foreign

language and geography. Labour
training will occupy a conspicuous

place in the curriculum, and so will

the study of singing, drawing, music,

physical culture, and so forth.

From the first year the pupils

will be taught cértain easy work. The
boys and girls who are preparing for

their future activities will attend prac-

tical production courses at the school

workshops and plots of land, then in

factory and mills, in collective and

State farms, and in agricultural

machinery repair shops.

The rural districts which hereto-

fore had only elementary four year

schools from now on will have eight-

year establishments. There will also be

boarding schools and hostels. Trans-

portation facilities will be provided

for pupils Who live far from the

school. Steps are being taken so that

the children may get their meais at

school.

The reorganization provides for

the extension of secondary education

everywhere; it can be received with-

out stopping work (in shift, night, and
seasonal schools), or by stopping work
and enrolling at secondary gen-

eral educational labour polytechnical

schools whose pupils will receive

production training, and also in tech-

nical schools and other specialized

secondary educational establishments.

With the help of school teachers

and parents the Academy of Peda-

gogical Sciences and the Ministry of

Public Education of the Russian

Federation have prepared draft

statutes for ali types of schools, as

well as draft curricula for the new
schools and programs for every sub-

ject. These documents are being dis-

cussed in the schools, in the Uchi-

tleskaija Gazeta (The Schoolteachers

Gazette), and in specialized publi-

cations.

Much is being done to expand the

number of boarding schools. In line

with the decisions adopted at the

Our plans, it seems to me, should

be an expression of our belief in

freedom. As we seek an answer to this

fundamental question, "what do we
mean by Education?" I venture to

suggest that ali universities today

should ask themselves three questions.

(1) Is not the most important

problem for the world today a moral

and a spiritual one? On the material

side we are doing very well and we
shall do still better and expand it.

Our real weakness and the real

division belween the totalitarian state

and the free society lies in the other

field.

(2) What are the universities going

to do to cure this weakness, whose
existence they cannot possibly deny?

(3) Having regard to the fact that

21 st Party Congress, boarding schools

with accommodations for 250,000

pupils will be opened for the next

school year in the Russian Federation

alone (as against 83,000 boarding-

school pupils in 1958-59). Facilities

are provided in ali the boarding

schools so that the pupils will receive

an all-round general polytechnical

education, esthetical and physical up-

bringing, and training in socially

useful work.

To meet the new requirements of

the schools the output of special

equipment for them is to be vastly

expanded.

The Ministry of Public Education

and the Academy of Pedagogical

Sciences of the Russian Federation

have worked out new curricula for

the higher pedagogical educational

establishments. Henceforward the
students of higher pedagogical

schools will have to go through

good practical training in factories

and collective farms, to get first-

hand information on the function-

ing of schools, and acquire some

skills in the field of the arts (singing,

music, drawing), so that they may be

in a position to combine their duties

at school with extra-curricular edu-

cational work, and in conducting

study circles for the pupils.

our future will be so largely shaped

by the thoughts implanted in the

universities, ought anyone to be

allowed to pass through a university

without thinking about this problem?

Certainly there are no easy answers

to these questions. But are the

answers so difficult as we sometimes

seem to think?

If our universities realh- regarded

this as an urgent and serious prob-

lem, it could be solved tomorrow.

We are dealing with far more com-

plex questions in the mysterious realm

of nuclear physics. People who have

unlocked the mysteries of the universe

by iheir combined thought and action

surely need not be dismayed by this

relativeh' simple task.

The Commonwealth Scholarship Plan

The following is an extract from a speech delicered to the opening session of the

Commonwealth Education Conference, which met at Oxford from July 15-29, by

Mr. George Drew, Canadian High Commissioner to the United Kingdom and

Leader of the Canadian Delegation to the Conference.
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Month to Month

ENGINEERS CONFEDERATION COMMISSION

As aiitliorized !>> llio ('aiiadian Coun-
cil i)f Pr()íi'ssii)iial Eiisíinccrs and tlie

EniíinoiTiiit; Institutc of Canada, tlu- En-
gincers Ciinfedoiation Coniinission lias

boon appdintod. and hcld its first plcn-

;m' incftini; in Tormito on Octolier 18,

1959.

MonilxTS of tlii' Coniniission are:

Cliairiiian: John II. Fox, Toronto, On-
tário.

N'ic'o-Cliairn>an: George M. Dick, Slier-

hrooke, Quehcc.
.\Ihorta: j. McMillan, J. G. Dale.

Britisli Colnnihi.i: W. K. Gwyer, F. A.

Forward.

Manitoha: T. E. Storey, N. S. Bubbis.
Nrw Brunswick: T. C. Higginson, James

O. Dineen.

Ncwfoundland: J. B. Angel.

Nova Scotia: J. Hoogstraten, G. F. Ben-
nett.

Ontário: T. Foulkes, D. D. Whitson, C.
T. Carson, L. D. Dougan.

Princc Edward Is: W. R. Brennan.
Quebec: E. D. Gray-Donald, J. E. L.

Roy, H. Gaiidefroy, H. Cimon.
Saskatchcwan; J. C. Traynor, J. B.

Mantle.

Vnkon: E. \V. King.

Ali provinces were represented witli

ali bnt tliree of the Commission mem-
bers present.

Mr. D. O. Turnbull, President of the
C.C.P.E., and Mr. J. J. Hanna, Pres-

ident of the E.I.C., were present and

addressed the meeting. They stressed

the importance and urgency of its task,

and each of them expressed the hope
that a final report would be forthcoming

in time for consideration at the annual

meetings of the two bodies in 1961.

To facihtate its work, the Commission
was divided into committees or task

groups, each charged with the respon-

sibility of preparing detailed recommen-
dations to the Commission, regarding

important aspects of the Commission's
work.

These committees are:

Committee on Charter—To draft a com-
plete charter iising the E.I.C. charter as

a basis if possíble.

Chairman: J. G. Dale, Alberta.

Viee-Chairman: F. A. Forward, British

Columbia.

T. E. Storey, Manitoba.

J. C. Traynor, Saskatche-

wan.

Committee on By-Laws—To draft ali

necessary by-laws assuring that these are

consistent with the Charter.

Chairman: H. Gaudefroy, Quebec.
Vice-Chairman: C. T. Carson, Ontário.

T. Foulkes, Ontário.

J. E. Leo Roy, Quebec.
L. D. Dougan, Ontário.

Committee on Administration—To spell-

out the broad lines of how the new Na-

tional Body will be administered.

Chairman: T. Foulkes, Ontário.

Vice-Chairman: L. D. Dougan, Ontário.

J. E. Leo Roy, Quebec.
D. D. \Miitson, Ontário.

H. Cimon, Quebec.

Committee on Finance—To work out the

details of how the new bod)' will be
financed, in co-operation with tlie Com-
mittee on Administration.

Chairman: E. D. Gray-Donald,
Quebec.

Vice-Chairman: C. T. Carson, Ontário.

T. C. Higginson, New
Brunswick.

J. O. Dineen, New Brun-
swick.

J. S. Bubbis, Manitoba.

Committee on Branches—To determine
how the branches wll be formed, fi-

nanced, operated, etc, and their rela-

tionship with the National Body and the

Provincial Associations.

Chairman: W. K. Gwyer, British

Colmnbia.
N. S. Bubbis, Manitoba.

J. McMillan, Alberta.

E. W. King, Yukon.

Committee on Other Societies—To sur-

vey possíble co-operation with and par-

ticipation of otlier societies (Canadian,
LT.S., British or Foreign technical soci-

eties and Professional engineering bodies)

as distinct from tlie two participating

groups.

Membership of this Committee will be
dctermined later.

Committee on Ser^^ces—To outline the

various Services to be perfoniied hy the

new National Body.
Chairman: J. B. Mantle, Saskatchc-

wan.

J. McMillan. Allierta.

F. A. Forward, British

Columbia.
T. E. Storey, Manitoba.

J. Hoogstraten, No\a
Scotia.

Committee on Relationship with the
Provincial Associations—To cstablish tlie

relationship between the new National
Bod>- and the Pro\inciaI Associations.

Chairman: J. Hoogstraten. Nova
Scotia.

G. F. Bcnnctt, Nova
Scotia.

1. B. Angel, Ncwfound-
land.

R. Brennan, P.E.I.

(Left to right): J. J. Hanna, president, E.I.C; J. H. Fox, chairman, Engineers Confed-
eration Commission; D. O. Turnbull, president, C.C.P.E.; and G. M. Dick, vice
chairman, Engineers Confederation Commission.
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Back Row (left to right): F. A. Fonvard, E. W. King, W. R. Brennan, J. G. Dale, D. O. Tumbull, G. M. Dick, J. II. Fox, J. J.

Hanna, L. Nadeau, G. T. Page, J. B. Angel, D. D. Whitson, T. Foulkes, J. E. L. Roy, E. D. Gray-Donald; front row (left to

right): J. B. Mantle, J. O. Dineen, T. C. Higginson, L. D. Dougan, J. Hoogstraten, J. C. Traynor, H. Gaudefroy, C. T. Carson, J.

McMillan, N. S. Bubbis, and T. E. Storey.

Co-ordinating Committee—To co-ordinate

the work of the Committees and to estab-

lish the details of implementation of the

decisions of the Commission.
Chairman: Chairman of the Com-

mission.

Více-Chairman: Vice-Chairman of the

Commission.
Members: Chairmen or Vice-

Chairmen of ali com-
mittees.

The Chairman and Vice-Chairman are

ex-officio members of ali committees.

In the interest of convenience and the

practicability of holding meetings that

would otherwise require extensive time

and travei, geographical consideration

was an important factor in the selection

of committee members.

The Co-ordinating Committee is

Atomic Energy of Canada has an-

nounced plans to open the Chalk
River Reactor School on February

1, 1960. Applicants for this first

12-week course must have their

forms in to the Secretary, Chalk

River Reactor School by November
15 so that the twelve successful can-

didates can be notified bv Decem-
ber 1.

Candidates for the school must
have a universíty degree in physics,

engineering physics, cheniistry, met-

allurgy, or engineering.

The course, taught by sénior coni-

pany executives and members of the

staffs of the various A.E.C.L. divi-

sions in Toronto, Ottavva and Chalk
River, will give students the basic in-

struction necessary for a thorough

understanding of the design, construc-

tion and operation of nuclear reactors.

Set up in response to the wide in-

terest shovvn in atomic povver systems

being developed in Canada, the

charged with the special responsibility

of ensuring that there is a maximum of

liaison and a minimum of overlapping

in the work of the individual commit-
tees.

Following the plenary meeting of the

Commission, each committee had a pre-

liminary meeting to lay plans for the

implementation of the program.

The secretariat of the Commission is

shared by Mr. Leo M. Nadeau, Executive

Secretary of the Canadian Council of

Professional Engineers, and Mr. Garnet
T. Page, General Secretary of the En-
gineering Institute of Canada.

As the work of the Commission pro-

gresses, further reports will be made.
However, it will imdoubtedly require

several months of committee work be-

fore tangible results begin to appear.

course will be particularly concerned

with power reactors moderated with

heavy water and fuelled with natural

uranium (such as the NPD station

under construction at Rolphton and
CANDU projected for a site north of

Kincardine, Ontário).

NBC-TV Presents Chemístry Course

NBC television is producing a

two-semester college-level chemistry

course in cooperation with the Am-
erican Chemical Society and The
American Association of Colleges for

Teacher Education.

Monday through Friday, from 6:30

to 7 a.m., Professor John F. Baxter,

head of the General Chemistry Divi-

sion at the University of Florida, does

a lecture-demonstration on funda-

mental principies of modern chemis-

try.

Last year NBC initiated "Continen-

tal Classroom" with an eight-month

course in Atomic Age Physics which
won unprecedented honors. This year

some 300 universities have agreed to

offer the course for college credit.

Prentice-Hall, Inc., Englevvood

Cliffs, N.J., has published both the

textbook and study guide (entitled

Modern Chemistry), written by Dr.

Baxter and Dr. Luke E. Steiner of

Oberlin College to accompany the

televised course.

Financial backing for the "Conti-

nental Classroom" course is being pro-

vided by the Ford Foundation and
ten leading industries.

University of Toronto
Interviews with Graduates

Interviews for permanent employ-
ment of graduates from the Faculty

of Applied Science and Engineering

at the University of Toronto will be
held on January 21, 22 and 23, 1960.

The university requests that infor-

mation on jobs available be supplied

by employers to each department
concerned and to the Placement Ser-

vice office.

Engineering departments at the

university include: aeronautical, ar-

chitecture, chemical, civil, electrical,

engineering physics, geological sci-

ence, geophysics, industrial, mechan-
ical, metallurgical and mining.

Seventy-three Engineers Out of Touch

The Records Department at E.I.C.

headquarters has been searching in

vain to locate the following seventy-

three members. Current addresses,

sent to the Engineering Insti-

tute of Canada, 2050 Mansfield

Street, Montreal, P.Q., will be heart-

ily welcomed.

Members

Andretsch, Richard F., Ohio. U.S. A.

Gregory, Peter G., Ottawa, Ont.

Hussey, C. H., Toronto, Ont.

(Continued on page 118)

A.E.C.L. Reactor School
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Alexander Watson, m.e.i.c, director of

sliip lonstruction and siipply of tlie Dc-
partiiuMit of Transport, has becn ap-

pointed chairinan of tlie Canadian Mari-

tinio Coniinission by Transport Minister

Hees.

R. H. Findlay, m.e.i.c. (Royai Techni-

cal Collcgc '09), Consulting mechanical

cnginecr vvith the Montreal Branch of

tlie Dominion Bridge Company, has re-

tircd after 48 years with the company.

H. William Tate, m.e.i.c. (Toronto '10)

has retircd from the presidency of De
Leuw, Cather & Company of Canada
Limited, Consulting Professional Engi-

neers, Toronto and Ottawa, and becomes
chairman of the board. Leslie W. Pillar,

M.E.I.C. succeeds Mr. Tate in the presi-

dency.

M. Barry Watson, m.e.i.c. (Toronto
'10), formerly registrar of the Ontário
Association of Professional Engineers and
secretar>-treasurer of the Dominion (now
Canadian) Council of Professional Engi-
neers, has retired from practice to live in

México.

R. A. Emerson, m.e.i.c. (Manitoba '30),

vice-president of the Canadian Pacific
RaiKvay Company, has been made a
Commander Brother of the Order of the
St. John of Jerusalém by Govemor-Gen-
eral George Vanier at Government House,
Ottawa.

R. C". McMordie, m.e.i.c. (Toronto '30),

has become manager of engineeríng op-
erations and chairman of the B.C. Power
Commission's sénior staff executive com-
mittee. He is thus the principal engi-
neering officer of the commission, re-

sponsible for ali engineering and for the
production of power.

John F. Benjafield, m.e.i.c. (Queen's
'33) has been appointed assistant distríct

manager, London District, The Founda-
tion Company of Ontário Limited.

Yvon Jobin Paul R. Ukrainety,
Jrei.c. s.e.i.c.

92

Alexander Watson, R. H. Findlay,

M.E.I.C m.e.i.c.

Andrzej S. Dromlewicz, m.e.i.c, has

been made district engineer, Calgary

District, The Foundation Company of

Canada Limited.

A. W. Tobber, m.e.i.c (Danzig '34),

formerly chief engineer and works man-
ager of Harrington Tool & Die Co. Lim-

ited, has been appointed vice-president in

charge of engineering and manufacturing.

Leonard E. Gads, m.e.i.c. (Alberta

'39), secretary of the faculty of engineer-

ing at the University of Alberta since

1946, has been appointed associate dean
of the faculty.

A. J. G. Leighton, m.e.i.c. (Saskat-

chewan '42), has been named director of

engineering of the B.C. Power Commis-
sion. P. J. Croft, M.E.LC, is the new
director of planning.

V. Douglas Thíerman, m.e.i.c. (Sas-

katchewan '48) has been clected a direc-

tor of Haddin, Davis & Brown (Alberta)

Limited. He is manager for the firm in

Edmonton.

H. W. Beckett, m.e.i.c. (Saskatchewan
'48) has been appointed construction en-

gineer III for The Consolidated Mining
and Smelting Company, Calgary.

D. L. Fuller, m.e.i.c (Saskatchewan
'49) is the new operations manager of

Producers Pipelines Ltd., Regina.

C. H. Johnson jR e.i.c (Manitoba '49)

has been appointed a teclinical sales rep-

resentative for petroleum chemicals by
Du Pont of Canada Limited. With head-
(juarters in Montreal, he will cover

Quebec and the Maritimes.

S. F. Lee, m.e.i.c. (Saskatchewan '50)

lias become chief engineer of Saskat-

chewan Government Telephones, Regina.

Yvon Jobin, jr.e.i.c. (Lavai '52) is

the new superintending engineer in the

A. W. Tobber, Leonard E. Gads,
m.e.i.c m.e.i.c

System Operation, Regional Operation
Division of Hydro-Quebec.

Laurie A. Coles, m.e.i.c (New Bnms-
wick '54), fonnerly chief engineer for

M. F. Schurman Company Limited, has

established the firm of Laurie A. Coles

and Associates to provide consulting engi-

neering and architectural services in

Charlottetown and Summerside, Prince
Edward Island.

Mare M. J. Chagnon, jR E.i.c, (McGill
'57) \\\\o has been working with the

CNR, Montreal has been awarded an
Athlone fellowship for two years of post

graduate training in tíie L^nited Kingdoni.

Pierre Fortier, jR-e.i.c. (Ecole Pol\-

teclinique '57) has begim work as an

analytical engineer with Pratt & \\liitne\

-Aircraft Company (Longeuil) after spend-

ing two years in England, at the Imperial

College of Science and Technology, on an
Athlone Fellowship.

Paul R. Ukrainety, s.e.i.c (Saskatche-

wan '57) has returned from a two->ear

Athlone Fellowship at Bristol, England.
working with tlie Bristol Aeroplane Com-
pany Limited, and will begin work to-

wards his M.Sc. at the Universit>- of

British Columbia on a National Research

Council scholarship.

Robert J. Blake, jr.e.i.c. (Toronto '57

1

has taken a position as plant engineer at

the Imperial Tobacco Compan\'s nev
plant at Guelph, Ont.

Nomian Morantz, s.e.i.c. (McGill '59'> is

stud> ing towards an M.Sc. degree in civil

engineering at Lehigh University, Betli-

lehem, Penn.

Jack W. Hicks. s.e.i.c. (Toronto "59^

has taken up the position of construction

engineer in Dravo Corporation's contract-

ing division, Pittsburgh, Penn.
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These pictures show

HOW TO SAVE
A MILLION

Savings of nearly one million dollars have been eífected

in construction at the new Lions' Gate Hospital in

North Vancouver.

This was due largely to the flexibility of steelwork design

which allowed a more economical installation of mech-
anical and electrical services and a reduction of nearly

forty percent in total dead weight.

Three of many striking examples of the adaptability of

Steel construction are shown on this page. Dominion
Bridge, Vancouver, fabricated and erected the structviral

Steel frame.

Plans for the hospital were prepared by the
Vancouver architectural firm of Underwood,
McKinley and Cameron. Structural consultants
were F. Wavell Urry and R. C. Clough En-
gineering Ltd., also of Vancouver.

Structural Steel by

DOMINION BRIDGE
Fourteen plants - coast to coast.

13

BESIDES PROVIDING continuous shaUow
depth floor girders, twin channels placed on
opposite flanges of the columns allow more
efficient positioning of vertical pipe runs.

EASIER INSTALLATION of services
through the use ofopen web steel joist system,
shown above, was one of important reasons
for the substantial savings realized in the
construction of the hospitaL

SMALL PIPES FOR OXYGEN, vacuum and
electrical services are easily passed through
the spaced double angle top chords of the
joists directiy into partitions without trouble-
8ome bends or offseta.
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NEWS OF THE BRANCHES

BAIE COMEAU
C".. W. Scolt, M.E.i.c., Conesixiiulciit

QuEBEC NoRTH Shore Papeh Company's
Woods Department was liost to a numlier

i)f Baie Coineaii inenibers on a 150-mile

exciirsion in tlie arca of the lower Maiii-

couaiían Ri\er on September 19.

The road-and-water trip included visits

to two liimher camps where inembers saw
the latest meelianical eciiiipment for pro-

cessinjí and liandUng pnlpwood timber in

operation. Of special interest were two
entirely original niachines for felling,

brancliing and cutting-to-size pnlpwood
timber witliovit the help of the conven-

tional hiniberman and transportation

equipment.

Led by Mr. T. B. Fraser, division

manager of the Woods Department of

the Qnebec North Shore Paper Company,
the group lieard a short talk on the inter-

related activities of the company's pulp-

wood operations and the latest develop-

nients by Quebec Hydro on the Mani-
couagan River.

BELLEVILLE
D. A. Law, jR.E.i.c, Correspondent

EiGHTV THOUSAND FiREs accounting for a

SlOO million loss occur in Canada each

year, Mr. Gordon Shorter, m.e.i.c, Bnild-

ing Research Division of N.R.C., told

members at the October 5th meeting.

Mr. Shorter, speaking on Fire Research,

showed the fílm "The Saint Lawrence
Bums" and explained that only through

objective thinldng in field investigations,

materiais testing, and statistics study can
the situation be improved. This, he
pointed out, is vvhat his department at

N.R.C, is trying to do.

Past-chairman T. E. FUnn introduced

the speakcr in the absence of the 1959-60
chairman, W. C. Benger.

CAPE BRETON
Harold M. Aspinall, m.e.i.c,

Correi-pondent

OX TOUR THROUGHOUT THE EIGHT PROV-

INCES and the Yukon, visiting the Insti-

tute*s .59 branches, President Hanna ad-

dressed the membership here on Septem-
ber 18th. Discusing various aspects of

industry across Canada, Mr. Hanna in-

dicated that our economic system was
being adju.sted to meet modem demands
and minimize trends tovvard depressions.

He emphasized that E.I.C. organizations

could help by conducting talks and dis-

cussions on economic problems, employer-
employee relations, and similar subjects.

E.I.C. headquarters are most anxious to

]ielp branches witli their technical pro-

grammes, he stated. Decentralization and
maximum service are two constant aims.

Director of Technical Services, J.

Hance Legere, expressed the regrets of

the General Secretary. Dr. Garnet Page,

in not being able to attend the meeting.

He stated that headquarters would prob-

ably be able to supply one or two speak-

ers for branch meetings. He also reminded
members that a staff of qualified librarians

is available at the Montreal ofRce to help

members obtain any infomiation they

may need from technical books and
periodicals.

The chairman, W. Dodson, presided

over the dinner meeting, held in the Isle

Royale Hotel, Sydney, where 43 members
were gathered. President Hanna was
introduced by the immediate past-chair-

man, J. Vince Palmer.

CORNER BROOK
H. A. Hinton, jr.e.i.c, Correspondent

President Hanna and Dr. Page met the

members of the branch at a stag dinner on
September 16 in the infomial atmosphere
of a summer cabin. Dr. Page's work as

General Secretary won unanimous ac-

claim.

Following the dinner Mr. Hanna gave

a highly thought-provoking talk on the

opportunities and responsibilities of en-

gineers as members of the community.
Dr. Page outlined the present activities

of the Institute and discussed some of

its projects ahead.

HALIFAX
W. J. Pliillips, M.E.I.C, Correspondent

The Association of Professional En-
GiNEERs of Nova Scotia held a luncheon

and reception at the Lord Nelson Hotel

on September 22 in honour of President

Hanna. Aniong the special guests were

J. Hance Legere, accompanying Mr.

Hanna on the visit; W. J. Phillips, Chair-

man of the Halifax branch; John H.

Boyce, branch secretary-treasurer; and
Halifax Branch Councillors G. F. Vail and
E. D. Wickwire.

More than fifty members attended the

branch meeting that evening—a reception

and buffet supper at the Halifax Curling

Club. During the day President Hanna
had had the chance to renew old friend-

ships among the branch members, includ-

ing two past-presidents, Drs. J. B. Hayes
and Ira P. MacNab.

Speaking to the assembled Halifax

members, Mr. Hanna pointed out that the

increased enrolment in Canadian uni-

versities and migration of foreign engi-

neers to this country had given Canada
a good number of qualified engineers

and relieved the pressing shortages of

four years ago. He reported on current

affairs of the Institute and announced
that The Engineeriníi Journal would ex-

pand shortly.

KITCHENER
John F. Runge, 'sí.^.i.c,Correspondent

ApPROXIMATELY SIXTY MEMBERS frOHl

Kitchener, Guelph, Galt and tlie sur-

rounding area attended the annual stag

held at Waterloo Fish & Game Club
September 16.

Spareribs and pigtails, baseball, and
horseshoes added to the evening's enter-

tainment.

LAKEHEAD
G. O. Hanson, JR.E.I.C, Correspondent

GuiDED BY Refinery' Engineer Tom
Ferris, Safety Engineer Bob Faircloth and

Sales Engineer Wayíie Cheney, 35 mem-
bers toured the Husky Oil Refiner> on

McKellar Island, Fort William on Septem-

ber 16. They were showii \arious pro-

cesses used in extracting the nian\' prod-

ucts from crude oil.

In the laboratory, Max Eger, plant

chemist, explained the \-arious te.sts and
control methods used to proxáde con-

sistent products, ali of \^ hicli must meet
rigid govermuent specifications.

Dean Stevens, refuiery superintendent,

explained the operation of the refiner\-:

Forty-five to fift>' per cent of the crude is

refined into light fuel oils and gasoline.

The remainder goes into bunker fuel oil.

asphalt, roofing tars, and pipe bne enamel.

Only about tv\o per cent of tlie crude

is lost in the processing.

The tour and talk were followed b\- a

delicious luncheon gi\en hy the Husk>-

Oil Company.

LETHBRIDGE
Ronald J. Knight, jR-E.i.c, Correspondent

Members of the Montax.\ Section of

the A.S.C.E. were guests of the Leth-

bridge brancli .\ugust 29 at the annual
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toiír-and-mecting which is held altern-

ately in Alberta and Montana. Members
and guests met for lunch in Waterton
and then toured the British American
Oil Company's gas and sulphur processing

plant at Pincher Creek.

The Lions Club hall in Waterton Lakes
was the scene of the dinner meeting.

R. L. Francis, jr.e.i.c, welcomed the

guests and Mr. L. J. Walker, chairman
of the Montana section of A.S.C.E., re-

pUed on behalf of our Montana friends.

Mr. T. W. Pierce, m.e.i.c, Waterton
Lakes National Parks Supt., Alberta,

Traced developments in the formation of

Waterton Glacier International Peace
Park and gave special praise to Rotary
International for its ground work and
continuing support of this "Hands Across

the Border" idea. He even suggested that

the park would be a íitting place for a
meeting such as ours.

LONDON
L. Scott Murray, m.e.i.c, Correspondent

The London Branch of the E.I.C. is

conducting a Professional Development
Course which consists of seven lectures

and a field trip on nuclear energy. This

course has been worked out with the co-

operation of the University of Western
Ontário and McMaster University, as well

as Canadian Westinghouse and Canadian
General Electric. We are expecting an
enrolment of about 40 members.

MONTREAL
J. A. Randle, m.e.i.c, Correspondent

The student guidance committee of

the Montreal Branch met on September
22 and elected Juhen Dubuc, jr.e.i.c,

chairman of the Júnior Section, to its

chairmanship.

SASKATOON
W. A. Friebel, m.e.i.c, Correspondent

Dr. Neil B. Hutcheon, assistant director

of building research with the National
Research Council, Ottawa, spoke to Sas-

katoon members September 8 giving his

impressions of índia from a recent trip

under the Colombo Plan.

His conclusions, after three months of

helping building researchers in índia,

were that índia is "a land of sick people,

sick animais and sick apparatus."

Both agriculture and industry in índia

lag 200 years behind the West and a

complex economy does not speed their

progress. Compared to Canada's 3.8%
arable land índia has 48% coupled with
a 40-inch rainfall. "India's main problem,"
stated Dr. Hutcheon, "is to change from
a hand production economy to the use of

energy and machines."

índia must make better use of her
cheap labor force, selecting the things
they can produce best by scientific

methods and discarding the rest. Labora-
tories better equipped than those in Can-
ada are to be found in parts of índia but
too often the instruments themselves are

not in working order.

HOPKINSONS

SOOT

BLOWERS

• For ali types of water-tube boilers

at ali working pressures.

• Available with automatic sequential

control when required.

• Hopkinsons' experience and proveu

high standards of design, materiais

and workmanship ensure maximum

availability of water-tube boilers in

the thermal generation field.

• Prices invite comparison.

Wnfe for BoHetin No. 5700

HOPKINSONS LIMITED — HUDDERSFIELD, ENGLAND
Manufacturers of Volves ond Boiler Fittings for over 100 years

REPRE5ENTED IN CANADA BY

PEACOCK BROTHERS LIMITED
MONTREAL

SYDNEY . TORONTO • SUDBURY • WINNIPEG • EDMONTON • CALGARY • VANCOUVER
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useNO-CO-RODE
SEWAGE AND DRAINAGE PIPE

for Foundation Footing Draíns

SNAP COUPLINGS

SPEED

INSTALLATION,

MAINTAIN

ALIGNMENT

*Trade Mark Registered

"NO-CO-RODE" PERFORATED PIPE in long, lightweight

lengths assembles fast, grades easily. Unique snap couplings

keep pipe aligned while trench is being backfilled, prevent

silting. Exceptional strength and corrosion resistance make
"NO-CO-RODE" PERFORATED PIPE ideal for footing

drains, as well as septic fields and ali wet spot drainage.

And, for connections between house and street sewer or

septic tank, specify "NO-CO-RODE" ROOT-PROOF PIPE.

/Só.
SAINT JOHN, N.B.

MONTREAL
TORONTO
WINNIPEG
VANCOUVER

MURRAY-BRANTFORD LIMITED

Manufactured by NO-CO-RODE COMPANY LIMITED, Cornwall, Ontário.

• NEWS OF
THE BRANCHES

(Continued)

WINNIPEG
Peter M. Abel, jr.e.i.c, Correspondent

RePRESENTATIVES OF THE Manitoba
Hydro-Electbic Board conducted sixtv'

E.I.C. members through the Selldrk

Generating Station, currently under con-

struction, on September 17.

The capacity of the plant \viil be
132,000 k\v.; t^^'0 steam generators will

provide up to 625,000 Ibs. of steam per

hr. at a pressure of 875 psi and a tem-

perature of 915° F.; the steam wi]l drive

two C. A. Parsons turbine generators,

each having a capacity of 66,000 kw.

Auxiliary services — the coal handling

plant, the water treatment plant, the

coohng water system, and the 115 KV
switching station were also shown the

members.

The Manitoba Hydro-Electric Board

Idndly served refreshments afterward.

New Officers of the Branches

CHALK RTVER

C. E. Lawrence Hunt, jr.e.i.c, chair-

man.

C. E. Lawrence Hunt,

Jr.e.i.c.

L.\KEHE.A.D

P. W. Pinn, M. E.I.C, secretary.

NEWFOUNDL.\ND
A. E. 0'Reilly, m.e.i.c, secretary.

NIPISSING & UPPER OTT.\\\-A

J. M. Rosborough, m.e.i.c, chaimian.

R. S. MacLennan, m.e.i.c, Wce-chair-

man.
W. A. Adams, s.e.i.c, secretary-treas-

urer.

ST. MAURICE VALLEY
W. A. Pangborn, jr.e.i.c, chairman.

W. A. Pangboni,

Jr.e.i.c.

SARNIA

A. W. Wirth, m.e.i.c, chairman.

VANCOUVER ISLAND
R. W. Lockie. jr.e.i.c, secretary-treas-

urer.
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NEWS OF THE

Associations and Corporation

Kegistration of Canadian Engineers
Reaches 74.1%

A survey conducted in late 1958 by
the Department of Labour and recently

made public shows that 74.1% of ali

qualified engineers in Canada are regis-

tered. Of 13,534 questionnaires sent out,

10,044 carne back with answers. They
reveal these figures:

These totais include graduates from
accredited engineering courses and non-

university graduates who are members
of provincial engineering bodies.

Figures include only those who were
members of the association in the prov-

ince in which they were residing. An
additional 181 engineers (or 2.4%) re-

ported membership in a provincial asso-

ciation other than the association of the

province in which they were residing.

Quebec Engineers Against Unionism
The proposed revision of the Code of

Ethics has recently submitted to the

Corporation of Professional Engineers of

Quebec as approved by an overwhelm-
ing majority. One of the major changes
deals with membership of professional

engineers in trade unions. It reads:

"The engineer shall not be a member
of a Trade Union nor participate as such
in any form of Trade Union activities,

since he would then uphold a philosophy

and certain methods of negotiation, in-

compatible with triie professíonalism

such as the use of strikes and the like."

The revision will not be effective until

approved by the Lieutenant-Governor-

in-Council.

Quebec Corporation Campaígníng
Against Illegal Use of Title "Engineer"

The Corporation of Professional En-
gineers of Quebec is intensifying its

campaign against individuais and firms

who are illegally using the title "Engi-

neer". Jean-Paul Dagenais, Jr.E.I.C, of

Montreal, has been appointed profession-

al conduct officer by the Corporation to

investigate ali such cases involving in-

fractions of the Professional Engineers'

Act.

W. J. Riley, M.E.I.C., president of

the Corporation, says the eight-man gov-

erning council is moving promptly to

halt this abuse. He emphasizes that in-

dustrialists, contractors and the public at

large should realize the dangerous im-

plications arising out of the illegal use

of the title.

States Mr. Riley: "Whenever one re-

quires the services of an engineer, one

expects to deal with a duly qualified

professional whose training at the uni-

versity and later experience qualify him
to undertake and carry out successfully

the complicated engineering projects of

our day and age."

Total No. of No. Reporting Member
Reporting ship in Provincial

Province Engineers{l) Association{2) Per Cent

Newfoundland 42 23 54.8
Prince Edward Is 10 4 40.0
Nova Scotia 182 111 61
New Brunswick 133 75 56.4
Quebec 1,994 1,347 67.6
Ontário 3,589 2,794 77.8
Manitoba 229 166 72.5
Saskatchewan 184 117 63.6
Alberta 596 414 69.5
British Columbia 743 485 65.3
Yukon & Northwest Territories .... 19 3 15.8

7,721 5,539 71.7

Opportunities Today Are Better,

Says Ontário 's Director

Canada's systematic e.xpansion has re-

sulted in better opportunities for engi-

neering graduates than ever before, ac-

cording to Col. T. M. Medland, executive

director of the 18,500-member Associa-

tion of Professional Engineers of On-
tário.

In commenting upon recent reports of

falling enrolment in engineering courses

at Canadian universities, Col. Medland
noted there were 1,299 freshman engi-

neering students registered in Ontário

universities and colleges this year. He
compared this figure with last year's en-

rolment of 1,283.

Col. Medland also noted that the

number of students taking mathematics

and physics in Ontario's twelve univer-

sities and colleges which offer engineer-

ing is on the increase.

National Society of

Professional Engineers (USA)

Engineering employee sentiment to-

ward unions is being tested often these

days. A union request for a new election

at the Pennsylvania Power and Light

Company on charges that the company
had unduly influenced the election last

December was recently turned down
by the National Labor Relations Board.

The next major test will probably be

among the engineers of Western Elec-

tric across the United States. The com-
pany, whose election date is coming up,

has circulated an 18-page booklet en-

titled "Why Western Electric Opposes

the CWEPE-N Union-A Look at the

Record" to its engineers.

Starting salary data from ten leading

American engineering colleges (MIT,

Columbia, University of Pennsylvania,

Lehigh, Case, Purdue, University of

Michigan, Northwestern, UCLA, and
Geórgia Tech) shows a four per cent

gain over 1958 and a ten per cent in-

crease over 1957, according to the

montlily bulletin published by the So-

ciety of Professional Engineers (USA).
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News of Other Societies

icstin" Laboratories and Chemical Consultants

A cnisatle for more extensive use of

tcsfing and aiial>sis was launched at the

anniial nioctinsi of tlio Association of

Canadian Tostiiiii Laboratories and
CluMiiical Consultants held recently in

Toronto.

"In \ie\v of rt^cent occurrences where
iMiildintis and bridges have collapsed,"

said E. S. Darby, associate president,

"it is evident tliat tcsting of constructíon

materiais is imperative to prevent such

tragedies." He referred to four instances

in particular—the rccent breakdown of a

bridge on ílighway 401; the bridge over

Burrard Inlet, Vancouver; the steel struc-

ture for an industrial building in To-

ronto; and the collapse of a curling rink

in an Ontário city.

The canipaign will take the form of

a public education project to make man-
ufacturers more aware of the importance

of pre-construction testing.

The Association also awarded its first

scholarship in the amount of $50 to the

Haileybury Scliool of Mines, in memory
of a former president of the association,

the late J. White.

Canadian Copper and Brass Development

The Canadian Copper and Brass De-
velopment Association, a non-trading,

non-profit organization, was fornied in

19.58 under the sponsorship of the cop-

per and brass industry of Canada. Its

purpose is "to promote, stimulate and de-

velop the use of copper, its alloys and
compounds in ali the phases of modem
living."

Composed of twenty-five member com-
panies, the association provides technical

assistance vvith manufacturing and pro-

cessing problems; acts as a liaison with

governmental departments on municipal,

provincial and federal leveis and with
other non-trading organizations including

the Canadian Standards Association and
the National Research Council; supplies

technical assistance and information to

educational institutions; and endeavors to

keep the public informed of e.xisting

practices and new developments in the

copper-brass field.

European Federation of Chemical
Engineering

The European Federation of Chem-
ical Engineering, of which E.I.C. is a

member, has recently published a leaf-

let on its aims, functions and member-
ship.

The federation is defined as "a loose

association on a non-profit making basis

of technical and scientific societies . . .

which are concerned with the fields of

chemical technology, chemical engineer-

ing and process engineering."

With offices in Frankfurt, London and

Paris, the federation aims to "promote

European collaboration in the field of

chemical engineering, which includes

chemical plant engineering, chemical

process engineering, and structural ma-
teriais and unit operations."

It endeavors to keep informed of fun-

damental data, laboratory techniques,

measurement and control techniques,

works techniques, and structural ma-
teriais techniques.

European Congresses about every three

years, working parties to deal with indi-

vidual problems, and constant promotion

of the exchange of views among member
societies allow the federation to gain and
disseminate information vital to the pro-

fession of chemical engineering.

American Society of Mechanieal
Engineers

An estimated 4500 engineers will de-

scend on Atlantic City, New Jersey, late

in November for the annual meeting of

The American Society of Mechanieal
Engineers. Under discussion will be the

latest developments in hundreds of

fields, ranging from rocket ships to tex-

tiles. Air pollution, hi-fi radar, plastic

pipe and solar air-conditioning will be

dealt with in technical papers and dis-

cussion. Other sessions will deal with

rocket ships for manned space travei,

new types of ships that fly above tlie

water, and new and better artificial

hands for amputees.

Lieutenant General James M. Gavin,

formerly director of U.S. Army Research

and Development, will speak on "The
Challenge of the 60's".

Recent Meetings
Canadian Constructíon Association

The second Labour Relations Seminar
in Canada for eonstruction executives

was held at Banff on October 10 and 11.

The seminar, sponsored by the Alberta

Builders' Exchange Council, included

discussion of 1) the law in union-man-
agement relations; 2) management rights

and imion security; 3) economic determi-

nants in collective bargaining; and 4)

the conduct of bargaining.

Plans are in progress for seminars at

Ouebec City, Dalhousie University, Hal-

ifax and Queen's University.

Society for Experimental Stress Analysis

The annual meeting, held on October

21, 22, and 23 in Detroit, Michigan,

dealt with Biomechanics. Among the

technical papers presented were: The
Human Body as a Receiver of Mech-
anieal Energy; Theory of the Transmis-

sion of Vibratory Energy through Body
Tissue; The Response of the Human
Body To Low Frequency Vibrations;

Experimental Investigations on Brain

Concussion; Structural Response of the

Human Body to Acceleration; and The
Mechanism of Concussion—An Applica-
tion of Experimental Mechanics in Neu-
rological Science.

National Conference On Industrial

Hydraulics

The 15th Annual National Conference
on Industrial Hydraulics, sponsored by
the Illinois Institute of Technologj', took

place on October 22 and 23 in Chicago.

Papers were presented on components
and accessories, machine tools, pneuma-
tics, pumps, materiais forming machin-
ery, mobile equipment. servomechanism
and Systems, space hydraulics, aircraft

systems, automoti\e subjects, and hy-

draulic fluids.

Society for Nondestructive Testing, Inc.

The society held its first meeting of

the year on October 15 in Montreal.

"Qualification and Certification of Non-
destructive Testing Personnel" was dis-

cussed by a panei of four. Future meet-
ings are being planned to discuss the

fields of ultrasonics inspection, eddy cur-

rent, and isotope radiography.

Corning Meetings
Illinois Institute of Technology: "New
Ideas 1960", February 5-6, 1960, at the

institute, Chicago, for industrial e.xecu-

tives. Subjects: forecasting by product

line, improving qualitj', engineering

economics applications, production line

balancing and theory, uses of operations

research in sales, organization for total

quality control, material handling

methods, and trends in product design.

Institution of Eleetrical Engineers, Elec-

tronics and Communications Section.

London: Third International Conference
on Medicai Electronics, second lialf of

Jul>-, 1960, in London. Object: to dis-

seminate information to medicai prac-

titioners and eleetrical engineers who are

not experts in medicai eleetronics and

to provide specialist sessions for tliose

engaged in medicai electronic vvork.

International Association for Bridge and

Structm-al Engineering: Sixth Congiess.

June 27 to Jul>- 1, 1960, in Stockholm.

Themes to be discussed: basis of .strvic-

tural design, metal structures, steel skele-

ton, reinforced and prestressed concrete,

prefabricated structures, and important

progress in bridge and constructional en-

gineering.
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LIBRARY NOTES

Prepared by the Library, The Engineering Institute of Canada

RADIOTECHNIQUE ET TELEVISION

Another in the series of "Aide-mém-
oire" issued by Dunod, these two small

volumes contain a wealth of condensed
infomiation, including the radio ama-
teiirs Cede Q, low frequency, capaci-

tance, electronic tube characteristics,

construction of radio stations, etc. (H.

Aberdam. Paris, Dunod, 1959. 2 vols.,

580 fr. ea.)

LA COULEUR DANS LES ACTIVITES

HUMAINES, 2lEME ED.

Ali tliose concerned with the use of

colour will welcome the appearance of

this second, revised edition. There are

two chapters on the relations between
lighting and colour, and a discussion of

the physical aspects of colour, and its

effect on humans. The second half of

the book is concerned with the use of

colour in different loeations, offices,

homes, schools, hospitais, etc. (M.
Déribéré. Paris, Dunod, 1959. 351p.,

3800 fr.)

analyse de variance et plans
d'expehience

An explanation of the principal re-

sults obtained from the analysis of var-

iables, and their applications. It is one
volume of a series on probabilities, sta-

tistics and operations research. (Daniel

Dugué and Maurice Girault. Paris,

Dunod, 1959. 68p., 800 fr.)

l'entreprise et la statistique

TOME 1

One of a series dealing with the eco-

nomics of plants and other commercial
enterprises, this volume is concerned
particularly with statistical methods and
documentation. After an introductory

section the author discusses the history

of statistical methods, statistical analysis,

and different types of calculating and
other machines.

Following chapters consider methods
of presentation of results, and their

interpretation; the organization of na-

tional statistical information especially

in France, and the various types of in-

formation available—production, prices,

employment and wages, banking and
commerce, national revenue, etc. A
bibliography is included. (R. Dumas.
Paris, Dunod, 1959. 402p., 3400 fr.)

NOTIONS SUR LES CIRCUITS d'iMPULSION

Translated from the English, the

purpose of this book is to present a

basic introduction to impulse circuits.

It covers electronic tube circuits, multi-

vibrators, trigger circuits, amplifiers, and
applications. (F. J. M. Farley. Paris,

Dunod, 1959. 162p., 960 fr.)

INSTRUMENTS ELECTRONIQUES
DE MESURE

In this translation from the 1954
English edition, the author surveys the

whole field of electronic measurement,
the devices used, and the classes of

instrument using these devices, with

some typical examples. Sections on radi-

ation measurement are found in parts

2 and 3, and there are also sections

on cathode-ray instruments, photoelec-

tric measuring instruments and rectifier

instruments. Bibliographies are included.

(E. H. W. Banner. Paris, Dunod, 1959.

480p., 5400 fr.)

VUES SUR l'aUTOMATISME

A French translation of a report first

published by the British Department
of Scientific and Industrial Research.

The six chapters include a general in-

troduction to the history of automation

and the possibilities of automatic pro-

duction; technical evolution; automatic

machining; automatic processing, espe-

cially of fluids; automatic data process-

ing; problems of organization; the

effect of automation on management
and labour.

There is a brief discussion of the

future of automation, and a useful bib-

liography for further reading. (Paris,

Dunod, 1959. 140p., 1300 fr.)

EVACUATION ET RECUPERATION DE LA
CHALEUR DES REACTEURS NUCLEAIRES

Volume 3 in an introductory series

on nuclear engineering, designed to

give the reader the scientific basis of

atomic reactors.

The topics covered in this volume are:

reactor cooling; the use of steam and

gas turbines; thermic cycles of some re-

actors. The two previous volumes were

concerned with the physics, control and

protection of nuclear reactors. (Richard

Alami and Paul Agerson. Paris, Dunod,
1958. 246p., 2900 fr.)

LA FATIGUE DES METAUX, 4lEME ED.

Results of recent research into the

fatigue of metais, conducted both in

France and abroad, are incorporated

into this edition. Some of the topics

covered include: the character of fa-

tigue breaks; theory of the mechanism

of metal fatigue; fatigue tests; limits

of endurance of metais and alloys; the

effect of different factors on fatigue,

temperature, corrosion, etc; strength of

joints. Long bibliographies are included

in each chapter. (R. Cazaud. Paris, Du-
nod, 19.59. 574p., 6900 fr.)

INITIATION AUX PROCESSUS

ALEATOIRES

This volume is concerned primarily

with the calculation of probabilities,

stochastic processes, and Poisson's pro-

cess. It is another in the series on prob-

abilities, statistics and operational re-

rearch. (Maurice Girault. Paris, Dunod,
1959. 106p., 980 fr.)

PRESENTATION DES STATISTIQUES

With the increased use of statistical

analysis, the problem of presentation of

statistical information has increased.

This volume discusses the methods
available, and tries to point out the

pitfalls. The first part covers statistical

observation, structure and reproduction

of charts, and statistical series. Part

two considers graphical presentation,

describing the various types and their

reproduction, and empirical series. Ex-

amples are given in ali cases. (P. Pepé.

Paris, Dunod, 1959. 242p., 3500 fr.)

LES PRÍNCIPES DE LA THEORIE
ELECTROMAGNETIQUE ET DE LA
RELATIVITE

A discussion of the basic principies of

electromagnetic theory and relativity,

in which the topics covered include elec-

trostatics; electromagnetism; MaxwelVs
theory; Lorentz' theor>'; principies of

relativity before and after Einstein;

dynamics; Newton's Law; mathematical

analysis. (M.-A. Tonnelat. Paris, Mas-
son, 1959. 394p., 5000 fr.)

FRICTION ET LUBRIFICATION

The first five chapters discuss the

various types of friction and their causes,

the part played by oxides and surface

films, and methods of measuring local

temperature caused by friction. The
sixth chapter covers friction in non-

metals, while the remainder of the book

deals with the behaviour of lubricated

smfaces.

The book is based on research carried

out at Cambridge Universit>-, and is

translated from the English. (F. P. Bow-
den and D. Tabor. Paris, Dunod, 1959.

ITOio., 1150 fr.)

(Continued on page 101)
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"lt's crazy to let fhe weather
ruin our expensive equipment . .

.

. . . surely there's a cheap way to shelter it?"

"There is, Mr. Ames. We can build an equipment
shed for under a dollar a square foot if we use
the fir plywood Rigid Frame system."

"WhaVs that?"

"It's a new building method. Rigid Frames
are large arches made from lumber and
fir plywood. You build the arches on the ground,
raise them up, then secure and clad them
with plywood sheathing. The result is a high,

clear-span building thafs amazingly strong."

"Would it be large enough to house ali our
machinery?"

"Oh sure. You can put up Rigid Frame buildings

with wide clear spans up to 39 feet. And
plans are being developed for even
larger structures than that."

"And you say they cost under a dollar a square foot

to build? Thafs worth investigating."

For plans and information on
fir plywood Rigid Frame Buildings for

municipal garages, storage sheds,

community halls, curling rinks and other
Iiro'f'rts, please write to . . .

PLYWOOD MANUFACTURERS
ASSOCIATION OF B.C.

550 Burrard Street, Vancouver 1, B.C.

FIR PLYWOOD MARKED ( PMBC EXTERIOR ) HAS WATERPROOF GLUE

Western Softwood Plywood is Also Available and is End Marked "PMBC Waterproof Glue WSP.'

Gheck these

DORMAN
DIESELS
plus poínts

PROVEN IN RUGGED
CANADIAN CONDITIONS

* Advanced-design diesels—Wide power range 20

h.p. to 455 h.p. Generating sets iO kw. to 200 kw.

* Maximum degree of standardisatlon and In-

terchangeability of parts

* Economical, efficient and competitively priced

* Service and Immediate availabílity of spares

keeps "down time" to a minimum

Here in Canada DORMAN Diesels have been accep-

ted on the merits of their proven working under really

tough conditions. As an example, we have been

awarded a contract to supply 44 of our "L" range en-

gines for powering a new micro-wave radio link for

Canadian National Telegraphs between St. Johns.

Newfoundland, and Sydney, N.S.

These engines range from 20 to 120 h.p. and many

of them will have to run up to 6 weeks wlthout

any human attention in remote unattended sites.

This is the kind of performance which keeps operators

and engineers throughout Canada enquiring about

Dorman Diesels.

In addition to comprehensive stocks of spares

held by our service agents for immediate deliv-

ery, engines are also available.

* Write for full details of DORMAN DIESELS and

list of Sales and Service Agents to :
—

DORMAN DIESELS

CANADA LTD
80 QUEEN ELIZABETH BOULEVARD, TORONTO II

( Manager: Kcnncth C. Wilkcsl

Cabics: DORMAN TORONTO Tel: Chfford 1-3642

AGENTS THROUGHOUT CANADA
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• LIBRARY NOTES
(Continued from page 99)

LA COMMANDE ELECTROMAGNETIQUE
ET ELECTRONIQUE DES MACHINES-
OUTILS, 2lEME ED.

The problems raised by the electro-

magnetic and electronic control of

machine tools are covered in this manual.

The first part discusses general theory,

the types of motors used, and speed

regulation. Part two is concerned with

electro-magnetic control and covers

choice of motor and electric apparatus.

Electronic control is considered in the

last section, which covers electron tubes,

thyratrons, servomechanisms, etc. Control

plans for both methods are discussed.

(A. Fouillé and others. Paris, Dunod,
1959. 332p., 3900 fr.)

RECHERCHE OPERATIONELLE : CAS

PRATIQUES ET METHODES

Translated and adapted from the 1956

U.S. edition, this volume is essentially

a case book, showing the use of opera-

tions research. Discussed are applica-

tions in: the U.S. Air Force; British coal

mines; delays in toU-coUecting; iron ore

loading and discharging; stock control;

the Monte-Carlo method in a military

problem. Most of the articles listed in

the fourteen page bibliography appeared

in U.S. publications. (J. F. McCloskey
and J. M. Coppinger. Paris, Dunod, 1959.

248p., 2600 fr.)

PRATIQUE DE LA MESURE ET DU
CONTROL DANS l'inDUSTRIE, TOME 2

The first volume in this series covered

pressures, leveis, and flows. This volume
is concerned with the measurement of

temperature, humidity, density and
weight. The author reviews the prin-

cipies of each type of measurement, gives

examples of calculations for each im-

portant formula, and describes the work-
ings of the different types of instruments

available. There is a usefiil bibliography.

A third volume will cover calorimetric

measurement, conductivity, gas analysis,

and miscellaneous measurements. (J. Bur-

ton. Paris, Dunod, 1959. 392p., 4600 fr.)

BETON-KALENDAR 1959

This German concrete manual, now
in its 48th year, contains ali its usual

features. New material added includes

additional German standards related to

concrete and concrete construction;

arenas; elastic slabs; revised chapters on
staircases, and stretcher walls. Much of

the material is given in tabular form in

this mine of information. (Ed. by Georg
Ehlers. Berlin, Ernst, 1959. 2 vols.,

20DM.)

SYMPOSIUM ON APPLICATION OF SOIL

TESTING IN HIGHWAY DESIGN AND
CONSTRUCTION

The papers presented at this 1958
Symposium covered: highway soil en-

gineering; core drilling machines; soil

exploration and mapping in Illinois; value

of soil test data in road planning;

methods of compacting granular soils;

Ohio's typical moisture-density curves;

compaction characteristics. Of particular

interest is a paper on the investigation

of banded sediments along St. Lawrence
North Shore. (Philadelphia, American
Society for Testing Materials, 1959. 127p.

$4.00. s.t.p. no.239.)

THE LOGIC OF SCIENTIFIC DISCOVERY

The first English translation of the

1934 German edition, this text has been
brought up to date by means of foot-

notes and 150 pages of appendices. It

presents the author's picture of science

as an attempt to find a coherent theory

of the world, composed of bold con-

jectures and disciplined by penetrating

criticism. The author contends that the

growth of science depends on this in-

tellectual daring and rational criticism.

Also to be published this year is a com-
plement to this volume, Postscript: After

Twenty Years. (K. R. Popper. Toronto,

University Press, 1959. 480 p., .S7..50.)

VOICE ACROSS THE SEA

Many E.I.C. members will remember
the joint meeting held with the I.E.E.

and the A.I.E.E. to commemorate the

opening of the first Transatlantic tele-

phone cable in 1956.

NEW DRED6ING EGONOMY
THROU6H WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

^ 3 Generations of Experience in 19 Countries.

One of a large group of dredging companies
spread over three continents.

Resources include 41 dredges and 112

supporting vessels of every type and size.

Beaver Dredging will be pleased to provide

information and preliminary estimates.

COMPANY LIMITED
Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cable Address "Filling"
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This is tho non-ti-chnical story of the

layin.i; of subinariiu' cablos froni thc fivst

uttonipt in 1858, to 1956, and shows con-

\inc'in5íl>- tlio grcat progrcss which has

Ih"oii niado in tho past century. Many
wfll-known namcs were associated witli

the t-arly attenipts; Cyrus Fiold, Lord
KeKin. Samuel Morse, Thomas Edison

and OHvor llea\isido, and although the

engineers conneeted witli modorn cable-

laying seem to be hirgely anonymous,
their achie\ements are equally impor-

tant. (A. C. Clarke. Toronto, Musson,
1958. 208 p., $.3.75.)

MAN-MADE SUN: THE STORY OF ZETA

A relatively non-technieal account of

reeeiít cfforts to harness atomie energy,

euhninating in the eonstruction of ZETA,
zero-energy, thermonuclear assembly, in

which temperaturas of a million degrees

were reaehed, and maintained for a

relatively long time. The book e.xplains

the generation of power by electricity,

tlic structure of the atom and its nuclei,

thermonuclear reactions, the eonstruction

of ZETA, and future sources of power.

(I. D. Jukes. Toronto, Nelson, Foster

and Scott, 1959. 136p., $3.25.)

METAL INDUSTRY HANDBOOK AND
DIRECTOHY, 1959

The first three hundred pages of this

Handbook include data on the general

properties of metais and alloys, British

Standards, Ministry of Supply, aircraft

and Admiralty specifications. General

data and tables are included in Section

2, and information on electroplating and
allied processes in Section 3. The Diiec-

tory Section includes information on
British technical and trade associations,

a classified directory, and an alphabetical

list of firms. (London, Iliffe, Toronto,

British Book, 1959. 564p., $4.50.)

HANDBOOK OF THE AIRCRAFT INDUSTRY

The first section of this handbook
contains information on the British

aviation industry, aeronautical engineer-

ing as a career, and the training facilities

available in Britain, as well as a who's

who of prominent men in the British

aircraft industry. Part 2 pro\ides an

historical sur\'ey, and Part 3 a review of

the main aspects of aeronautical en-

gineering. Further sections deal witlr re-

search and development, guided missiles

and civil aviation. Also included are a

pictorial guide to modem aircraft, con-

densed technical data, a glossary of

aeronautical terms, and a list of abbre\-ia-

tions. (Ed. by J. L. Nayler and T. F.

Saunders. London, NewTies, 1958. 34 Ip..

35/-)

ANALYSIS OF STRAIGHT LINE DATA

Intended primarily for engineers and
physical scientists interested in doing

their own analysis, ratlier dian reKing

on a statistician, tliis volmiie co\ers in

detail the analysis of experimental data

which can be described in temis of linear

relationships. Emphasis is placed on the

choice of the best method of anahsis

to use, and the influence of the assumed
statistical model on tlie success of the

analysis. Each subject is introduced with

data from an actual experiment, and the

topics covered include: classical model.

.V known without error, \ariance of y

constant; samples from bivariate normal

populations; several lines, analysis of

variance; orthogonal polynoniials; tho

use of transformations; cumiilative data.

the fading line. There is a useful biblio-

graphv. F. S. Acton. New York, \\'ile\

.

1959. '267p., $9.00.)

GLIDING: A HANDBOOK ON
SOARING FLIGHT

The author of this volume is Chief

Flying Instructor at a British Gliding

Centre, and in the first section lie

explains e^erything a beginner needs to

know before flying solo. The second

section contains further instruotion, in-

cluding chapters on safe flying in higli

winds, aerotows, stalling, spinning and

t\nning. The final section is for the ex-

perienced, and is concerned with cross-

country flying, cloud flying, soaring, in-

strument flying, longer flights, and quali-

2200 APPRAISALS

Stone & Webster appraisals of

industrial and Utilities properties

have ranged from judgment valua-

tions based on experience to fuUy

detailed and priced reports on the

basis of original cost, trended origi-

nal cost and cost to reproduce.

More than 2200 properties

with an aggregate value of over

S24,000,000,000 have been ap-

praised by Stone & Webster.

STONE & WEBSTER
CANADA LIMITED

44 King Street West — Toronto 1

917 Lancaster Biiilding — Calgary
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fications for international awards. (Derek

Piggott. Toronto, Macmillan, 1958. 261p.,

$5.00.)

THE CANAL BUILDERS

A most interesting account for the

general reader of the history of canais

and canal builders from the dawn of

civilization to the St. Lawrence Seaway.

The first canais in Egypt or Mesopotâ-

mia were built for irrigation, and later

carne the canais for navigation and city

water supplies. The author describes the

Arabian achievements in the Dark Ages,

the advances made in Italy during the

Renaissance, Brindley, Telford and the

English canais, the U.S. canais of the

nineteenth century, Suez, Panamá and
the St. Lawrence. There are several

interesting illustrations, and a list of

books for further reading. (Robert Payne.

Galt, Brett-Macmillan, 1959. 277p.,

$5.00.)

HOCKET ENCVCLOPEDIA ILLUSTRATED

This encyclopedia, the first in English

on the subject, includes inforniation on
ali aspects of rocketry: rocket power and
applications; propellants; engines; assem-

blies; components; missiles; test and
ground equipment; historical events;

biographies, etc. Each term is concisely

defined, and an explanation in a more
readable style appended. There are many
illustrations, some of which are here

published for the first time, and these

are keyed to die text by the use of

bold-faced type. Cross references are

indicated by italics. A valuable compila-

tion for both the engineer and the lay-

man. (Ed. by J. W. Herrick and Eric

Burgess. Los Angeles, Aero, 1959. 607p.,

$12.50.)

*THE DESIGN OF SHELLS

The fundamental aspects of the design

and analysis of shell structures is pres-

ented. Although the book deals at length

with the theory of the subject, it is

practical in its approach to the problems
involved, and deals with the design of

actual structures, the completion of which
are shown in photographs. Aspects treated

are the membrana theory, the differen-

tial equation of shells, symmetrical prob-

lems, the end and North shell, shells

with prestressed boundary beams, aniso-

tropic shells, plate approximations, the

balanced shear method, and end frames

and arch beams. (A. Chronowicz. To-
ronto, British Book Service, 1959. 2()2p.,

$9.50.)

*ENGINEERING STATISTICS

Statistics is presented as a science for

making decisions. Following an intro-

duction to the basic fundamentais of

probability and distribution theory, a

coverage is provided for both the theo-

retical aspects and practical applications

of the normal distribution; the Chi-

Square, t, F, Binomial nad Poisson distri-

butions; significance tests, tests about

one and two parameters; estimation; fit-

ting of straight lines; analysis of variance;

quality control and sampling inspection.

Liberal use is made of Operating

Characteristics Curves to assist in grasp-

ing more difficult statistical concepts,

and selected examples are used to solve

a wide variety of typical enigneering

problems. (A. H. Bowker and G. J.

Lieberman. New York, Prentice-Hall,

1959. 585p., $11.00.)

"SYMPOSIUM ON PAPER AND PAPER
PRODUCTS

Seven papers intended to acquaint the

paper technologist with some of the new
developments in paper technology and
the methodology which has been evolved.

Synthetic fiber papers, internai bonding
of paper, and Clupak paper are among
the topics discussed. (Philadelphia,

American Society for Testing Materials,

1959. 7.3p., S.t.p. no.241, $2.75.)

"SYMPOSIUM ON STABILITY OF
DISTILLATE FUEL OILS

Eight papers dealing with the resLst-

ance of fuel oil to breakdown or de-

composition. The papers discuss stability

problems, past and present, and measures

SEWAGE
PUMPS

• Capacities to over 10,000 GPM—
Heads to 250 ít.

• Maximum interchangeabílíty of

parts

• Rotor removable from couplíng end

— píping and driver not disturbed

• Oversized suction nozzle—

rotatable discharge

•. Non-cloggíng ímpeller with large

passages

• Hardened chrome steei sleeve

• Horizontal or vertical mountíng

available

MONTREAL OTTAlWA

EFFICIENCY

LONG LIFE

«

DEPENDABILITY

EASY MAINTENANCE

CENTRIFUGAL PUMPS
BABCOCK-WILCOX AND
GOLDIE-McCULLOCH LTD.

GALT, ONTÁRIO
TORONTO • CALGARY VANCOUVER

Nova Scofia Agents: Austen Bros., Ltd., Halifax

i
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MADE IN

CANADA

At Jerguson you get a

Complete Line

of Liquid Levei

Gages, Valve$

and Specialtíes

Working closely with the men in the
field, Jerguson has developed a complete
iine of specialized gages, valves and other
equipment to meet the specific needs of
the chemical and petrochemical industries

for the observation of liquids and leveis.

Available in stainless, monel, nickel, has-

telloy and many other materiais . . . with
rubber, neoprene, lead, teflon, Kel-F, and
other linings . . . in a variety of end, side

or back connections.

Reflex and Transparenl . With a variety of
valves for ali installations.

Larqe Chamber Goges . Minimize boiling

and surging effect. Both Reflex and
Transparent; also with non-frosting gage
glass extension.

Heated and Coo/ed Goges and Valves . Com-
plete line of heated and cooled gages and
valves, in various models, both Reflex
and Transparent.

Non-ffosfing Gages . Patented design pre-
vents frost building up ©ver vision slot.

Welding Pad Goges. Weld right to liquid

containing structure and become an in-

tegral part of it. Can be staggered for
continuous visibility.

Illuminators . Explosion-proof construction,
UL approved.

Group G /nsffu/nen> Pfping Valves . Unions,
nipples, reducers, elbows, tees, valve and
bleed valve ali combined in one space-
saving unit.

Wrile for Data on Jerguson Products for Chem*
ital and Petrochemital Processing.

Boi/f in Canada

á Jerguson Gage & Valve, Ltd.

: PEACOCK BROTHERS LTD.
P.O. Box 1040, Montreal 3, Quebec
Bronches in Sydney Toronto Sudbury

V/innipeg Edmonton Colgary Vancouver

to rclic\'e them. (Philadelphia, American
Society for Tcsting Materials, 1959. 56p.,

$2.75, S.t.p. no.244.)

"the effect of radiation on
materials vol. iii

Papers providing new data on do?i-

metry techníques; radiation facilities and
techniqiies; and radiation effects on reac-

tor materiais and various other materiais.

(Philadelphia, American Society for

Testing Materials, 1959. 169p., $4.25.

S.t.p. no.233.)

*REPORT ON PROPERTIES OF CAST IRON

AT ELEVATED TEMPEHATURES

Report on properties of six commercial
low-alloy gray irons, and of one un-

alloyed ferritic nodular iron, evaluated

at 800°F and at 1000°F by means of

tensile tests, creep-rupture tests, thermal-

shock tests, growth tests and metallogra-

phic examinations. Tests showed that

the alloys are promising for applications

involving thermal shock at temperatures

up to 800°F, but not at 1000°F. Develop-
ment of alloys suitable for use to 1000 °F
appeared possible. (Philadelphia, Ameri-
can Society for Testing Materials, 1959.

90p., $4.25. S.t.p. no.248.)

"the structure of METALS

Modern concepts of the electron theory

of metais are described. This is followed

by a discussion of the experimental tech-

níques which have been developed to

test the theory, and to establish such

factors as width of the valence band,
shape of the "density of states" curves,

shape of the Fermi surface, and the

numbers and signs of charge carriers in

electrical conduction. The dislocation

theory of plastic deformation is then
presented, and the experimental tech-

níques assocíated with it described. The
papers in this book constitute lectures

given at the Institution Metallurgists

refresher course in 1959. (Toronto, Bri-

tish Book Service, 1959. llSp., $6.00.)

''OPEHATIONS RESEARCH

This text begins with a brief survey

of the elements of probability theory,

including the concepts of probability of

an event, randon variable, probability

distribution, and conditional probability

distribution. Sampling is then discussed,

and an introduction is given to the

Monte Carlo method of simulated sampl-

ing. Succeeding chapters present various

problem áreas in operations research,

specifically, inventory, replacement, wait-

ing lines, competitive strategies, alloca-

tion, sequencing, and dynamic program-
ming. (M. Sasieni and others. New York,

Wiley, 1959. 316p., $10.25.)

"SURVEYING, 4tH ed.

In addition to the basic principies of

surveying, sufficient information is pro-

vided to develop a sound working knowl-
edge of special surveying topics such

(Contimied on page 107)

. . .to serve

Canada's dynamic

construction

industry

Burlington
Steel
Co., Ltd.
Hamilton, Canada
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• LIBRARY NOTES

(Contiiittcd frotii page 104)

as photogrammetry and tlic use of

iccurate design topographic maps for

cl{'tcrmining earthwork qiiantities. In

tiiis edition not only have changes been

made to bring the book up-to-date, but

major changes in the presentation have

hven made as well. This is particularly

tiue in the case of modem surveying

(•(liiipment and practices, which are in-

troduced early in the book. (H. Bouchard
md F. H. Moffitt. Scranton, Interna-

tional Textbook Co., 1959. 664p., $10.50.)

SAMPLING INSPECTION TABLES, SINGLE

AND DOUBLE SAMPLING, 2nD. ED.

The previous edition presented a work-

ing set of samphng inspection tables

for control of quahty and economy of

inspection within a manufacturing plant.

In addition to these tables, the present

edition contains a collection of "Proba-

l)ility-of-acceptance" curves called Oper-

ating Characteristic curves. These curves

niay be used to determine how particu-

lar sampling plans chosen from tlie tables

will operate for ali possible leveis of

presented quality. The use of the sampl-

ing tables is discussed, and a new chap-

ter is included which discusses the prac-

tical significance of the Operating

Characteristic curves. (H. F. Dodge and
H. G. Romig. New York, Wiley, 1959.

224p., $8.00.)

'international association for
bridce and structural engineering,

publications 1958

Papers dealing with such topics as

analyzing deformations of plane trusses,

general instability of low framed build-

mgs, bending of a sectorial plate, stabi-

lity of pony-truss bridges, stability of

rib-reinforced cylindrical shells under

lateral pressure, cyclic loading of portal

Irames, analysis of thin elastic shallow

segmented shells, and a model con-

tinuous beam bridge with steel deck.

l^xpers are written in English, Frendi

and German with summaries of each

paper in ali three languages. (Switzer-

land, Verlag Leeman, 1958. 296p.,

40 Swfr.)

"SERVOMECHANISMS AND REGULATING
SYSTEM DESIGN. VOL. 1, 2nD. ED.

The nature of the feedback control

system problem is described and an

analytical approach to servomechanism

and regulator design is presented. Em-
phasis is placed on the coinplex plane,

the attenuation-frecjuency, and root-locus

methods of control system analysis of

both simple and more comple.x systems.

In conjunction with the multiple-loop

systems, techniques are described for

complicated control problems with sim-

plified analysis methods. The use of

these methods permits the designer to

arrive at a workable design fairly readily.

The present edition rcflects recent ad-

vances within tlie field. (H. Chestnut and

R. W. Mayer. New York, Wiley, 1959.

680p., $11.75.)

"hIGH TEMPEHATURE MATERIALS

A summary of the state of knowledge

as well as of recent developments in the

field of materiais for use at temperatures

above 1500 °F. The characteristics of

nickel- and cobalt-base alloys and cer-

mets are sunimarized and the factors

tliat control their performance are in-

dicated. This is followed by a discus-

sion of refractory metais, and of disper-

tion hardening as a means of obtaining

high strength. The concluding portion

of the book deals with gas-metal inter-

actions and considers vacuum melting

and its effects on properties, the effect

of testing environment on properties,

and oxidation resistance. The papers in

this book constitute the proceedings of

a conference held in Cleveland, Ohio in

1957. (Ed. by R. F. Hehemann and G.

M. Ault. New York, Wiley, 1959. 544p.,

$17.50.)

"ground water hydrology

An accoimt of ground water hydrology

that presents the fundamentais of the

subject as well as recent methods being

used in the field. The basic quantitative

aspects relating to use, occurrence, move-

ment, water wells, and ground water

leveis are followed by discussicms of

ground water quality, conservation of

ground water, methods of investigating

ground water by surfacc and subsurfacc

procedures, artificial recharge, and sea

water intrusion. A review is also given

of the various types of laboratory model

and numerical analysis studies. (D. K.

Todd. New York, Wiley, 1959. 336p.,

$10.75.)

TECHNICAL BULLETINS AND
PAMPHLETS RECEIVED

Aircraft

Pressure distribution and force measure-
ments on a VTOL tilting wing-propeller
model; part 1: description and tabulated
results. by J. A. Dunsby and others.
Some data on elevator damping and stiff-

ness derivatives on a delta wing aircraft
model at supersonic speeds by K. J.

Ruckeman. Ottawa, N.R.C. , National Aero-
nautical Establishment. 1959. (LR-252, LR-
250).

Beams and girders

Normal mode analysis of beams of non-
uniform cross-section with tabulated re-
sults for some linearly tapered clamped-
pinned beams, by R. S. Julius and S. Ran-
ta Ottawa, N.R.C.. National Aeronautical
Establishment, 1957. (LR-210).

Bibliographies
Bibliography of periodical literature on
Canadian geography, 1930-1955; part 3.

Quebec and Ontário. Ottawa, Geographical
Branch, 1959. (Bibliographical Series No.
22) 50c.
City planning: a basic bibliography
with special reference to civil en-

Specify

rORMSPRAG

and get

this

uníque

3-way clutch

performance

OVER-RUNNING— continuous free wheeling with low drag

INDEXING (i nching)—fast and accurate

BACKSTOPPING— non-reversibilíty wíthout backiash

MANY sprags (wedges) form the heart of

the FORMSPRAG clutch. In over-running,

Indexing and backstopping actions, they

combine fo give a powerfui grip—Instantly

—oround the full circumference of the shaft.

Formsprog's exclusive, patented principie is

unilmited in application, yet this full-

complement sprag type clutch is extremely

simple in design and operation, There is a

size and model Formsprag clutch for every
application.

If you have work that coIls for over-

running, indexing or backstopping, ask

RENOLD about FORMSPRAG clutches. They
are made especially for your type of job.

Ask for catalogue.

<Tira

RENOLD CHAINS CANADA LTD.
MONTREAL
QUEBEC

TORONTO
tONDON

HAMILTON
WINNIPEG

VANCOUVER
THREE RIVERS
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Peerless Rug Co. Ltd., Acton Vaie, Que.
Pictured above is one of seven Volcano Starfíre automatic boilers supplying process

steam at the Peerless Rug Company plants, Acton Vale, south of Montreal. This

manufacturer of synthetic and woollen carpeting requires absoiutely dependable
sources of heat to maintoin the high standards
for which Peerless rugs are widely known. Hot
v/ater and steam used in manufacturing pro-

cesses at Peerless Rug are obtained from
three 60 HP low-pressure, two 150 HP high-

pressure. and two 250 HP high-pressure Vol-

cano automatic boilers.

4^

• Starfíre Automatic Boilers Reduce
Costs and Breakdowns

• Most modern combination boiler

and oil-or-gas firing unit — 9 H.P,
to 500 H.P.

• A complete unit — compact design
fits into small boiler-room space —
and easy to install.

• No foundation or large chimney
needed (requires only vent pipe to

clear surrounding building) — con-

nect to steam, water, fuel and elec-

tric lines—and it's ready to operate.

• Economical.

Wore \han a cenfury

of specialized experience

VOLCANO LIMITED
8635 St. Lawrence BIvd., Montreal, Que.

Works: St. Hyacinthe, Que.

Branches: Toronto • Quebec City

Sales and Service Represenfat/ves

in ali principal cities

CANADA'S LEADING MANUFACTURER OF AUTOMATIC HEATING EQUIPMENT

gineering and lana surveying, by G. C.
Bestor and H. R. Jones. Sacramento, Calií.
Council of Civil Engineers and Land Sur-
veyors, 1957.
Pumped storage for hydro-electric power;
a selected list of references in English.
Knoxville, Tennessee Valley Authority,
Technical Library, 1959.

Canada. Mining
Coal mines in Canada. Ottawa, Dept. of
Mines and Technical Surveys, Mineral
Resources Div., 1959. (Operators list 4). 25c.

Chloride Salt

Ice melting properties of chloride salt
mixtures. Wash., N.R.C., Highway Re-
search Bd.. 1959. (BuUetin 220). 50c.

Concrete reinforcement
Reinforced concrete design handbook of
the American Concrete Institute, 2d ed.
Detroit, American Concrete Institute, 1955.

Helium
The story of the early days of the extrac-
tion of helium gas from natural gas in
Canada, 1915-1920, by J. Satterly. Ottawa,
Mines Branch, 1959. (Information Circular
no. 105.) 25c.

Industrial resources
Man and raw materiais, by E. W. Pehrson.
Phila., ASTM, 1958. (Edgar Marburg
Lecture, 1958.)

Muskeg
Muskeg access: the slipe-haul method, bv
J. Cuthbertson and N. W. Radforth.
Proceedings of the fifth muskeg research
conference, 4 March 1959. Ottawa, N.R.C.,
Associate Committee on Soil and Snow
Mechanics, 1959. (Technical memoranda
nos. 58 and 61.)

Permafrost
Proceedings of the permafrost research
conference at the Bldg. Res. Centre, Ot-
tawa, March 27, 1958. Ottawa, N.R.C., As-
sociate Committee on Soil and Snow
Mechanics, 1959. (Technical memorandum
no. 60.)

Science. History.
From Euclid to Eddington; a study of
conceptions of the externai world. by Sir
E. Whittaker. New York, Dover, 1958. $1.35.

On mathematics and mathematicians, by
R. E. Moritz. New York, Dover. 1958. $1.95.

Philosophy and the physicists. by L. S.

Stebbing. New York, Dover, 1958. $1.65.

The philosophy of space and time, bv H.
Reichenbach. New York, Dover, 1957. $2.00.

Slabs
The freezing and melting times of slabs
and cvlinders. by D. C. Baxter, Ottawa,
N.R.C., 1959. (Méchanical engineering re-
port MK-1).

Soil mechanics
Proceedings of the twelfth Canadian soil

mechanics conference, Dec. 8 and 9, 1958.

Ottawa, N.R.C., Associate Committee on
Soil and Snow Mechanics, 1959. (Technical
memorandum no. 59.)

Technical writing
Writing and pubhshing technical book:
how to prepare manuscripts of business.
industrial, engineering and Professional
books—and how to arrange for their pub-
lication. New York, Dodge, 1959. Free.

Turbines
Untersuchungen íiber den Ventilations-
verlust von Turbinenriidern, by P. Suter
and W. Traupel. Zurich, Verlag Leeman.
1959. Sw. Fr. 6.

Wave mechanics
A drift monitoring system and a rapid
calibrating technique for the capacitive
wave prdfile recorder, by R. J. Harron.
Ottawa, N.R.C., 1959. (Méchanical en-
gineering report MI-818.\.)

New Jounial
The Institution of Méchanical Engineers
announces publication of a new quarterly.
the Journal of Méchanical Engineering
Science. Its ob.iect is to permit effective
reporting of contributions of a specialized
and scientific nature, prepared by autliors
engaged in fundamental research in the
field of méchanical engineering. The sub-
scription will be £3 a year. A copj- of
the first issue is on file in the E.I.C.
Library, for members to examine.
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Dexíon (Canada) Limited announces the

opening of a new Montreal office and
warehouse at 5085 Cote de Liesse Road.

International Rectifier of Canada, Ltd.

has opened an Ottawa office at 1581

Rank Street.

Conference Schedule

Institute of Radio Engineers, Aeronauti-

cal and Navigational Engineers, East

Coast Conference, Baltimore, Md., Oc-
tober 24-26.

Institute of Radio Engineers, Electronic

Devices Meeting, Washington, D.C.,

October 27-29.

American Institute of Chemical En-
gineers, Sheraton Palace, San Francisco,

December 6-9.

The Canadian Chromalox Company Lim-
ited has introduced their new electric

cabinet convector heaters. Constructed

of heavy-gauge metal, these imits are

designed to permit easy air access

through the bottom louvers.

Graver Water Conditioning Company (A

Division of Products Tank Line of Can-
ada, Ltd.) has developed a spur-gear

drive for heavy-duty applications of the

Rota-Rake clarifier and thickener. The
Rota-Rake is a horizontal flow water

and liquid-treatment unit for gravity

sedimentation and sludge thickening.

Conference Schedule

American Oil Chemists' Society, Fali

Meeting, New York, October 17-19.

The 1959 Gilbreth Medal Award of

the Society for Advancement of Man-
agement was presented to Gerald B.

Bailey of Woods, Gordon & Co., To-
ronto, at the society's 14th Annual
Management Engineering Conference in

New York.

Sarnia Scaffolds Limited, with head
offices at Berryman Avenue, St. Cathar-

ines, Ontário, and branch offices across

Canada, will continue the scaffold busi-

ness established by Sarnia Bridge Com-
pany Limited and Sarnia Scaffolds

(Western) Limited, distributing the same
products and specializing in the sale and
rental of equipment to the construction

industry.

Canadian National Railways reports the

foundations for steel work have been
completed and the Dominion Bridge

Company is ready to erect steel on their

new 17-storey headquarters office build-

ing at the comer of Mansfield and La-
gauchetiere Streets in Montreal.

The Canadian Choromalox Company
Limited announce their new catalogue

CC-59 showing the latest developments
in the home, commercial and industrial

electric space heating applications.

Copies available free, on request.

Design Engineeríng's directory of sup-

pliers for 1960 will soon be available

to assist the design engineer in his

choice of materiais and where to buy
them.

Bepco Canada Limited's Bepco Journal

treats of electro-mechanical brakes in

the September issue. For the Bepco
Journal or literature on Bepco products

write to the head office at 4018 St.

Catherine St. West, Montreal.

Standard Wire and Cable Limited, To-
ronto, have just issued a one-page price

list which enables the purchasing man
to shop for a whole range of products

at a glance.

Armco Drainage and Metals Products

of Canada Ltd. report the successful

use of a large flat-bottom corrugated

metal underpass structure to carry small

farm lanes and service roads under limi-

ted access highways.

Industrial Research Magazine (summer
issue) describes applications of new de-

vices being developed by Underwater
Manipulators for keeping waterways ice-

free in winter, aerating ponds and
lakes, controlling waves, communicating
through water, and mining the ocean-

bottom.

Canadian Applied Research Limited an-

nounce the introduction of the ANADAC

(Automatic Navigation Display and

Computer) series of dead reckoning

navigation instruments. These are de-

signed and manufactured by CARL who
also produce ice detectors designed for

airframe and engine intake installations.

The Master Builders Company Ltd., To-

ronto, have available a free BuUetin

MBR-P8 containing twelve case histories

of tunnel concreting.

Warnock Hersey Company Limited have

published the first issue of their house

magazine W. H. News, which deals with

liidden problems of seaway construction.

Creosote Information Bulletin, Vol. 2

No. 5, published by the coal tar products

division of Dominion Tar and Chemical

Company, Limited gives a through des-

cription of leaching (insect burrowing/

in untreated wood used for marine

piling.

Canadian Dexion News, Vol. 3 No 3,

describes with pictures many uses for

Dexion slotted angles and grid. They
can be quickly assembled and are rust-

proof and lightweight. For catalogue and

price list write Dexion (Canada) Limited,

114 Clayson Road, Toronto 15.

Gypsum, Lime & Alabastine Limited's

summer bulletin Vol. 27, No. 2 entitled

Bevel Gears; Spiral

Bevels up to 34" dia;

High Speed Spiral Bevel
Gear Units; Triple-

Reduction Bevels;
Epicyclic Gears; Racks
and Pinions; Spur,

Helical and Worm Gears;
Complete Gearbox Units

Standard or Special.

Gears
every type . . . every size

Enginee^rs the worid over know fhe

precision of our work

EXPERIENCE IN EVERY FIELD is the answer

. . . thís experience ís available to YOUl

We ensure quick delivery of ali Gear Unifs

Reid Every type . . . every size . . . for every need

THE REID GEAR CO. LTD. LINWOOD, RENFREWSHIRE, SCOTLAND
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"Tlu- Clcarini; IIousc" describos and
illustratos ornamental plaster vvork in

churchcs and othcr buildings.

American Air Filter Company of Canada
l.ld. luís roleased a new prodiict biil-

li'tin ilescribing the diaracteristics and
operation of tlie Ajiierelone dry, centri-

fnsíal dust collector. This Bullctin 291A
is aNailahle iipon reqiiost from the com-
pany at KK) Stinson Blvd., Montreal 9.

James Ilowden & Company of Canada
Ltd., 1510 Birchmount Road, Scar-

boroiigh, Ont., has a 16-page brochure

a\ ailable illustrating how fuel costs can

be reduced vvith the Package Ljungstrom

Air preheater.

• MONTH TO MONTH
(Continiicd from page 91)

Miliie, James R. B., Kenogami, Que.

Palmer, Byron C, Toronto, Ont.

Pouliot, Adrien, Que., Quebec.

Sawyer, John E. B., Vancouver, B.C.

Smith, Joseph A., Montreal, Que.

Ulrich, Victor G., Vancouver, B.C.

Juniors

Ayukawa, R. N., Regina, Sask.

Blair, Robert H., Oakville, Ont.

Boileau, G. G., Hull, Que.

Brazeau, Gerard, Montreal, Que.

Brillon, Michel, Westmount. Que.

Brooy, ^^'alter J., Toronto, Ont.

Cárter, Donald C, Valois, Que.

Clarabut, John F., Petawawa, Ont.

Curry, Robert G., Spragge, Ont.

Eyolfson, O. L., Montreal, Que.

Fredryk, Ernest D., Hamilton. Ont.

Gauthier, G. M., Montreal, Que.

Gould, Angus J., Morrisburg, Ont.

Hay, Ranald L., R.R. 2, Mono, Ont.

Higgins, Charles W., Jersev Citv, N.J.

U.S.A.

Jmiiors

Hyslop, Har\ey R., Ottawa, Ont.

Johnston, George F., Asbestos. Que.

Kirkland. James G., London, Ont.

LeBlanc, Paul E., Ottawa. Ont.

Lind, Xiels C, Urbana, 111., U.S.A.

McCully, Gerald R., Ottawa, Ont.

McGowan. James F., Sillery, Que.

Mollo-Christensen, S., Montreal, Que.

Morrison, Robert N., Montreal, Que.

Mulder, T. E., Vancouver. B.C.

Polischuk, R. H., Montreal, Que.

Rowledge, Joseph J. S., Buniab\', B.C.

Smythe, William D., Peterborough,

Ónt.

Stretton, J. A. J., Kitimat, B.C.

Str\ nadka, John, ^'ancouver, B.C.

Talbot, Guy. Quebec, Que.

Townson, Arthur, Inkster, Mich..

U.S.A.

Zakaib, Lorne J., Montreal, Que.

Students

Baron. Claude R., Ottawa, Ont.

Beare, John W., Winnipeg, Man.
Besant, Robert W., Xorwood, Man.

Brunet, Robert, Montreal, Que.

Baj. Casimir. Montreal, Que.

Chenier, George E., Plantagenet. Ont.

Chiasson, R. M., Montreal, Que.

Churchill, R. J., Dartmouth, N.S.

Cloutier, B. R. F., Ottawa, Ont.

Comtois, Gerard J. P.. Quebec. Que.

Cormier. Rene, Montreal, Que.

Diab, Edgar W., Halifiix, X.S.

Drummond, A. M., \"ancouver, B.C.

Fletcher, Thomas B., Saskatoon. Sask.

Giannetti, Alfred. Montreal. Que.

Gross, Harrv, Toronto, Ont.

Hallas, H. G. B.. Kingston. Ont.

Jenkins, Garth H.

Jew, \. S., Prince Rupert. B.C.

Lawless. Arnold A., Toronto, Ont.

Lunder, Jakob, \'ancou\er, B.C.

MacLean, Donald X.. Calgary. Alta.

Major, J. L.. Montreal. Que.

McAthey, Gordon R., \ ancouver, B.C.

Parkinson, John P., Edmonton, .\lta.

Pri\es, Eric, U. M., Montreal, Que.

Russell, William R., Toronto, Ont.

Schmidt, Jean G., Montreal, Qvie.

Sn\der, Robert B.. Sa.skatoon, Sask.

Stra\ ele\ . Douglas E., Kenora, Ont.

Widholm. O. R., Scandia, .\lta.

%^mu-W0 demands-and deserves-the very best. In and out of

showers, as she often is, she even knows the name— which is

Rada. A Rada shower— exhilarating, refreshing, relaxing— is a

shower controlled (the temperature, firmiy and steadily, as you
wish it) by a Rada thermostatic valve.

Rada Is not only used for showers. Everywhere— hospitais,

schools, hotéis, ships, industry—where water temperature has

to be relied on as constant, there you find Rada thermostatic

valves. The name again is Rada.

Write for pamphiet No. 154 to Walker, Crosweller & Co. Ltd.,

I6th Avenue East, Markham, Ontário; or phone Markham 277.

Our manager's name is George Starr.
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caiix build aiZiy size

ngineering; stm.ctu]:*e you iiia.3r

It would take a gargantuan Pan to lift that 25-ton
Steel Half Arch Pipe! It is 6' in diameter and 130' long
from base to tip of cone. Yet this fantastic pipe is

only one of 48 which davieship is building for the

Cargill Grain Company's new Baie Comeau grain

terminal — and only one portion of the order now

being filled for them at davieship. Other portions
include a grain warehouse, headhouse, storage bins,

hoppers, casings and shipping galleries. As you can
see, no steel fabrication is too large or too intricate for

the DAVIESHIP Engineering Division to handle! Give
US a call if we can serve you in any way.

THE BIG D STANDS FOR *BIG DA.VIE*

DAVIE SHIFBUILDING LIMITED, LAUZON, QUE.
SHIP BUILDING • SHIP REPAIRING • PRESSURE VESSELS • PENSTOCKS

GATES STEEL STRUCTURES*INDUSTRIAL MACHINERY & EQXnPMENT



E.I.C. CKRTIFICATE
OF ADVERTISING MERIT

111 thf Au.mist U)5y issuo, tlie ad-

vortisiMiient oF i\w l'uitfd States Steel

F.xport Compain was jiidged the

"best 1)\ the {ift\' leaders who weie
asked to senitinize tlie advei tisements.

Tlie ad\erfiseiiieiit oceupies pages 10

and 11.

Tlie ad\ ei tiseineiit, priiited iii bliie

ai.d hlaek. featuies the 'ONLY SPAN
OF ITS KIM) IX THE WORLD . . .

FORT ITTT BRIDCF BUILT
WITH (X)ST-SA\ING USS MAN-
TE.\ HIGH-STRENGTH STEEL."
A new jury of readers serves each

iiioiith. The menibers are asked to

select wliat thcx eonsider to be the

"best ad\ertiseinent, in the issiie

iiiider consideratioií. from the vievv-

lioints of ACCURACY— INFORMA-
l lOX and ATTRACTION.
The E.I.C. Certificate of Advertis-

iiig Merit vvon by this advertiser will

be presented to Mr. W. Jones, Man-
ager of the Advertising & Market
Development and a duplieate will be
presented to Batten Barton, Durstine

éc Osborn Inc.. the advertising agency
which prepared and placed the ad-

\ertisemcnt.

Oilly apiJll ot itd kioíl in lho woritj

New Fort Pitt Bridge buíit with cost-saving @ MAN-TEN High-Strength Steei

(^) United States Steel Export Cernfaei

UNITED STATES STEEL EXPORT COMPANY WINNING ADVERTISEMENT

Reproduced above is the United States Steel Export Company's advertisement which

was judged the "best" in the August issue by a fifty reader jury. Judging was based

on ACCURACY-INFORMATION and ATTRACTION. The copy of the advertise-

ment is concise and outlines the materiais used for the construction of the bridge.

It concludes by giving the addresses to be used to obtain complete Information on

the steels used in the bridge.

J. H. RYDER MACHINERY CO.

EASTERN LIMITED

SUPPLIERS OF

MACHINE TOOLS

and

MATERIALS HANDLING

EQUIPMENT

lYDEB
8455 Decarie BIvd. Montreal, Que.

120
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I E. 1. C. I

I ANNUAL MEETING
|

1 1960 I

Royai Alexandra Hotel,

WINNIPEG

MANITOBA

MAY 25-26-27

riiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiií;
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HOW LONG IS OSMOSE ; EFFECTIVE

ín actual servíce condítíons ?

Although we have gathered a great deal

of information about OSMOSE from

laboratory tests as well as field reports

since 1936, we still adhere to our basic

claim—that OSMOSE makes wood last

3 to 5 times longer.

We are proud of our first commercial

application. In 1936, a section of a long

flume which conveys pulpwood in the

Saguenay district was test-treated with

OSMOSE. In the 23 intervening years ali

other sections became subject to replace-

ment due to rot and have been replaced

with OSMOSE-treated wood. The original

section treated with OSMOSE (shown in

the above photo) remains to this day,

solid and free of decay.

To date the same company has con-

structed many additional miles of flumes,

with ali posts and lumber fully treated

with OSMOSE.

Many other OSMOSE jobs-bridges, dams,

flumes, polés, roofs, ties-which were treat-

ed more than 20 years ago, are still giving

safe, dependable, maintenance-free service

-prooj that OSMOSE is a simple, econom-

ical, effective field treatment for the pre-

servation of wood.

Consult our free service department.

WOOD PRESERVING COMPANY OF CANADA LIMITED

1080 PRATT AVENUE, MONTREAL, P.Q.

TRURO • TORONTO • WINNIPEG • EDMONTON • VANCOUVER
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1954 (Fraduates: Field of Scholastic Specialization ín 1954 by Employment Status in 1957
(1'ercentage Distribution)

FIELD OF SPECIALIZATIOX I.\ 195 J,

EMPLOYMEXT
sT.\rrs

to

e

e:
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V.

Chemical

Engineering

to
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Business

Engineering

Physics
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Mechanical

Engineering

to

to

to

•g

to

Sa

1

Emplovi'il Kiill Time — 93.3 97.1 97.0 96.4 82.1 88.6 81 .5 95.5 100.0 87.1 100

Employed Part Time. . .8 1 .2 1.3 3.7 4 3

Unemploved .6

Stuilent 100.0 n,7 2.1 3.6 17.9 10.1 14 8 4.5 4.3

Retired aiul Otlier 1.2 4 3

Peroentnne 100.0 100 100 100.0 100 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Nii. (if PiTsoiis Rcprcsentini; Peioentages. 1 119 236 169 28 28 79 27 22 184 23 10

.Viiiiiial Kates uf (^hange
in Employment of Engineers,
bv Emplovment Sector,
I9Õ7 and 1958-1960

Employment Sector

Kiigineers — ali sectors

'rc)tal industry
Mining and quarryirg
Manufacturing
Construction
Transportation and public Utilities

Trade and finance

Business service

Colleges and universities

Government agencies

Annual Rates of Change
in Employment of Engineers,
bv Professional Field,
1957 and 1958-1960

Professional Fid l

AU Engineers
Mechanical
Chemical
Civil

Melallurgical

Electrical

Aeronautical
Geological

Mining

Actual Forecasí

Employment Employment

Average
Percentage Percentage
Change Forecasi Change

in Employment in Employment
During 1957 1958-60

+ 10.1% + 5.5%
+ 10.5 + 5.1

+ 9.3 + 3.2
+ 11.8 + 5.5
+ 10.9 + 9.0
+ 11.3

*
+ 4.1

*

- 4.8 + 3.6
+ 11.1 + 10 3

+ 7.1 + 7.2

Actual Forecast

Employment Employment

Average of
Percentage Percentage

Change During Changes
1957 1958-60

+ 10.1% +5.5%
+12.0 +6.3
+12.2 +6.0
+ 8.3 +5.8
+13.6 +5.5
+ 8.8 +4-8
+ 9.1 +4.2
+ 12.6 +3.8
+ 6.1 +2.7

Difficulties in Recruiting Engineers by Professional Field, 1956-1960

Employers Reporting Employcrs Expecting
Total Numher Recruiting Difficulties in Recruiting Difficulties in

of Employers 1956-1957 1958-1960
Engineering Field of this

Profession Number Per Cent Numher Per Cent

Aeronautical 38 9 23 6 16
Chemical 362 59 17 25 7
Civil 474 57 12 35 7
Electrical 448 82 18 47 11

Geological 92 12 13 4 4
Mechanical 722 177 16 54 8
Metallurgical 206 36 18 25 12
Mining 205 24 12 11 5

• CANADIAN
DEVELOPMENTS

(Continued from page 86)

the 1954 graduates, as shown in the

report, undoubtedly reflects this fav-

or.rable demand situation, inasmuch
as some sectors of the economy were
able to attract young graduates and
influence their decision either to the

labour force or to undertake post-

graduate study.

Tables extracted from a preliminary re-
lease of tabulations by the Economics and
Research Branch, Department of Labour:
•ENGINEERING AND SCIENTIFIC MAN-
POWER RESOURCES IN CANADA; Their
Earnings. Emplovment and Education.
1958 ", Ottawa, August, 1959.

DECEMBER 1-7

SAFE DRIVING

WEEK

DRIVE AND WALK SAFELY
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I

Leonardo Da Vinci possessed what was possibly the most imaginative and versatile mind of ali time. He was, among other things, ati artist, an engineer, and
an inventor. Reproduced here are original sketches by Da Vinci for a foot-propelled paddle boat, showing details of gear mechanism, paddles, cam, and fl\ u heel.

IMAGINATION
In their offices and drafting rooms and in their huge, all-enclosed

yards, Canadian Vickers put imagination and creative skills to

work. Here, ships are built on a year-round basis . . . passenger
ships, destroyer escort vessels, tankers, tugs, ferries, dredges,

scows ... ali built by Canadian Vickers to play an important
role in our economy.

In their shops, Canadian Vickers also design and manufacture
machines and equipment for every imaginable industrial need . . .

thereby fulfilling their pledge: "If Industry Needs It . . . Canadian
Vickers Builds It . . . Better."

Canadian

LIMITED

MONTREAL • TORONTO

MfMBER Of THE VICKERS GROUP

Ships • Industrial Boilers

Special Machinery • Chemical Process

Equipment Equipment

Marine Equipment • Hydraulic Machinery

Mining Equipment • Pulp & Paper Equipment

Ore corrier built by Canadian Vickers
for service on the Great Lakes
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A MESSAGE

FROM

THE PRESIDENT

For many months the Council has been considering ways and means of expand-

ing the technical content of The Engineering Journal. At the same time, considera-

tion was given to the wider dissemination of the information the pubHcation contains.

After a thorough study and surveys extending from February through Aug-

ust, the Finance Committee and the Pubhcations Committee recommended, and the

Council decided that the distribution of The Engineering Journal is to be enhirged to

reach over 32,000 Canadian engineers.This will enable the pubhcation to render an im-

proved and enlarged technical service to the maximum number of engineers. Members
and non-member engineers alike will receive the Journal at no charge, as a result of

this expanded E.I.C. service to Canadian engineers. Commencing January, 1960, E.I.C.

members will not be required to pay the annual subscription for the "Journal ".

During the Fali of 1959, I visited about half of the branches, and told them

about the Institute's new policy for the circulation of The Engineering Journal begin-

ning with the January 1960 issue. However, since some branches will not have received

this information directly from me prior to the end of the year, I am having this message

printed in the December issue so that every member may know of this new policy,

and the reasons for it.

Naturally, to be successful in this enlarged area of service to the profession,

The Engineering Journal must continue to receive the support, helpful suggestions

and, most important of ali, technical papers of high quality from the membership.

Most E.I.C. members will probably read this message during the Christmas

season. May I, therefore, conclude by extending to you and your loved ones my most

sincere best wishes for a wonderful Christmas and a pleasant and successful New
Year.

Yours truly.

J. J. HANNA, M.E.i.c.

President

The Engineering Institute

OF Canada
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SllIP TO lIYimO OIJKBEC IIKRSIMIS NO.

2

Bersimis No. 2 will add another 900,000 h.p. to Quebec Hydro's capacity for
meeting the ever increasing demand for power in the Province. The site,

22 miles downstream from Labrieville on the Bersimis River, provides a gross
head of 386 feet. The tunnel for the water supply measures 38 feet in diameter
and 2,692 feet in length; the water will flow at a velocity of 21 feet per second
when ali units are operating at rated load.

Five Dominion Francis Turbines of 180,000 h.p. each, running at 163.6 rpm,
drive vertical generators of 120,000 KVA. They will produce 2,500 million
KWH annuaUy—more power than the total capacity available in Cliile.

The photograph above was taken during test assembly at Dominion to check
runner clearances between the head cover and lower ring.

Write for Bulletin 201—"Hydraulic Turbines".

DOMINION ENGINEERING
COMPANY LIMITED
HEAD OFFICE, P.O. BOX 220, MONTREAL, P.Q.

BRANCH OFFICES, TORONTO, VANCOUVER
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MEET THE AUTHORS

G. D. Campbell, M.E.I.C., Director of Technical Services,

Canadian Good Roads Association (Highway Research Ac-

tivities in Canada).
Dr. Campbell graduated in 1951 from the University of

\Ianitoba with a B.Sc. in civil engineering, and received his

\I.Sc. from Purdue University in 1952. After two years on
the staff of the Federal Department of Public Works, Ottawa,
lie returned to Purdue University where he earned a Ph.D.
degree in 1956. For the next year Dr. Campbell was engineer-

nbserver for the Canadian Good Roads Association at the

AASHO Road Test at Ottawa, Illinois. In the fali of 1957 he
w as appointed to his present position.

W. J. Pardy, M.E.I.C., assistant superintendent, Power Cable
Engineering, Northern Electric Company Limited (Edmonton
Installs Canada's First Oil-Filled Pipe Cable System).

Mi. Pardy graduated in 1944 from Queens University

with a degree in electrical engineering. He joined the Wire
and Cable Division of the Northern Electric Company Limited
US a development engineer in 1946. Mr. Purdy is a member
õf the Corporation of Professional Engineers of the Province
iif Quebec.

C. Z. Monaghan, M.E.I.C., superintendent, Electric Light
and Power Distribution System, City of Edmonton (Edmon-
ton Installs Canada's First Oil-Filled Pipe Cable).

Mr. Monaghan graduated from the University of Alberta
in 1939 with a B.Sc. in electrical engineering. He began his

LÍvic employment as a draftsman in 1940 and became super-
intendent in 1950. He has served two years on the executive
(if the Edmonton Branch of the Engineering Institute of
Canada, acted as meetings committee chairman for the
Alberta Association of Professional Engineers and been chair-

man of the Underground Committee of the Western Zone,
Canadian Electrical Association.

In 1959, he was appointed to a C.S.A. Committee on
High Voltage Power Cable.

E. L. Brown, M.E.I.C., field engineer, The ShavWnigan Engi-
neering Company Limited, Montreal (Geological Features
and Foundation Treatment at the Beechwood Development)

.

Mr. Brown graduated from the University of New
Brunswick in 1944 with a B.Sc. degree. He was employed
l)y the New Brunswick Electric Power Commission on the
Beechwood project and has since been with The Shawinigan
Engineering Company Limited on their Beaumont Develop-
ment. He is a member of the Association of Professional
Engineers of New Brunswick.

I. D. MacKenzie, M.E.I.C., geologist, The Shawinigan Engi-
neering Company Limited, Montreal (Geological Features
and Foundation Treatment at the Beechwood Development).

Mr. MacKenzie joined the Shawinigan Engineering Com-
pany in 1940 and has since worked on hydro developments
and other structures in Quebec, New Brunswick, Newfound-
land and Labrador as well as Manitoba. He is a member of
the Corporation of Professional Engineers of Quebec, the
American Concrete Institute, and the Geological Society of
America.

W. M. Newby, M.E.I.C., consulting engineer, Niagara Falis,

Ont. (The Economics of By-Product Power Generation).
Mr. Newby graduated in mechanical engineering from

Queen's University in 1940. He was employed for one year

after graduation with the Canadian General Electric Com-
pany Limited and joined H. G. Acres and Company Limited

in 1941. He became chief project engineer, Thermal Division

in 1957, a position he held until July 1959 when he began
a private consulting practice.

W. P. London, M.E.I.C., chief engineer, Thermal Division,

H. G. Acres and Company Limited (The Economics of By-

Product Power Generation)

.

After his graduation from University of New Brunswick
in 1934, Mr. London spent two years with the New Bruns-

wick Electric Power Commission and five years with the

Bathurst Power and Paper Company Limited. He joined H.

G. Acres and Company Limited in 1941 and became chief

engineer, Thermal Division in 1957.

I. W. McCaig, M.E.I.C., hydraulic engineer, H. G. Acres

and Company Limited, Niagara Falis, Ontário (Photography
and Electronics as Tools in Hydraulic Experimental Work).

Mr. McCaig graduated from Glasgow University in 1943

and served during the war on research at the Marine Aircraft

Experimental Establishment. He joined Babtie, Shaw and
Morton, consulting engineers, Glasgow, in 1946. In 1952 he
came to Canada and joined H. G. Acres and Company in

1953 where he is now in charge of the Hydraulic Section.

K. W. Gent, instrumentation engineer, H. G. Acres and Com-
pany Limited, consulting engineers, Niagara Falis, Ontário

(Photography and Electronics as Tools in Hydraulic Experi-

mental Work).
Mr. Gent is a graduate of the Institute of Civil Engi-

neers, London, England, 1934. He has held various positions

with navigation and land drainage authorities, including the

City of Westminster and the River Nene Catchment Board.

In 1947 he joined James Williamson and Partners, Glasgow
and in il948 came to Canada to work for H. G. Acres and
Company Limited, where he is now in charge of hydraulic

model studies in the laboratory and experimental hydrauhc
and stress measurements in the field.

J. N. Mustard, assistant engineer-in-charge, concrete control

department, The Hydro Electric Power Commission of Ontário

(The Use of Fly Ash in Concrete by Ontário Hydro).
Mr. Mustard graduated from the University of Toronto

with a B.A.Sc, in civil engineering in 1941. He was overseas

with the Royai Canadian Engineers from 1941 to 1946 and
has worked since with the Ontário Hydro.

At time of going to press no information was available

on Mr. C. Macinnis, Jr.E.l.C, co-author of the ahove paper.

F. S. Howes, professor of electrical engineering and director

of university extension at McGill University (Something Can
Be Done About Noise).

Dr. Howes received his B.Sc. with honours in electrical

engineering from McGill in 1924 and his M.Sc. in 1926. The
Ph.D. degree was granted by the University of London in

1929. He returned to McGill University as a lecturer in elec-

trical engineering in 1929 and was appointed director of

University Extension in 1949.

Dr. Howes is a fellow of the Institute of Radio Engineers
and a member of the Corporation of Professional Engineers
of Quebec.
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HIGHWAY RESEARCH

ACTIVITIES IN CANADA

Gordon D. Campbell, M.E.I.C. Director of Technical Services

Canadian Good Roads Association, Ottaiva, Ont.

Presented to the Seventy-Seconã Annual General Meetiny of The Engineering Instituto of Canada, Quebec City, May 23, l'Jõ8

Revised and resubmitted for publication November 1959

In lecent years the Canadian Good Roads Association has developed as the clearing
house for Canada of technical information related to roads and streets. CORA has
organized to stimulate research, publish and distribute information on technical

developments and to bring together specialísts from ali parts of Canada to discuss

and resolve common problems in their specíal branches of highway technology.

As the co-ordinating agency for road research in Canada, CGRA has compiled
and publíshed a complete list of ali road research projects currently under way or

recently completed in Canada. This list contains a description of each project, where
it is being done, by whom it is being done, the starting and completion dates, and
where the results are available. The survey is intended to co-ordinate research work,
to aid practising engineers in incorporating new findings into current practice, to

expose áreas requiring urgent attention and to stimulate new research work.

The results of this first survey indicate that approximately $1,000,000 was spent

in 1958 for road and street research and development in Canada. Thus, for every

$1,000 spent on roads and streets in Canada in that year approximately one dollar

was spent on basic or applied research. The ínitial report lists 159 individual road
research projects, each dealing with a specific technical problem, under way in

Canada today. This data, though encouraging, indicates that Canada lags well behind
the United States highway industry and other private industries in its rate of invest-

ment in road research. Research must be stepped up to solve Canada's own unique
problems and to keep pace with road development in this country.

Introduction

TWENTIETH CENTURY man is

very conscious of research. The
reason, of course, is that he knows its

value. Each year the new products of

research and development increase the

comfort of modem hving, raise the

standard of living and increase the

hours of leisure. Today we wear nylon

shirts, shave with electric razors, buy
our food in plastic containers, fly

across the country in a few hours and
drive to work or pJeasure in comfort-

able, even luxurious autoniobiles. Such
developments did not just happen.

Industries methodically set aside as

much as two per cent or more of their

total income for research and develop-

ment. 2- These large expenditures are

a proven investment which pay off in

improved products and lovver costs.

Road research and development
have lagged well behind the need.

This is evident from the deplorable

traíBc accident statistics, the congested

arterial streets and the high percent-

age of failed pavements on both the

rural roads and city streets of Canada.
Ali of these deficiencies could be sub-

stantially reduced or overcome com-
pletely through adequate planning,

better design techniques, improved
materiais and the better use of existing

materiais. We should learn the lesson

of industry and devote more time,

effort and money to road research.

This too will pay off in lower road

construction costs, lower vehicle oper-

ating costs and improved road service.

Road research also lags behind de-

velopment in other fields of engineer-

ing and civil engineering. There is a

reason for this. It was explained in

1927 by the world-famous civil engi-

neer Dr. Karl Terzaghi. In speaking
to the Boston Society of Civil Engi-

neers about one of the earliest road
research projects he said:

"The attempt of the United States

Bureau of Public Roads to establish

a basis for the design of concrete

roads by means of a condition survey

undoubtedly represents one of the

prominent landmarks in the field of

civil engineering. To lead the enter-

prise to final success requires

methods of procedure which are

fundamentally new as the methods
recently developed in the hydraulic

laboratories of Europe for solving

the problems of river improvement
and of hydro-electric power develop-

ment. As far as their essentials are

concerned their methods resemble

those which have been successfully

used in medicine much more closely

than those which are customary in

engineering. Putting these methods
into practice, therefore, requires a

thorough mental readjustment on the

part of engineers engaged in the

enterprise.

"The reason for the striking con-

trast between the high state of per-

fection of the semi-empirical methods
of medicine and the rudimentary

state of the same methods applied

to foundation engineering is essenti-

ally psychological. The rapid de-

velopment of modern engineering

was due to obtaining accurate

Solutions of various problems by
means of applied mechanics. As a

consequence, theoretical treatment of

engineering problems looked to be

so promising and so attractive that

almost ali the productive brain power
available was focused on applied

mechanics; those problems which

could not be approached from a

theoretical standpoint were simply

neglected. The result was that some
branches of engineering were de-

veloped to the very limit of per-

fection, while others remained in a

deplorably backward state. In medi-

cine and in physiolog)' there are no
problems simple enough to be
treated by means of applied me-
chanics; semi-empirical methods are

the only ones wliich are apt to give

results. Hence, from the ver\- begin-

ning, the men engaged in these fields

had to choose between remaining on

the general levei of ignorance or

developing methods for gradually

approaching the truth by s> stemati-

cally reducing the importance of

possible error. The remarkable suc-
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c-ess achieved iii nudicine and
ph> sii)lojí>' is tile best giiarantee we
havo for ultimato success of senii-

ompirical uu-tliods in foiíndation

tMijíinoei iiig."-'

li> ivferrint; to touiulatioii eiigiiíeer-

iiiií, Dr. TtMzaghi iiicludcd pavenient

design. He could just as well have
iiieluded tiafRc engineering, concrete

aiid bituniinous mix design, highway
s\ steni plaiuiing and niost of the other

phases of load engineering. The ulti-

ma te success of the semi-empirical

teehniciues referred to by Terzaghi

was pro\en by the very experiment

he referred to as a landmark in civil

engineering. The now famous Wester-

gaard formulas for concrete pavement
design, which are still in use today,

resulted from the concrete load con-

dition sur\ eys of the Bureau of Public

Roads in the late 1920's. This tech-

nique of "systematically reducing the

iniportance of possible error" is the

basis of ali road research today. It

is a logical and rational basis of work-
ing and has produced results which
form the basis of the present knowl-
edge of the art.

Once the need for research in the

United States was realized and the

techniques for conducting it were
established, there was a constantly

increasing effort devoted to advancing
road and street engineering science.

Under the direction of Thomas H.
Macdonald, the U.S. Bureau of Public

Roads provided the leadership in road

research both by undertaking numer-
ous large projects on their own and
by encouraging universities and high-

way departments to do likewise. The
Bureau also provided financial and
technical assistance for research under-
taken by the State highway depart-

ments.

By the 1940's road research in the

United States was a well-organized,

highly-developed, co-ordinated effort.

At the same time road research in

Canada was just beginning. Perhaps
the real beginning in this coimtry
dates from the work of Dr. Norman
W. McLeod for the Department of

Transport in developing a method of

flexible pavement design for airports

and highways at the end of World
War 11.^ Since that time interest has
increased substantially and road re-

search projects have been undertaken
in ali provinces of Canada.
Up to the present we have had

little knowledge of the extent of the

total road research effort in Canada.
Unfortunately, the results of much of

the work which has been done were
lost to the profession and industry as

they were not published nor given
proper distribution. Equally unfortun-

ate has been the duplication of effort

by researchers working independently

on the same problems. That is why
the Canadian Good Roads Association

is working to do away with this waste

of valuable time, effort and money.
The problem has been attacked in

three ways. Specialized technical ses-

sions have been provided at the CGRA
annual conventions where Canadian
highway engineers can present papers

for discussion and publication.

Secondly, technical committees have
been established to discuss current

problems and exchange datá. Lastly,

a road research correlation service has

been undertaken. Through the corre-

lation service a survey of road and
street research activities in Canada
has been made and a book published

detailing ali current or recently com-
pleted projects together with informa-

tion as to where results may be found.

Subsequently, the results of this sur-

vey to date, the organization for re-

search in Canada and the áreas where
research is apparently needed will be
discussed.

Value of Road Research

The value of road research has

been referred to. Before elaborating

on this subject and citing more con-

crete examples, we should first define

the meaning of research. Dr. McLeod
has defined it as follows: "Highway
research is . . . (the) search for

neiv knowledge that is to be applied

to the solution of given highway
problems (and thus) does not include

such routine activities as the testing

of materiais, traffic surveys, etc."^

Beyond this fundamental concept it

is important to distinguish between
"basic research" and "applied re-

search". Although it is frequently dif-

ficult to delimit these áreas of inves-

tigation, the following definitions may
be useful in defining the concepts:

Basic Research—Through scientific

study or criticai investigation to dis-

cover fundamental facts pertaining to

the laws governing the operation of a

process in order to formulate, test and
establish theories contiibuting to an
understanding of that process.

Applied Research—Through study

and investigation to effect immediate
Solutions to current problems or to

bring about apparent improvements
over existing conditions in the opera-

tion of a process or performance of a

material. This would include the in-

vestigation or trial, or both, of new
innovations in planning, design, con-

struction, maintenance or administra-

tion techniques currently in use by a

road department.

Both types of research are important

but by far the greatest portion of

road research can be classified as

applied. CGRA's survey and corre-

lation service includes both types and
could well be termed research and
development. Highway engineers are

not only interested in hypotheses for

the prediction of the migration of

moisture in soils but also in improved
methods for the compaction of bitu-

minous mixtures in paving operations,

for example.

The experience of others outside

Canada proves that highway research

pays off. In 1936 the State Depart-

ment of Indiana, together with Purdue
University, established a Toint High-

way Research Project at the univer-

sity. The staff of this project are pro-

fessors and research engineers who
teach postgraduate courses in high-

way engineering and conduct or

supervise research work. This work is

financed by an annual grant from the

State Highway Commission which
at present amounts to about $150,000
per year. In a progress report in

1950 Professor K. B. Woods. Director

of the project, made the following

statement:

"Summarizing the monetary bene-

fits of highway research, it is ap-

parent that any one of several com-
pleted studies is already pa\ing

dividends equal to the entire yearh"

cost of the annual highway research

program. It is likewise apparent that

the surface has only been scratched.

and there is e\ ery reason to believe

that the dividends will be much
greater in the > ears to come than in

the past.""

In support of this statement Pro-

fessor \^'oods cites several specific

examples including one finding which
alone is estimated to be saving the

Indiana State Highwav Department
bet\veen $100,000 and $200,000 a

year.

Dr. W. H. Glanville, Director of

Road Research, United Kingdom De-
partment of Scientific and Industrial

Research, indicated in 1954 that the

work of his organization had probabK
resulted in savings that run into

millions of pounds per annum.' Dr.

Glanville also noted that" ... a Select

Committee of the House of Comnions.

charged with the task of reducing

waste, recommended . . . (in 1953

as a measure of economy, the expendi-

ture on research should be increased

by 50?.

Many sénior highway officials in

Canada have long contended that it

is foolish and wasteful to do road

research in this countr\-. The>' con-

tend that the results of the largo

research programs in the l^iited States
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are available to us without cost and

it would thus be foolish for depart-

ments to waste the time of valuable

engineers on such work. This theory

has some merit but it is certainly far

from being correct. It is true that we
must utilize the work of the U.S.

researchers to avoid unnecessary

waste, but we must also do research

work of our own. The reasons for this

are obvious.

The results of applied research in a

particular area are not alvvays directly

applicable in other regions. For

example, after extensive laboratory

and field investigations a state high-

way department may establish a new
specification and test to eliminate the

use of a poor performing material. The
test would probably be empirical and
would satisfactorily discriminate be-

tween good and bad materiais for the

sources of supply in that region. If a

Canadian province blindly adopted

that specification there is a possibility

that it could exclude materiais avail-

able in that province which have
given excellent service. The reason, of

course, is that the test was developed
without studying these particular

sources of supply. Before adopting the

research results of a particular agency,

we must thoroughiy investigate them
to determine if they are applicable in

our own area.

A second reason why Canadians
must do road research is that we have
special problems of our own that

urgently require solution. Our climate

is more severe than that in either

the United States or the United King-

dom. Our soils and locally available

building materiais may also be dif-

ferent. In these cases, to be practical

and economical our design practices

may have to be different. It is natural

that we must investigate these unique
problems and develop our own
criteria. In other cases our most critica]

problems mav be much less urgent in

the United States and hence not re-

ceiving attention in that country. We
must then do the work and supply

the results to our neighbours.

A third reason for doing research

in Canada is that such programs
greatly aid in the development of our

engineers and technicians. The re-

search-conscious practising engineer is

more likely to profit from the lessons

of experience than the engineer who
does not seek to learn the reasons

behind observed phenomena. The
university professor engaged in re-

search is usually better infomied and
hence a better teacher. Road research

in the universities will also increase

the supply of graduate engineers for

our highway departments and improve

their quality.

In Canada we have the qualified

engineers in our highway departments

and universities to do this needed

research. It is also apparent that these

men know the problems requiring in-

vestigation. One has only to read the

Proceedings of the Canadian Good
Roads Association for the past two or

three years to see this. These men
need only the time, budget and en-

couragement to get on with the job.

CGRA'S Role in Research

Two of the basic aims of the Can-

adian Good Roads Association, as

stated in its constitution, are:

1) To encourage the development

and improvement of methods of plan-

ning, design, construction, mainten-

ance, operation and administration of

roads and streets in Canada;

2) To advocate the development of

technical skills in ali branches of the

highway sciences through . . . dis-

semination of information.

The principal function of CGRA
today is to serve as the co-ordinator

of road and street research in Canada
and as the clearing house for tech-

nical information in this field. The
Engineering Institute of Canada and

other national organizations should

continue to publish and distribute

articles on highway developments.

They might even expand their efforts

in this direction. However, the annual

expenditures on roads and streets in

Canada now exceed the one billion

doHar mark. This is one of the largest

industries in our country. It is there-

fore necessary to have one central

agency devoted solely to this industry

to collect and distribute ali informa-

tion on new developments and pro-

vide a fórum for discussion and reso-

lution of common problems. CGRA is

a non-political, non-profit organization

which provides the common meeting

ground where technologists of both

government and industry can con-

tribute equally to the development of

the highway sciences. In this regard,

CGRA serves Canada as the High-

way Research Board does the United

States, or the Road Research Labor-

atory does the United Kingdom.
A brief look at the 1960 Organiza-

tion Chart of the Canadian Good
Roads Association will illustrate how
these functions and objectives are dis-

charged. The 25-member Board of

Directors this year is under the chair-

manship of our president, Hon. Fred
M. Cass, Minister of Highways of

Ontário. Members of the Board repre-

sent ali segments of the Association's

membership, which includes govern-

ments, industry and universities. The

Operating Committee also has 25mem-
bers who are responsible to the Board

of Directors for the implementation of

its policies. The present chairman of

this group is Mr. Norman H. Bell,

President of The White Motor Com-
pany of Canada Limited. The Asso-

ciation has nine permanent staff

members, including two engineers,

working under our Managing Director

Mr. C. W. Gilchrist.

The Joint Committee on Uniform

Traffic Control Devices for Canada
was convened by CGRA in May 1956

to produce a manual containing

recommended standard signs, signals

and pavement markings for ali roads

and streets in Canada. It is jointly

sponsored by CGRA and the Canadian

Section, Institute of Traffic Engineers,

and includes representatives from each

province, the major municipalities,

the Government of Canada and inter-

ested national associations such as

The Engineering Institute of Canada.

The new Manual, which has been

published by and is available through

CGRA, was introduced in September

1959 at the annual CGRA convention

in Vancouver. Not only has this

manual been adopted across Canada,

but already the change-over to the

new standards is taking place in ali

provinces.

The AASHO Road Test Observer

Committee was authorized by CGRA's
Operating Committee in 1955 to

observe and report upon ali phases of

the $22 million road test being con-

ducted at Ottawa, Illinois, by the

American Association of State High-

way Officials. This CGRA committee

is resDonsible for the dissemination in

Canada of ali road test information.

CGRA also has an engineer resident

on the project and working with its

staff on the research. This is an out-

standing example of co-ordinating

research to obtain the maximum
benefits from the work of others. Our
Observer Committee will endeavour

to interpret for Canada and Canadian
conditions the results of this project

when it is completed in 1960.

The Technical Advisory Committee
Information guides ali technical activi-

ties of the Association. It is composed
of 34 members who are the officers

of each of the individual technical

committees, plus six members-at-large

and a chairman and vice-chairman

appointed by the Operating Commit-
tee. Its present chairman is Dr.

Norman W. McLeod, Asphalt Tech-

nologist. Imperial Oil Limited, while

the vice-chairman is G. B. Williams,

Chief Engineer, Development Engi-

nering Branch, Department of Public

\\'orks, Ottawa.
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Thf speciali/t\l trcluiical tomiuil-

ttvs — Briilges aiul Stnicturos; Coii-

striR-tion and Maiiitoiíaiicr; Ecoiioinics,

Fiiiance and Adniinistration; Muni-
cipal Roads and Streots; Planning and
Desiijn; Safety Educatioii; Soils anti

Materials; Spocial Comniittee on Pave-

nuMit Dt-siijn and Evaluation; Traffic

and Oporations—aro eacli individnally

n'spoiisiI)Ie for preparing and conduct-

inp a session at the annual conven-
tion o{ CGRA. These committees also

undertake co-operative studies of cur-

rent problems and prepare reports for

pnblication. The committees are also

troe to call upon the Association staff

for assistance or to recommend staff

nndertakings. As a result of commit-
too work, the secretariat of the

Association is working with the

Dominion Bureau of Statistics to

establish a continuing road price index
for Canada; it is compíling a bilingual

dictionary or glossary of standard road
and Street terminology; and has com-
pleted two annual surveys of highway
dopartment engineers' salaries. Ali the

projects under vvay or completed by
the committees are too numerous to

describe in this report. However,
mention must be made of two of the

more important projects currently

under way. One is an intensive co-

operative study of pavement perform-
ance b\- ten provincial and two federa]

government departments, which has
been in progress for about one year
and is designed to develop methods
for designing new pavements and
evaluaHng the carrying capacity of

existing pavements. The second pro-

ject is an undertaking of the Comniit-

tee on Planning and Design in which
between fifty and one lumdred engi-

neers from every province will par-

ticipate. Its purpose is to develop a

manual of geometria design standards
for roads and streets. Having just

offícially started, it is anticipated

that this manual will uot be com-
pleted until 1962.

CGRA has over 700 sustaining

members. This year's convention,
which was held in Vancouver in

September, attracted over 1,200 dele-

gates, includíng several hundred high-
way engineers, administrators and
economists. More than 70 authorities

presented technical papers or par-

ticipated in panei discussions in the
nine technical and three general
sessions. The three-day convention
was preceded by two days of com-
mittee meetíngs. Such a conference
providos the best possible opportunity
for the exchange of technical informa-

tion and for the presentation and dis-

cussion of papers on Canadian road
research.

Road Reseaich Survey

The purposes of the CGRA road

research survey and correlation ser-

vice are four in number. They are:

1) To acquaint practising highway
engineers with new findings so that

research results can be incorporated

into current practice with the least

possible delay;

2) To acquaint research workers

with other activities parallel or allied

to their own investigations, thus avoid-

ing unnecessary and costly duplication

of eftort;

3) To expose those áreas of ignor-

ance which urgently require study and
investigation;

4) To stimulate and enlist support

for the research eííorts of the roads

departments, universities and industry.

In the initial survey over 100
agencies in Canada were contacted,

comprising ali major universities, Con-

sulting engineering firms and indus-

tries as well as the appropriate depart-

ments of ali leveis of government.
With the questionnaire a tentativo

subject classification was provided and
each agency was requested to supply
a brief report for each separate project

in their research program. The inform-

ation which was requested for ali

current projects, as well as those com-
pleted within the last fivo years, in-

cluded: subject classification, title of

project, brief description of scope of

work, estimated exponditure in 1958,

location of the work, names of the

investigating staff, starting and com-
pletion dates, and where Ínterim of

final reports of results are published
or are available. Supplementing the

questionnaire replies with staff inves-

tigation, a complete descriptive listing

of ali Canadian road research projects,

classified by subject, has been pub-
lished.*

Considerably more than half of the

agencies contacted reported research

programs. The pnblication, although
known to be incompleto, contains data
on 159 individual projects. The returns

from the questionnaires also indicate

that approximately $1 million was
spent in 1958 in Canada on road and
Street research and development.

These estimatos moan that for every

$1,000 invested in roads and streets in

Canada in 1958, one dollar was spent
on research and development. This

means that in Canada we are spending
on road research about one-tenth of

one per cent of our total appropria-

tion for highway construction and
maintenance. It was reported that in

the United States in 1951 about ono-

fifth of one per cent of road expendi-

tnres was allotted to research.^ This

has undoubtedly increased over the

last seven years. Thus, the rate of

exponditure for road research in the

United States is more than double the

rate in Canada. Compared to industr>',

where as much as two per cent of the

total income is invested in research

and development, our road and street

research eífort is pitifuUy small.

Although the road research eífort

in Canada is obviously inadequate,

the scope and volume of the work as

compared with but a few years ago

is most encouraging. The projects re-

ported to date cover many phases of

the highway science such as soils and
materiais; traffic engineering; eco-

nomics, finance and administration;

planning; design and bridges. How-
ever, it is important to note that

highway engineering overlaps other

branches of science and engineering.

Thus, our survey íncludes research

work being dono by such agencies as

the federal Department of Transport.

the Prairie Farm Rohabilitation Ad-
ministration, and the Ontário Dopart-

ment of Transport. The only work of

these agencies which has been in-

cluded in our compilation is that

which has direct application to high-

way technology. Deducting from our

compilation the contribution to road

research by such outside groups as

those just noted, it becomes apparent

that the amount of research either

dono directly by the highwa\- depart-

ments or sponsored b>" them in the

universities is extremeh" small for the

size of the organization. the volume
of work dono and the opportunit>-

for doing research conveniently and
cheaply.

Organization for Research

A pattorn for the organization of

highway research in Canada was pre-

sented to the 1955 convention of the

Canadian Good Roads .\ssociation hy
Dr. Norman ^^^ McLeod.^ In this

paper Dr. McLood envisaged an ox-

pansion of research in the highway
departments and universities. a greater

contribution from industry, and a load-

ing role for the Highways Division of

the federal Department of Public

Works. He saw for this federal govern-

ment dopartment an opportunitx" ti^

stimulate and assist research in the

smallor provinces. to co-ordinate work
nationally and internationall\\ to

develop good relations and a co-

operative spirit in research wítli the

provincial departments and among
them, and to act as a central store-

house for data obtainod from highway
engineering research and in\"estigation

in every part of Canada. He also

urged the do\olopment of joint high-
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way research projects similar to those

operating in the United States, where
the provincial departments finance

road research in their provincial uni-

versities. Finally, he recommended
support for the Canadian Good Roads
Association and its technical commit-
tees as a means of co-ordinating

research; presenting, publishing and
distributing technical papers; and
discussing common problems.

With one exception these recom-

mendations are gradually becoming a

reality. Interest in road and street

research in the highway departments

has increased. The Ontário Depart-

ment of Highways has joined with

Queens University and the University

of Toronto in creating a fine, active

Joint Highway Research Project. A
similar undertaking has been estab-

lished at the University of Alberta

with the support of the provincial

Department of Highways. The work
of CGRA has increased tremendously

in the past three or four years, while

other agencies are also increasing their

road research work. The federal High-

ways Division has shown considerable

interest in road research and has

supported the work of CGRA, but to

date it has not undertaken any sig-

nificant research program nor has it

assumed a major role in such activities.

Although the federal govemment does

contribute to road research through

the work of the Department of Trans-

port in developing airport pavement
design and construction techniques,

through the National Research Council

in its basic research on soil mechanics

and frost action in building construc-

tion, and the Dominion Bureau of

Statistics in assembling the facts for

transport analyses, it is indeed un-

fortunate that our national govem-
ment has not undertaken a more
substantial road research program
through the Highways Division of the

Department of Public Works.

The pattern for road and street

research in Canada as it is evolving

today is undoubtedly the most effec-

tive way of getting the job done.

Centralize the discussion, provide a

central clearing house for the ex-

change of data and results, but keep

the actual work and the workers

dispersed over the entire country. The
cheapest and most effective way to get

results is to make every engineer a

researcher and every construction

project an experiment and every high-

way svstem a laboratory.

Needed Research

Road and street engineering is no
longer an exercise in surveying. Today
it is necessary to establish the trafRc

potential of a route and evaluate its

economic justification and relative

priority. Geometric design standards

must be established for the facility in

accordance with the predicted usage

during its life. Soil surveys must be

made and aggregates sources located

and evaluated before the structural

design of the road can be determined.

The plans and specifications have to

be adapted to the materiais available.

TrafRc control devices must be plan-

ned and designed, while roadside

development can no longer be ignored

or neglected. The need for such elab-

orate planning and complex design has

been with us less than 30 years. Many
of the factors contributing to the

problem are of much more recent

origin. It is little wonder that the

science of highway engineering is in

such dire need of fundamental re-

search and development.

Today, satisfactory design tech-

niques for determining the thickness

requirements of either flexible or rigid

pavements under varying soil and

climatic conditions, road usage and
axie loadings have not been devel-

oped. The currently used tests and
specifications for selecting satisfactory

aggregates for concrete and bitumi-

nous mixtures are far from perfect.

In the field of soil mechanics, knowl-

edge of shear strength evaluation is,

to say the least, imperfect and the

methods of embankment and slope

stability analysis are still crude. The
mechanics of frost action in soils are

not fully understood and the design

criteria for preventing frost damage to

pavements and structures leave much
to be desired. Traffic engineering as a

science is still in its infancy. Research

is badly needed to develop traíHc

volume warrants for various road

design features. Traffic survey tech-

niques must be simplified and im-

proved to increase their effectiveness

and the reliability of results.

These are but a few of the problems

of the highway engineer where re-

search and investigation are urgently

required. The annual bill for patch-

ing inadequately designed or con-

structed pavements and the economic

waste of unnecessary congestion and

traffic accidents are strong evidence

that such research cannot fail to save

the people of Canada large sums of

money annually.

Our research survey shows that

Canadian agencies are making efforts

to solve those problems cited. How-
ever, the survey also shows that one

of the most important aspects of road

and street development has received

very little attention. The social and
economic effects of highway improve-

ments should receive as much study

as the problems of developing im-

proved construction materiais or traffic

control devices. It is imperative to

scientifically assess the over-all pur-

pose and objective in building roads

and streets and determine if our plans

will ultimately achieve these goals. In

the past, many of the major road im-

provements hav^e become a liabilit\' to

the communih.' and to the proxince

because, through inadequate planning,

they bred accidents, congestion and
roadside slums. Rural highway devel-

opment has been emphasized to

(Continued on page 62)
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In 1957, the City of Edmonton placed in operation the first extra high voltage
Oil-Filled Pipe Cable System in Canada. The system was expanded with a second
installation in 1958.

This paper describes the system, the design of cable and accessories, the in-

stallation and the acceptance testing. Service experience to date is discussed and
reference is made to operating conditions and maintenance procedures.

Introduction

IN 1957, the Cit\' of Edmonton
placed in operation the first extra

high voltage underground Oil-Filled

Pipe Cable in Canada. In 1958, a

second installation of Oil-Filled Pipe
Cable was completed and further ex-

pansion of the 72 kv. underground
system will take place as load growth
requires it.

Edmonton's Power Utility consists

of tvvo departments which are fully

ovvned and operated by the City.

The City Power Plant generates ali

power requirements for the City. The
Electric Light and Power Department
purchases power at the Power Plant

bus and carries out ali transmission

and distribution of this power from
the Power Plant to the customer.

In 1956, increasing load led to

plans for expansion — a new power
generating station to double or triple

the system capacity and a revised dis-

tribution system to take care of ex-

panding future requirements.

Until 1956, the highest voltage

used for transmission in the City was
13,800 volts. The duct lines, cable

system and aerial system had been
designed to accommodate the total

capacity available in the existing

Power Plant. With the advent of an
expanded Power Plant, it was neces-

sary to study the most economical
means of distributing this power
throughout a city which was rapidly

expanding. Economic studies indi-

cated the voltage levei should be 72,-

000 volts. The location of the Power
Plant in the centre of the city dic-

tated that the 72 kv. system, radiating

from the new Power Plant, should

be underground cable. (Fig. 1)

The Electric Light and Power De-
partment engineers studied the

various types of underground cable

systems, including oil-filled cable in

ducts, directly buried annoured oil-

filled cable, directly buried gas com-
pression pipe cable and oil-filled pipe

cable. A decision was made to install

the oil-filled pipe cable system, be-

cause it combined rugged construc-

tion with the lowest installed cost.

The first circuit, placed in opera-

tion in 1957, ran between the Power
Plant and the Namao Substation, a

distance of 22,000 ft., with a 1,500

ft. tie-line between the Power Plant

and the Calgary Power System. The
second circuit, completed in 1958,

ran between the Power Plant and
the Sti^athcona Bulk Station, a dis-

tance of 17,695 ft.

The Oil-filled Pipe Cable System

The system consists of three single

conductor solid type paper-insulated

cables drawn into a corrosion pro-

tected steel pipe which is filled with

insulating oil automatically main-
tained at high pressure by a pumping
plant. (Fig. 2)

Ali joints are made in manholes
and the joint casings welded to the

Steel pipe to form a continuous pres-

sure-tight system. The cables are

brought out to the terminais through

either a spreader head or a trifur-

cating arrangement. The oil in the

potheads is subjected to the same
high pressure as the oil in the pipe.

The complete system is generally pro-

vided with cathodic protection.

The System Requirements

The City of Edmonton's specifica-

tions were specific without being re-

shictive. The major requirements

were as noted below;

1. The cable to be either Oil or

Gas-Filled and in accordance with

the requirements of tlie applicable

AEIC or CSA specification. Conduc-
tors to be either copper or aluminum.

Protecti\'e covering over the cable

sheath to be provided for preven-

tion of electiolytic coiTOsion, and
cathodic protection to be used.

2. The potheads to meet the re-

quirements of "Standard for Potheads
"

AIEE No. 48 January, 1948.

3. Service Conditions

Circuit \'oltage: 72 kv. — 3 phase —
60 cps

System Neutral: Grounded
Basic Impulse Levei: 350 la*, for

cable; 450 kv. for potheads

Ampacitx": 482 amperes continu-
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ously with one two-hour peak of 642

amperes during a 24-hour period

Symmetrical Short Circuit: RMS cur-

rent 25,000 amperes max. — 10 cps

clearing time

Soil Resistivity: 80 thermal ohms per

watt per centimeter cube

Soil Ambient: Winter — 20F; Sum-
mer — 68F

4. The installation to be accept-

ance tested with d-c voltage after

completion of the installation.

5. The manufacturer to design,

manufacture, test, supply, deliver,

install, place in successful operation

and guarantee the cable, potheads

and associated accessories.

The System Components

The Cables. The cables were manu-
factured and tested in accordance

with the Association of Edison Illum-

inating Companies Specifications for

Impregnated Paper-Insulated Cable,

High-Pressure Pipe-Type. Fig. 3.

shows the details of the cable. The
conductors were 650,000 circular mil

stranded copper. The ampacity, based

on the installation conditions, is 650
amperes at a load factor of 77.15%.

In one section where the cable run

was situated on a steep slope with a

maximum grade of 35%, each in-

sulated conductor was armoured with

No. 6 AWG 57-SH aluminum alloy

armour wires which were clamped at

the splice at the top of the slope to

prevent movement of the cables and
the splice due to ratcheting of the

cables under load cycles. Because of

the increased losses due to the armour
wires, it was necessary to increase

the conductor size to 850,000 circular

mils in this section.

The conductor shielding consisted

of three metallized paper tapes. The

insulation was a 0.295-in. wall of

density graded paper using three den-

sities of paper tape. The insulation

shielding consisted of a combination

of metallized paper, aluminum-mylar
and bronze tapes.

A D-shaped brass skid wire 0.1

by 0.2 in. was applied in an open
spiral around the completed conduc-

tor to support the cable during pull-

ing-in operations.

The Pipe. The pipe used was elec-

tric-resistance welded steel pipe.

Grade A, per American Petroleum

Institute (API) Standard 5-L, 15th

Edition, March, 1956. The outside

diameter of the pipe was 5-9/16 in.

and the wall thickness, 0.258 in.

The interior of the pipe was
cleaned and treated with a preserva-

tive compound compatible with the

insulating oil used in the system.

The outside of the pipe was cor-

rosion protected as follows:

1. Shotblasted and primed with

coal tar;

2. 3/32-in. coal tar enamel;

3. Two wraps of fiberglass tape

(0.018 - 0.020 in. thick);

4. 1/16 in. plasticized coal tar

enamel;

5. One wrap of 15-lb coal tar im-

pregnated asbestos pipeline felt;

6. One wrap of 80-lb kraft paper.

The corrosion protection on each

length of pipe was tested at 15,000

volts at the time of manufacture.

The Manholes. Reinforced concrete

traffic manholes were constructed for

ali straight-through joints and for two
terminal joints. Manhole inside di-

mensions were 14 x 5 x 6 ft. A wall

I O NAMAO SUBSTATION

STRATHCONA BULK
STATION

Fig. 1. Location of Namao and
Strathcona Circuits and Calgary

Power Tie

thickness of 8 in., a ceiling thickness

of 12 in. and a floor thickness of 6

in. of 3,000 p.s.i. reinforced concrete

was used throughout.

The Splices. The straight-through

splices (Fig. 4) were 50% in. overall.

The conductors were joined to-

gether with a copper sleeve using

four compression índents. After com-
pression, the indents were filled with

solder and the connector rounded off

Fig. 2 below-Oil Filled Pipe Cable System

Fig. 3 right-Oil Filled Pipe Cable

OIL FILLED PIPE CABLE SYSTEM

PROTECTIVE
COVERING

STEEL PIPE
TERMINALS

(°) (o)

OIL RESERVOIR

IP c

650,000 CM COPPER CONDUCTORS

CONDUCTOR SHIELDING

O 295 ir, PAPER INSULATION

INSULATION SHIELOING

D-SHAPED BRASS SKID WIRE

STEEL PIPE

CORROSION PROTECTION

CONDUCTOR DIAMETER = 0.93in

CABLE DIAMETER = l.77i..

PIPE DIAMETER = 5 ^ígir
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Fig. 4. Oil-Filled Pipe Cable Splice and
Spiice Assembly

with iDundini; dios. The factory in-

siilation was stoppod in ^'s-in. steps

and oil impregnatod crepe paper in-

siilatioii ajiplied by hand to tlie re-

cjiiired dinu-nsii)ns. To ajipU' the

sliieliUng, thiee pcriorated ground-

iiitj strips weie spaeed 120° aioiíiid

the joint. ("opper hraiil shield tapes

were apphed halt-lap over the

grounding strips and held in place

b\- the pointed perforations. When
the shielding was completely apphed,

the perforations were pressed down.

Wlien tlie three phases were

-ipliced. two ahnninum spiders were

placed near the centre of the joint

and the assenibl>' bound together

uith cotton webbing.

rhc skid wires were soldered to

tlie sliielding tapes and after provid-

ing slack, were secnred to the pipe

redncer.

The Steel sleeves were slid into

position and welded at the centre and

at the reducers. The spiders rest on

the sleeve and centre the joints in the

sleeve.

The Terminais. Depending on the

pulling conditions and location of the

terminais in relation to the pipe line,

two methods of terminating the line

were employed.

One method used (Fig. 5) was the

spreader head. The line pipe was
brought above ground in a 7-ft. radius

bend and anchored in a poured con-

crete block which formed part of the

tower footings. A spreader head was
welded to the pipe. Three copper

riser pipes joined the spreader head
to the potheads.

The second method (Fig. 6) made
use of a manhole at the termination

of the line. A trifurcating joint was
made in the terminal manhole similar

to a sti'aight-through joint, except that

one end consisted of a manifold as-

sembly where three copper riser pipes

from the potheads were connected to

the splice sleeve.

The Potheads. The potheads used

were single conductor, 92,000 volt,

200-p.s.i. oil pressure potheads. The
terminal stalk was compressed on the

conductor in the same manner as the

splice connector. Where the insulated

conductor passed through the semi-

stop plate, a semi-stop feature was
incorporated using a gasket which
was compressed against the insulated

conductor. To compensate for pres-

sure variation in the pipe and in the

pothead, eight Alemite pressure fit-

tings were located in the semi-stop

plate between the ground plate and

the pothead body flange, four for out-

going and four for incoming pressure.

The stress relief cone was built up
from a paper roll made from high

quality paper, dried and impregnated

in the same manner as the cable. The
stress cone was shaped manually by

rotating and pulling out the paper

roll to predetermined dimensions.

After the application of the shield-

ing tapes, a 16-in. stress control tube

was located above the stress cone.

The porcelain assembly was finally

placed and bolted through the semi-

stop plate to the ground plate.

The Pressure Control Centre. The
pressure control centre is in a pump
house approximately 100 ft. from the

switchyard terminal structure.

The pump house, designed and

con.structed by the City, can be

heated to a minimum of 60°F under

the worst weather conditions to en-

sure satisfactory operation of equip-

ment.

The control centre is an automatic

dual pumping system designed to

maintain the pipe oil pressure be-

tween 180 and 220 p.s.i. with pro-

vision for operation at reduced pres-

sure during installation and mainten-

ance periods.

It consists of the following units.

Oil Storage Tank

Oil is maintained under a positive

pressure of dry nitrogen gas in a

4000-gallon (U.S.) storage tank.

This storage provides the oil neces-

sary to compensate for volume
changes in the main pipe line.

Oil Pumps

Sealed gear oil pumps rated at

5.5 US gpm maintain oil pressure

in the pipe by drawing oil from

the storage tank and pumping it

into the pipe system.

Automatic Pressure Relief

Control Devices

These devices provide a fully auto-

matic means for removing the oil

from the pipe line. The> prevent

excessive line pressure b>' means of

automatic mechanical and electro-

magnetic relief valves b\' passing

oil from the pipe into the storage

tank. The valves are mounted in

parallel with the oil pumps and are

set to open and close at predeter-

mined oil pressures.

Recording Gauges

Recording gauges pro\ide a com-

plete and continuous record of oil

pressure in the system. The record-

ers are mounted in tlie instrunient

panei and cover a seven-da\-

period.

.\larm System

Comprehensive alarni circuits are

designed to protect the system.

The alarm s\stem with a fourteen-

lamp annunciator gives visual in-

dication of faidty operating con-

ditions and can be connected to a

remote location.

The capacity of the storage tank
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and pumps was designed to provide

for the installation of an additional

circuit. Connection of the control

centre to the line was made by the

same corrosion protected pipe used

for the cable line. The connection was
made in the terminating manholes at

the switch-yard by means of a valve

provided in the sphce casings.

The OH. The oil used to fill the

pipe after instalhng the cable was a

high grade, low viscosity type similar

to the cable impregnant. Under the

most severe condition of suddenly

cipplying the full load of 642 am-
peres to the cable, which had been

klle in mid-winter for a sufficient

period to reach the minimum earth

temperature of 20°F, the maximum
tiansient pressure rise would be 255
p.s.i. at the Namao Substation end of

that circuit. The pipe, potheads and
other components were designed to

\\ ithstand this pressure rise.

Cathodic Protection. The cathodic

protection of the carrier pipe con-

sisted of a rectifier as a source of

current and a low impedance cell

installed on each end of the cable

circuit. The cell was located in the

tíround return at each end of the

cable circuit, maintaining a negative

potential on the pipe, and at the same
time, enabling the cable circuit to be

adequately grounded through its low
impedance.

Installation

The system was installed by the

manufacturer who sub-contracted the

installation work. The manufacturer

had, at ali times, an installation en-

gineer on site to provide technical

direction to the contractor and to en-

sure that the installation was in ac-

cordance with specifications and re-

quirements. The City of Edmonton
also had an engineer on site to co-

ordinate the installation with various

associated aspects such as the survey

of right-of-way and grades, parking

restrictions, traffic control, repairing

of trenches and inspection for ad-

herence to specifications.

Although the system is rugged,

particular care was taken in the

handling of raw materiais. Corrosion

protected pipe was blocked and
padded to prevent movement and
abrasion of the covering during rail

shipment. The pipe was handled at

ali times with wide canvas slings or

from the ends, and supported on
•skids or sandbags during installation.

Particular skills required in the

installation were welding and splic-

ing. Ali welders were required to

qualify as prescribed in API Speci-

fication No. 1104 "Standard for Field

Welding of Pipe Lines". Ali splicers

were required to qualify by complet-

ing a splice in a splicing school to

the manufacturer's requirements prior

to the installation of cable.

Pipe. The pipe was installed with

a minimum coverage of 4 feet.

It was placed on a 3-in. bed of sand

and backfilled so that a minimum of

3 in. of sand surrounded the pipe in

ali directions. In áreas where the ex-

cavated material was unsuitable for

backfill, being in the nature of Cin-

ders, ashes and such, the backfill

used was screened sand for at least

1 ft. in ali directions from the pipe.

The trench was graded to allow the

pipe to lay of its own accord with-

out field bending wherever obstruc-

tions or services were encountered.

Pipe sections were welded together

using chill rings to prevent the for-

mation of weld icicles on the inside

of the pipe. Ali welds were tested by
radiographic inspection against the

API Specification Standard No. 1104.

The film of each weld was examined
before the pipe weld was approved.

After welding, ali joints were cor-

rosion protected. A fibre mould was
strapped around the weld section and
filled with pipe enamel. The mould
was left as part of the joint protec-

tion.

Prior to laying the pipe in the

trench in its final location, the pipe

coating and ali joints were tested at

15,000 volts to ensure that the coat-

ing was undamaged. The pipe was
laid in the trench starting at one

manhole and working to the next

manhole. The backfill was then

thoroughly tamped in place.

Pipe Testing and Treating. When
each manhole section of pipe was

completed, the reducers were welded

to the pipe in the manhole. A mouse

was blown through the section to

ensure cleanliness. Test caps were

fitted to the pipe and a 24-hour pres-

sure test made at 100 psi using high

purity nitrogen (99.99% Na and

0.01% O2, dew point -60C). Each
section was evacuated to an absolute

Fig. 5. Spreader Head Termination Fig. 6. Trifurcating Termination
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pressiiif of 100 inicions ot' Hg or less

and to a inaxinnun prossuio rise of

50 miçrons of Hg in one liour. The
vacituni was thoii broktni by admit-

ting liigh piiiity nitrogen until a

positive piossuie of 10 p.s.i. was ob-

tainod. The pipe eiids weie sealed in

sucli a \\a\ that tliis pressure was
maiiitaiiiod iiiitil cable was pulled.

Casinsz Pipc. In four sections, the

cable pipe passed uiider railway hnes

and was eiielosed in casing pipe to

meet tlie re(]iiirements of the Board
of Transpoit Commissioners for

Canada. In another section, where a

subwa\- ciossing is planned for the

fntnre. the pipe was set at a depth

of 25 ft. and the hne below the pro-

posed crossíng cased as an added
precantion. The cased sections for

the single-hne railway and subway
crossings were 100 ft. For the main-
hne C.N.R. crossing and the C.N.R.
freight yard cased sections were 534
and 1188 ft. respectively.

The casing pipe was installed by
boring. tunnelling and trenching. The
cable pipe was pulled into the casing

pipe and supported l^k to 2 in. from
the casing pipe by pipe supporting
insulators. The insulators were either

prefabricated and strapped to the

cable pipe or moulded around it at

10 to 12-ft. intervals. To ensure good
thermal conductivity, the space be-

tween the pipes was completely filled

with sand introduced in the form of

a sand slurry.

Suhmarine Crossing. Where the

Strathcona Bulk Station circuit

crossed the North Saskatchewan
River, a distance of 800 ft., special

pipe installation techniques were re-

quired. The cable pipe was laid out
on shore and welded into two 400-ft.

lengths. Each length was coated with
two layers of concrete, each a mini-

mum of y2-in. in thickness, with a

reinforcing mesh of 18-gauge steel

wire between the layers. The con-

crete protection added extra weight
to anchor the cable firmly in the river

bottom and protected the corrosion

protection from mechanical damage
during installation. A trench was
dredged in the river bed to a mini-

mum depth of SVa ft. and the con-

crete encased pipe was pulled into

the trench. The two 400-ft. lengths

were welded together during the

pulling operation. The maximum pull-

ing tension was approximately 20,000
Ib.

Cahle Installation. Prior to pulling

cable, the splicing sleeves were

NOV 8 -58

Fig. 7. Typical Section of a Pressure Record Chart

slipped over the reducers. A manhole
blower was used at ali times to re-

move any nitrogen present in the

manhole. A IVi-in. threading cable

was blown through the pipe with a

special mouse designed to lubricate

the inside of the pipe. This cable

was used to pull a %-in. steel winch
cable into the pipe for pulling the

insulated conductors.

For each pull, three reels of cable

were set up in tandem in line with

the pipe run. A temporary tent of

polyethylene was erected over the

cable reels and the feed-in tube to

protect the insulated conductors from

moisture in the event of a sudden
change of weather. Three cables

were pulled into the pipe at one
time. A continuous flow of dry nitro-

gen through the pipe was maintained.

The cable was cut allowing sufficient

cable at the reducer for the joint to

be made. The cable extending be-

yond the reducer was enclosed in a

metal night cap bolted to the re-

ducer.

After pulling, each section of pipe

was evacuated to a pressure of 1000
microns of Hg or less. The vacuum
was broken with dry nitrogen gas and
a pressure of 5 p.s.i. applied. The
cable was left in this manner until

splicing operations were carried out.

Pulling lengths on the Namao cir-

cuit were from 853 to 2475 ft. with

an average pull of 1870 ft. The maxi-

mum pulling tension was 8270 Ib.

On the Strathcona circuit, lengths

ran from 2137 to 3203 ft. with an

average pull of 2532 ft. Maximum

pulling tension was 8000 Ib. This

occurred on a 2410-ft. pull incor-

porating five pipe bends.

It is of interest that the average

pulling tensions on the second in-

stallation were 20 to 30% below cal-

culated values. This reduction is be-

lieved due to the thorougli lubrica-

tion of the pipe at tlie time of blow-

ing the mouse, confirmed b\- the re-

duced wear of the skid wires ob-

ser\'ed.

At the terminais where a spreader

head was used, the cable was fed

into the 90° pipe bend at the term-

ination. Sufficient cable was left at

the give-up end to thread through

the copper riser pipes. Dming this

phase tlie cables were carefulh" sup-

ported. As each phase was completed,

it was sealed with a pothead night

cap.

Where a trifurcating termination

was used, the copper riser pipes were
installed from the trifurcating man-
hole to the pothead bod>' flange and

the required lengths of cable were
pulled through the riser pipes. Night

caps were installed at the reducer in

the manhole and at the pothead.

Cable Jointing and Potheading.

Cable splices and potheads were

made under strictly controlled con-

ditions and in accordance with refer-

ence drawings. Because it is of prime

importance that moistvue be excluded

from the cable, splicers were pro-

\'ided with special glo\-es if their

hands were moist or perspiring, port-

able air-conditioners were used to
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control the humidity in the manholes

cliiring splicing, and a tent was used

to enclose the terminal structure dui-

ing potheading.

The aveiage time required for a

splicer and his helper to complete a

splice was 8 hours. To weld the joint

sleeves into place took an average

of 5 hours. Welding was done slowly

to prevent overheating of the splice.

Two splicers and one helper re-

((uired approximately 8 hours to com-
plete two potheads. One splicer and
lielper required approximately 6

liours to complete one pothead.

Line Evacuating and Filling. When
ali joints and terminations were com-
pleted and the piping from the Pres-

sure Control Centre connected to the

line, the complete system was evac-

uated in approximately 30 hours to

a pressure of 250 to 500 microns of

Hg. This ensured that the line was
chy and ready for oil filling. The
\ acuum pump was left on the line at

the high end and oil was pumped
mto the system through a continuous

degasifier at the pumping plant. Oil

samples taken periodically from the

output of the degasifier gave average

breakdown values of 42 kv., assuring

complete freedom from moisture and
air. Average oil input was 150 gal.

per hour and each line required ap-

jiroximately 75 hours to fill. At the

completion of filling, approximately

10 gal. of oil was bled from each ter-

minal top. The Pressure Control

Centre was cut in to maintain 200
p.s.i. oil pressure and the degasifier

disconnected from the line.

Acceptance Testing. The completed
circuits were d-c voltage tested be-

fore energizing the lines. In the

Namao circuit, 127.5 kv. d-c was ap-

plied for 4 hours. In the Strathcona

circuit, a test set of higher output
was used and the test voltage was
170 kv. d-c for 15 minutes. These
tests are considered to be equivalent.

Cathodic Protection. After allowing

the backfill to settle around the pipe
line for approximately a month, a

potential survey was made to deter-

mine the condition of the pipe coat-

ing and the requirements for cathodic
protection. Tests showed that the

average protective current require-

ments were in the order of 0.025 ma.
per sq. ft. to provide a maximum
negative pipe-to-soil potential of from
1 to 1.5 volts. Graphite anodes sur-

rounded by coke breeze were in-

stalled as the ground beds at the

Namao and Strathcona substations

and at the switchyard. Three recti-

fiers were used, one at each substa-

tion and one at the pump house. A
low impedance cell, consisting of a

magnesium anode immersed in a salt

solution, was installed in parallel with

each rectifier to bypass the rectifiers

in case of fault current on the pipe.

Operating Experience and Practices

Since the first circuit was energized

in 1957, no difficulties have been ex-

perienced in its operation.

Supervision of the pipe line opera-

tion and routine maintenance are

simple procedures. Once a week, a

visit is made to the pumping station

and the recording charts are changed.

Each week the pumps are rotated

in operation so that they operate

on alternate weeks, and a check is

made of the nitrogen pressure and
oil volume in the reservoir tank. At
this time a visual inspection of the

interconnecting piping is made at

both the Pump House and the Sub-
station terminais of the pipe line.

Since energizing the cable, the load

carried by the system has been as

high as 40,000 kva. There has not

been sufficient change in tempera-
ture to plot temperature rise against

loading. Between light loading and
heavy loading on the cable the oil

transfer from the pipe to the reser-

voir and vice-versa is about 100 gal.

Along with the weekly check of

the oil pumping and pressure system,

a check is made of the cathodic pro-

tection. This check consists of meas-
urements of the magnitude and direc-

tion of the magnesium cell current

and rectifier output. The rectifier is

adjusted to permit a current flow
through the magnesium cell from the

pipe of not over 0.2 amperes. Once
the rectifier has been set to perniit

proper current leakage through the

magnesium cell, no further adjust-

ment is required unless a breakdown
in the corrosion protection on the

pipe changes the relative magnitudes
of currents through the rectifier and
the magnesium cell.

Fig. 10 shows a typical section of

a pressure record chart taken from
the week of November 3rd, 1958.

Nov. 7: 7 p.m. to 10 p.m.

as load drops, the line cools and
the oil pressure drops to 170 p.s.i.

Nov. 7: 10 p.m. to Nov. 8: 6 a.m.

the control centre pumps oil into

the line and brings pressure from
170 p.s.i. to 250 p.s.i. four times.

Nov. 8: 6 a.m. to 7 p.m.

as the load builds up, line pressure

tends to increase due to tempera-

ture rise and oil is fed into the

storage tank through the control

centre bypass valves to maintain

approximately 200 p.s.i. line pres-

sure.

Nov. 8: 7 p.m. to 12 p.m.

as load drops, the line cools and
the cycle repeats.

In the design of the system, a de-

cision regarding the mechanical pro-

tection had to be made. For economic
reasons, the decision was in favor of

a heavy-wall steel pipe type cable

instead of a standard concrete-en-

cased duct line, or buried cable with

mechanical protection consisting of

concrete block slabs laid end-to-end

above the cable for the fuU length of

the cable route. The wisdom of de-

ciding upon the steel pipe encase-

ment was demonstrated recently. A
power-take-off-driven boring machine

engaged in drilling holes for steel

polés, drilled a hole above the pipe

and continued downward until it

came in contact with the pipe. The
wrapping which provides corrosion

protection was considerably damaged
and the steel pipe was scored. A hole

was excavated around the pipe for

examination and repair. The scoring

did not extend deep enough into the

steel to necessitate patching the pipe.

Tape was wrapped around the pipe

to repair the damaged corrosion pro-

tection and the hole was refilled.

Those connected with the boring ma-
chine operations believe that, if this

had been a buried cable installation,

the powerful machine would have

gone through the layer of concrete

slabs and into the cable. On several

other occasions, Utilities crossing the

pipe with trenches, damaged the

layer of corrosion protection with

trenching equipment. In each case,

it was only necessary to repair the

corrosion protection by the applica-

tion of tapes.

Conclusion

An Oil-Filled Pipe Cable system was

chosen by the City of Edmonton as

an economical and efficient means of

reliably transmitting large blocks of

power at 72,000 volts. The success

of these first installations in Canada
corroborates the wide experience

with this type of cable in the United

States and elsewhere, and indicates

that it will find increasing use in

Canada. A new installation in the

City of Regina will provide an im-

portant power link which will be
energized about September of this

year.
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The Beechwood Development of The New Brunswick Electric Power Commission
is located on a north-south reach of the St. John River slightly over one hundred
miles north of the City of Fredericton. The intemational boundar>' parallels the
river in this section and lies some eight miles to the west. The Development was
undertaken to supply power which is fed into the provincial transmission Une
network. Two units consisting of Kaplan type turbines rated at 45,000 h.p. at a

net head of 57 ft., together with associated generators and other electrical equip-
ment, have been installed. Provision has been made for a third vmit. The structures

consist of gravity type concrete sluice and regulatíng sections, a fishway, an in-

take and powerhouse, a gravity type westem abutment with a compacted earth

embankment at the eastem end. The maximum height of structures above rock
is 80 ft. and the overall length is about 1,750 ft.

St. John River Basin Physiography

NEAR THE HEADWATERS of

the St. John River and its tribu-

tarias in Maine and Quebec, there

are freqiient bogs and swamps with
lakes and ponds dotting the flatter

áreas. Much of this territory is rela-

tívely unexplored. In the Grand Falis

area, the upland surface is dissected

by steep sided valleys. Beiow Grand
Falis, the slopes of the valleys and
ridges become flatter and the drain-

age system is well developed with
few lakes and bogs. Relief is variable

throiigh this region, in general being
up to 1,000 ft. in the upper reaches
near Grand Falis and in the order of

500 to 600 ft. in the Beechwood-
^^^oodstoc•k áreas. From Woodstock
to Fredericton there is a less' well
developed drainage pattern with nu-
merous bogs and lakes. Local varia-

tions in relief may exceed 1,000 ft.

Belovv Fredericton, the central plain

of Xew Brunswick is an area of low
relief extending down river to Hamp-
stead. From here to the mouth of the
river at St. John, the topography is

rugged with a series of north-easterly-

trending valleys and ridges. Relief

may exceed 500 ft. in relatively short

distances in this section.

The relief in this basin is controlled

to a major extent by the bedrock
type. Where the weaker sedimentary
rocks occur, the relief is low, whereas
in the áreas where there are more
resistant igneous and older metamor-
phic rocks, the relief varies to a

greater extent.

At Beechwood, it is rolling coun-

try with occasional high hills that

are indicative of igneous rocks that

have intruded the sediments.

A major portion of the watershed

is tree covered. In New Brunswick,

the cultivated land tends to foUow
the valley of the river and its main
tributaries. The soil is rich and this

region is famous for its potatoes,

amongst other crops.

Overburden

The major part of the overburden

in the basin is of glacial origin, and
the composition of the mantle of till

usually indicates the type of under-

lying bedrock or the bedrock lying a

short distance to the north-west. Silty

till is found in áreas where the bed-

rock is shale or argillite and a sandy

till or sandy bouldery till where the

bedrock is sandstone or granite.

On the hillsides, the till is general-

ly only a few feet thick and on the

steeper slopes, is practically non-

existent. As one descends from the

ridges, berms of thicker till are found
on either or both sides of the ma-
jority of the valleys. Further down
near or in the valley bottoms of the

major streams, deltaic or outwash

deposits of poorly stratified sands

and graveis frequenth' occur. Silt

deposits were formed in portions of

the main valleys as a result of glacial

damming, and marine cla>s have

been identified in the southern por-

tion of the basin.

Bedrock

The major portion of the bedrock

of the basin is of sedimentar}' origin.

probably of Silurian age; it consists

of shales, calcareous shales. lime-

stones and some sandstones. Much
of the area has been subjected to in-

tensive folding and the consequent

dex^elopment of cleavage in tlie shales

has been such that. in some sections

including the Beechwood area, evi-

dence of bedding has been well nigh

destro>ed. Some of these shales

grade into a poor quality slate or

argillite. Two trough-like zones of

later Devonian rocks have been re-

ported in the upper and upper cen-

tral portions of the watershed. In-

trusion of more resistant igneous rock

associated with these sediments lias

gi\en rise to the rugged hills that

are found on the Aroostook Rixer in

Maine and along the Grecn Rixer
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Belovv VVoodstock, Devonian intru-

sives are also reported and, here

again, the topography is more
nigged. Downstream from here, start-

mg a few miles above Fredericton,

weaker carboniferous shales and
sandstones characterized by a reddish

colour underlie this area of low re-

lief. A band of more resistant rocks

is found paralleling the coast above

St. John. At least a part of these

rocks is beHeved to be of Precam-
hrian age.

While many minerais have been
iclentified in the St. John basin, bitu-

minous coal and Hmestone have so

far had the largest production. More
iiitensive prospecting however may
uncover commercially important de-

posits of other minerais.

Beechwood Site

The St. John River is about 700 ft.

wide as it makes its southerly course

through the Beechwood site. From a

water levei at 180, the west bank
lises steeply for some 125 ft. On the

east bank, there is an abrupt rise of

o\er 60 ft. to a terrace that con-

tinues more or less levei for some
650 ft. where the main easl wall of

the valley begins. This wall rises

steeply for some 50 ft. and then con-

tinues with a gentler rise to above
elevation 500.

Surface Geology

Two distinct types of overburden,

both of glacial origin, are found at

Beechwood. At the higher elevations

on the main slopes of the valley,

bedrock is overlain by a thin deposit

of silty till. At the lower elevation,

the overburden was laid down as the

ice retreated at the end of the last

period of glaciation.

During the main period of glacia-

tion, the whole of the land was cov-

ered by untold feet of ice. The ice

ceased to advance and began to melt

away. The highest part of the land

became ice-free first. As the ice con-

tinued to melt the tops of the hills

and ridges were exposed, while ice

still remained in the valleys. A drain-

age pattern was set up between the

valley walls and the ice, and under
the ice itself. These streams flowing

from the ice were charged with

detritus which they deposited as

Kame terraces along the valley walls.

As further melting took place, the ice

retreated gradually upstream and the

Beechwood area was free of ice. The
river flowing down the valley from

this retreating ice dropped outwash
deposits of sands and graveis on the

valley floor. These outwash deposits

were modified as the river channel

changed due to varying flow, and
more terraces were formed. After the

final retreat of the ice from the

watershed, the river proceeded to cut

down through these deposits giving

rise to the present overburden topog-

raphy at Beechwood.
While not numerous, outcrop at

Beechwood shows the bedrock to be
an incipient slate or argillite. Cleav-

age, steeply dipping and frequently

at right angles to the river, is well

developed. Where identifiable, bed-

ding is frequently contorted. This

rock is brownish to dull grey on the

weathered surfaces, and dark grey

to jet black on the fresh cleavage

faces. Although it is a dense rock it

is not too resistant to frost action.

Site Investígation

Based on investígation in the late

1920's, the river profile and other

considerations, the Beechwood area

Fig. 1 St. John River Basin — Generalized Geology
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Fig. 2 Beechwood — Surface Geology

appeared to be one of the most fa-

\ oiuable sites for power de\ elopment
ou the St. John River. Starting in

194S. the \e\v Brunswick authorities

began subsmface in\estigatiou at

Beeehwood. At tliis time, 27 diamond
chill lioles were put dowii to estab-

lish the l)edrock profile across the

valle\-. Tliese lioles were drilled near

the "K" line which eventually be-

came the baseline for the structures.

The holes were drilled 20 ft. into

bedrock and an examination of the

cores indicated that the rock had
aniple strcngth to support the pro-

posed structures but that there were
planes of seepage in the bedrock.

In 1950, holes 28 to 55 were
drilled. This time holes were drilled

both upstream and downstream of

the "K" line to ascertain whether or

not more favourable bedrock eleva-

tions could be obtained by moving
several hundred feet in either direc-

tion.

In 1952, holes 56 to 67 were
drilled and more detailed data were
obtained.

With the completion of this drill-

ing, it was apparent that the "K"
line represented the most favourable
location for the proposed structures.

The bouldery alluvium in the river

bed varied in depth between O to 30
ft. and water testing of the holes put
down in the east bank terrace showed
this deposit of sandy gravei to be
pervious down to bedrock. No evi-

dence of solution along joints had
been found in the argillite. Water
testing in these shallow holes showed
little loss of water except in the
upper 10 ft. of the bedrock.

The staff of the Commission as-

sembled detailed records covering
the investigation and cores were
logged by Dr. W. J. Wright and by
Dr. G. S. MacKenzie. Overburden
samples were subjected to laboratory

tests by Associated Designers and
Inspectors at Frederícton. This test-

ing disclosed that, while the sands
and graveis were well graded, they
contained a sufficient percentage of

unsound shaley particles to make
their use as concrete aggregate ques-

tionable.

This then was the data available

when the decision was taken to pro-

ceed with the development at Beech-

wood early in 1954. As the previous

drilling had in general only pene-

trated 20 to 30 ft. into bedrock, it

was decided to undertake a program

of deeper drilling to prove up foun-

dation conditions to depth. The new
holes were drilled to depths of 100

ft. into bedrock with some holes to

150 ft.

Drilling from a barge in the St.

John River in the summer and fali

of 1954 was a hazardous occupation.

During this period extremely heavy

rain storms were ali too frequent,

and the river was in flood stage

nearly every month. The water eleva-

tion would jump several feet in a

matter of hours. Major fluctuations

tended to occur on Saturday nights

when no one was \\ orking and twice

a diamond drill ended up on the

bottom of the river when the barge

broke its moorings and capsized.

This drilling program of holes 68 to

94 was finally completed from the

ice during the winter of 1954-55.

This drilling disclosed artesian

zones in both the overburden and
the bedrock. In the overburden, the

artesian condition showed up in the

drill holes put down along the east

side of the tailrace. The indicated

flow was small and the head was
slightly above river levei. In the bed-

rock, the artesian flows were found

largely in the eastern half of the

river channel. The maximum static

head measured was some 25 ft.

above river levei. Along the "K" line,

the maximum í\o\y was recorded at

hole 75 just west of the intake. This

hole flowed at a rate of 144 gallons

per hour, the measurement being

made 4 ft. above river levei. At hole

69, near the downstream east side

of the tailrace excavations, similar

measurements gave a flow of 330
gal. per hour. The artesian flows

were encountered in bedrock at

varied ele\"ations and correlation of

these water bearing zones from hole

to hole proved impossible. This was
probabh' due to the cleavage and

joint planes being nearly \-ei"tical.

By March 1955, drill holes 1 to

94 had been completed in this inves-

tigation at Beechwood. Of a total of

7,232 ft. of hole put down, 2,912 ft.

w ere through overburden and 4,320

Table I

Pattern of Curtain Groiiting Parallel to Upstream Face of Structures

Spacing Averagc Hole
Number Between Rows Spacing

Localion of Rows {in ft.) (in fl.j

(1) (1)
W est end to Sluice

Pier 6 3 9.11 65,17,13
Sluice Píer 6 to Regulating Section 3 5, 6 5.5, 6, 10
Regulating Section 2 4 7.5,7.5
Intake 4 5.5, 2.5, 3 12, 6, 12, 12
East Embankment 2 5 12, 6

(1) Figures on left refer to up.stream row, succeeding figures refer to next row down-
stream, etc.
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Table II

Drillíng and Grouting Data

Curtain Grouting

Bags of
Nurnber Cement Bags per

of Holes Footage Injecled Fool

52 6,088 79 0.013

95 14,088 583 0.04

31 3,174 98 0.03

410 40,728 5,903 0.14

588 64,078 6,663 0.104

Blanket Grouting

ft. were cored in bedrock. It was
ãpparent that a very extensive grout-

ing program would be required to

prevent passage of water through

the bedrock when the head was
raised. If the seepage paths were not

sealed off there would be a loss of

water and possible development of

nplift pressures under the structures.

Also, there would be an extremely

slow deterioration of the foundations

due to the gradual removal of the

minor zones of more soluble minerais

that formed occasional incomplete

fillings in the fracture and joint

planes. The drilling indicated that

there were more of these potential

^eepage paths extending from about

tlie centre of the river to the east

bank. It was also realized that blast-

ing would cause the rock to open up
and shatter along the closely spaced

cleavage planes, and that care would
lie required during excavation to

prevent excessive overbreak and
damage to the foundation rock.

Construction Period

During the first year of construc-

tion when the westerly half of the

river was dewatered, excavation,

drilling, testing and grouting showed
that foundation conditíons were
niuch as had been expected. As
usual, the bedrock surface was found
to depart slightly from the profile

assumed from the drill hole inter-

Location

Sluice Section
West end to Píer 6 . . . .

Pier 6 to Pier 10

Regulating Section
Intake and Earth

Embankment

Total

Sluice Section
West End to Pier 6. . . . 69
Pier 6 to Pier 10 91

Regulating Section 27
Intake Powerhouse
Tailrace áreas
Earth Embankment 2,108

Total 2,295
TOTAL BLANKET AND

CURTAIN 2,883

sections.

When the overburden was re-

moved, the exposed bedrock surface

was found to be massive and to be
composed of tough, dense argillite.

Considering the glacial and post-

glacial history of the valley, it could

be expected that any softer zones

would have been eroded away. Minor
irregularities in the surface were fre-

quent due to differential erosion

992 49 0.05

1,492 102 0.07

431 4 0.01

40,968 3,837 0.1

43,883 3,992 0.09

107,961 10,655 0.098

along slightly less resistant zones. As

the work proceeded toward the east

bank, more open joints or seams

were found to depth in the bedrock.

These zones proved amenable to

grouting.

During the second season, excava-

tion of the intake-powerhouse area

got under way during the winter

time. Excavation of overburden and
rock soon disclosed a fault that

Fig. 3 Exploratory Drill Holes
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DRILLED 1948 HOLES 1-27

DRILLED 1950 HOLES 28-55
DRILLED 1952 HOLES 56-67
DRILLED 1954-55 NO ARTESIAN FLOW
DRILLED 1954-55 SLIGHT ARTESIAN FLOW
DRILLED 1954-55 HEAVY ARTESIAN FLOW
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crossed the basoline at pier 12 some
35 ft. west ot the west end of the

intake. Tliis fault lan in an upstieam-

downstreain tliroetion and dipped 45°

to the east.

This faiilt zone was naiiow, gen-

eralK a foot or less in width and
consisted of angnlar fragments of

biecciated aigilhte, unbrecciated cal-

cite in stringers and pods up to 4

in. wide and minor fault gouge.

The zone was sufficiently open to

allow ielati\el\' fiee circulation of

water and niinor disintegration would
result if the flow of water was to go
unchecked. The unbrecciated condi-

tion of the calcite and the undis-

turbed till overlying the zone indi-

cated that this fault was dormant.
While five holes had been drilled in

this area, none had intersected this

fault zone.

The west wall of the draft tube ex-

cavation cuts this zone above grade.

This left a wedge of rock lying on
top of the fault zone unsupported on
the east side. It was decided to re-

move this wedge of rock to the up-
stream limit of the draft tube excava-
tion and replace it with concrete.

Upstream from here to the baseline,

the zone was drilled and grouted to

refusal to a vertical depth of 175 ft.

The rock in the intake-powerhouse
area shattered badly during excava-
tion and opened up along the highly
developed cleavage planes. The ma-
jor direction of cleavage was across
the river and dipped steeply down-
stream. The final boundary between
draft tube and intake excavation co-

incided with this cleavage.

Other cleavages were also well de-

veloped and the excavated rock sur-

face tended to break down into small

plates standing nearly vertically. An
intensive program of grouting was
required to consolidate the upper

20 ft. of the rock in this area.

When overburden was removed
from the east embankment area, the

rock surface was found to be ex-

tremely irregular. In order to facili-

tate the placing of the rolled earth

core, the surface of the bedrock was
cleaned and gunited. Fíll concrete

was placed where required, to obtain

a relatively smooth surface.

Construction Materials

Due to the shaley nature of the

bedrock, it could not be used for

concrete aggregates. Coarse aggre-

gate was obtained from an outwash
terrace deposit some three miles up-

stream from the site. The pit run

gravei was crushed, the sand was
removed, the gravei was washed and
passed through a heavy media sep-

aration unit. Some 18% of the light

weight particles were rejected in this

process and the resultant gravei made
a first class concrete aggregate. The
fine aggregate was a natural sand

brought in by rail from St. John
Harbour.

As previously mentioned, the gla-

cial till overlying bedrock is a very

thin deposit in the Beechwood area.

How thin these deposits were was
soon learned when borrow pits were
opened up for the core material for

the east embankment. While the

grading of the material was excel-

Grout Curtain Intake Area

.EL 200

.EL 100

_ EL. 00
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lent, the thinness of the deposit, the

irregular nature of the bedrock sur-

face and the high moísture content

made earth-fill construction difficult

during wet weather. The terrace de-

posits provided excellent sand and
gravei for the shell of this structure.

Grouting

Study of the drilling records, the

cores, and the water testing and ar-

tesian data obtained during the ex-

ploratory work, indicated that, while
many of the openings in the bedrock
were very thin, they were relatively

free of sand, clay and gouge. It was
apparent that curtain grouting to seal

off the water passages to depth and
blanket grouting to seal and consoli-

date the near surface zone of the

bedrock could be effectively carried

out using only a cement-water grout

without resorting to the use of clay

or chemicals. It would be necessary

to use a very dilute grout to ensure

penetration and sealing of the thin

seams and openings.

At the beginning of the gi'outing

operations, a comparison was made
between water test data and grout

acceptance when the grout used con-

sisted of one part of cement and sLx

parts of water. This indicated that

the grout would penetrate and seal

the fine seams in the bedrock. Sub-

sequently, this grout mix was used

for the initial injection into any hole

or section of a hole. Where this

giout mix would not build up in

and seal the larger openings encoun-

tered in the bedrock, the mix was
gradually thickened, ratios of one ce-

ment to one water sometimes being

reached before the pressure began to

build up in the drill hole. The ratio

of water to cement was then in-

creased and the section of the hole

was grouted to refusal with the one

cement to six water mix.

Schedule

The grouting program was planned

so that the time interval bet\\een

completion of excavation and the

placing of concrete in a section was
the minimum necessary to effect the

sealing and the consolidation of the

bedrock foundations. In some sec-

tions, where the primary pattern of

curtain grout holes had shown uni-

form and relativeh' tight foundation

conditions, intermediate holes were
drilled and grouted after the concrete

was placed in order to expedite the

o\"erall progress of the work.

Blanket holes were drilled and
grouted prior to concreting except in

the intake area where a 3-ft. thick

concrete slab was placed and in the

58 THE ENGINEERING JOURNAL—DECEMBER, 1959



cast embankment area where the

lock surfaces were gunited and a

similar slab was placed over part of

the area. In both of these sections,

the blanket grouting was approxi-

mately 90% complete prior to this

surface treatment.

In the western section of the river

which was dewatered first, 7,080 ft.

of curtain and blanket holes were
diílled and 260 bags of cement
were injected between August lOth

and November 16th, 1955. In the

central and eastem sections, 100,880

tt. of hole were drilled and 10,395

bags of cement injected between
January 30th and August 31st, 1956.

Personnel

The owner provided on-site super-

\ ision of this program, assembled ali

diilling, testing and grouting data,

and recorded this Information on
plans.

The owner's staff normally con-

sisted of one general supervisor in

charge of both shifts who also su-

pervised the blanket drilling and
grouting. On each shift there was a

grouting supervisor, one inspector for

each grout pump, and one inspector

tor each three diamond drills on cur-

tain grouting.

During 1956, the personnel on
site for drilling, testing and grouting

consisted of one engineer, one clerk,

shift foremen for drilling and for

grouting, drillers, pump operators,

helpers and labourers. In the water
testing crews, two men were nor-

mally required to set the inserts at

the required elevations in the holes

and one man operated the pump.
For grouting, the crew consisted

(if a mixer operator, a pump opera-

tor, a labourer for handling cement
and two men to adjust the inserts

111 the hole and operate the control

\alves at the header.

Equipment
Skid-mounted gasoline-powered di-

amond drills were used to drill the

curtain holes. Pipe "A" frames on
these machines speeded up rod pull-

Table III

Drill Production Data May-August 1956

Average Foolage
Per Hour

Curtain—Diamond Drills

Blanket (2 stage)—Percussion Drills.

.

4.4

2.2

ing. Wherever the rock profile per-

mitted, timber rails were set up to

facilitate movement of the drills

from hole to hole.

Hole size was AXT

—

V/s in. in

diameter. Coring bits were used only

when core was required for examin-

ation and study.

Four diamond drills, on a two shift

basis, were in use at one time during

1956.

The 2-in. diameter blanket holes

were drilled almost entirely by
wagon drills. These machines were
equipped for wet drilling so that the

cuttings would be flushed to the sur-

face and not become lodged in the

crevices and seams in the rock. Jack-

hammers equipped for wet drilling

were used in the few locations where
intermediate holes less than 10 ft.

deep were required. Ten wagon drills

were in use at one time during 1956.

Small diamond-drill type gasoline-

powered pumps were used for water

testing and washing of holes. Single

expanding type inserts were used for

testing holes below any given eleva-

tion and double-type inserts for the

sectional testing of holes. The latter

type was made up to test 5-ft. lengths

of hole. The capacity of these pumps
was about 750 gal. per hour.

Water meters were used to meas-

ure the amount of water injected

into a hole. Rubber hose 1 in. in

diameter was used for delivery lines.

During 1955, when the western

section was grouted, the grout mix-

ing was done at a central location

and pumped to the holes. This equip-

ment consisted of a horizontal

paddle-type mixer, a double-tank

paddle-type agitator and a duplex-

Table IV

Drilling, Testing and Grouting

Cost Data

Item Quantity
Cosi per

Foot
Cost per bag

of Cement Cost

Curtain Drilling.

Blanket Drilling.
64,078 ft.

43,883 ft.

Ali Drilling 107,961 ft.

107,961 ft.

Testing and Grouting. . . .

10,655 bags

$3.10
2.80
3.00
.67

6.80,

1199,224.00
124,053.00
323,277.00

72,456.00

Total Cost of Drilling, Testing and Grouting
exclusive of Supervision, etc $395,733.00

slush pump: the flow from mixer to

agitator to pump was by gravity.

During the second year, a grouting

unit consisted of a similar double-

tank agitator where the grout was
mixed and agitated, and the slush

pump, both mounted on a moveable

double-deck platform. The grout

flowed by gravity from the agitator

to the pump. With this moveable

set-up, the distance from the pump
to the hole being injected was kept

under 100 ft.

AU this equipment was air pow-
ered. The pumps used were the long

stroke type and were equipped on

the grout end with rubber pistons,

rubber-faced valves and removable

hardened valve seats and cylinder

liners. Dismantling of the grout end

for cleaning could be carried out

easily and quickly. These pumps
were rated at 120 gal. of grout per

minute. During 1956, as many as

four pumps and three agitators were
in use at one time.

Meters were used to measure the

amount of water batched and the ce-

ment was measured by the bag. A
bag was assumed to be 1 cu. ft. for

batching purposes. The grout was
screened between the agitator and
the pump to remove any foreign ma-
terial.

The hose line from the pump to

the hole was IV2 in. in diameter and
the return line from the hole to the

agitator was one inch hose. An ac-

curate pressure gauge, protected

from contact with the grout, was in-

stalled on the grout header at the

hole. Immediately beyond the head-

er, a stop cock was installed on the

retum line so that the effective pres-

sure on the hole could be controlled

within narrow limits by varying the

amount of grout recirculated. With
this arrangement, it uas possible to

maintain high velocities in the pump
and hoses thereb\' pre\enting block-

ages due to sedimentation even

though a hole was accepting grout

at a low rate.

Several types of expanding hole

inserts or expansion plugs were used

to secure a seal between the wall of

the hole and the injection pipe. With
rock conditions at Beechwood, the
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Fig. 5 Fault Zone — West End of Intake

douhle pipo assenibly with a soft

rubber expansiou section pioved to

be the inost effective type of insert.

The iiioiit punips, grout agitators

and wagoii diills were opeiated by

compressed air. Ali the air available

froin the niain job supph' was used

and in addition, during the peak

period, portable compiessors with a

total lating of over 1,100 cu. ft. per

niimite were required.

The various types of equipment

required the following amounts of

coiiipressed air:

W apiu J^riU 320 cfm
Jackliammcr 75 cfni

Grout Mixer 85 cfm
Grout Agitator 85 cfm
Grout Pump 85 cfm

Curtain Grouting Pattem

Tlie groiit curtain parallel to the

upstream face of the structures con-

sisted of two or more rows of holes.

Under the concrete structines, these

rows of holes were near the upstream

face, in ali cases being at least

20 ft. upstream from the rock

drains. In the earth embankment, the

rows were drilled under the upstream

one-third of the core. The distance

between the two outside rows varied

between 4 and 11 ft. under the

different structures. The holes were

drilled to depths of 100 to 1.50 ft.

The position of the holes in the

rows was staggered relative to the

position of the holes in adjacent

rows. The first holes were usually

drilled and grouted on 2.5-ft. centres

and additional holes were then drilled

and grouted on diminishing centres

until the section was grouted up.

When a hole accepted two bags of

cement or more distributed through-

out the length of the hole or one-

half bag or more of cement in any

one 10-ft. section of the hole, addi-

tional holes were required. These

holes were put down on both sides

of the hole in question, midway be-

tween this hole and the two adjacent

holes in the row. This process was
repeated as required and, if neces-

sary, additional rows of holes were
drilled and grouted until acceptance

of grout was less than that specified

above.

In the sluice and regulating sec-

tion ali holes were vertical. In tlie

intake and earth fill section, vertical

and inclined holes were put down.

The inclined holes were sloped to

the west at 6° off vertical and up-

stream to coincide with the upstream
line of holes at the maximum depth

reached.

At the east end of the intake and
powerhouse, drilling and testing in-

dicated that the bedrock was rela-

tively open and artesian conditions

existed. A grout curtain beginning at

the curtain parallel to the upstream

face was extended downstieam under

the east intake-powerhouse retaining

wall for 150 ft. Two rows of ver-

tical holes, 5 ft. apart, were put

down to depths of 100 to 150 ft. Be-

tween these rows, holes dipping at

60° do\\nstream were drilled and

grouted. The holes in rows were

spaced twelve feet apart and stag-

gered relative to the holes in adja-

cent rows.

Procedure

The drilling of curtain holes

usual]\ proceeded to die desired

depths with little difficulty. When
caving of the walls of the holes or

relati\el\' heavy artesian flows were

encountered, drilling was stopped,

tests were made, and the zones were

grouted before drilling continued.

Records were kept during drilling

to show artesian zones, changes in

coloiu- or \-olume of retru'n water and

the driller's comments on the nature

of the rock. Any other information

which could be of value for the

proper grouting of the hole or for

the la>out of additional holes was

recorded.

The use of grease on the drill rods

was prohibited because of the dan-

ger of blocking the finer seanis.
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Due to the volume of vvater used

during drilling, diamond drill holes

are relatively free of sludge and nor-

mally do not require cleaning prior

to grouting. In those holes where the

insert could not be lowered to the

reqiiired depth, a small diameter

hose was run down into the hole and
the obstruction was flushed out using

alternate applications of compressed
air and water.

Water testing of the drill holes lo-

cated the open seams in the bed-

rock. As the grouting progressed,

water testing also gave a measure of

the effectiveness of the work already

carried out.

In the western section where each
hole was drilled to its total depth
prior to testing and grouting, the

jjfirst water test was normally made
lat a depth of 30 ft. When the leak-

>jage in a hole below this depth was
•iless than 60 gal. per hour, the hole

was then grouted. When the leakage

was greater than this amount, the

hole was water-tested throughout its

full depth in 5-ft. intervals. A sec-

tionalizing insert assembly was used
to locate ali the open seams.

In the central and eastern sections,

the sectionalizing insert was used for

practically ali the testing.

Where seams provided intercon-

nection between two or more holes,

inserts were placed in the holes and
water was pumped down one hole

and then the other to flush out the

i| seams. This pumping was continued
until the effluent was olear. Dye was
added where necessary to prove in-

terconnection between holes.

Both the step method and stage

method of grouting were used. In

Fíg. 7 Near Vertical Rock Face on Completion of Excavation

the step method, the hole was drilled

to its total depth, tested and then

grouted in steps from the bottom to

the top. The insert was set ten feet

from the bottom of the hole and this

section of the hole was grouted to

refusal. The procedure was repeated

in 10-ft. steps. At the top of the hole,

a short length of pipe was cemented
into the hole and the final injection

was made through a plug valve on
this pipe. The valve \\'as closed and
the grout was allowed to set up
under pressiue.

If the hole accepted more than

the two bags of cement, it was
washed out 8 to 12 hours later and
regrouted.

Where interconnection existed be-

tween holes, the holes were grouted

Fig. 8 Drilling for Blanket in Intake

up to the levei of interconnection

and then inserts were placed in the

holes above this elevation. Grout
was pumped down one hole and al-

lowed to flow out the pipe in the

other hole. By restricting this dis-

charge, it was frequently possible to

grout up the seams. Where this was
not the case, the inserts were raised

to the surface and grouting was car-

ried out at reduced pressure; the

grout was allowed to set up and
the holes were washed out and re-

grouted. This procedure was repeated

to refusal in each of the intercon-

nected holes.

Pressures used were 15 p.s.i. at

the surface plus 1 p.s.i. per foot of

depth to the point of injection.

The stage method was adopted in

the intake and earth embankment
áreas due to difficulties in sealing the

inserts in the holes. The more highh'

developed near-vertical cleavage in

this area was the cause of this dif-

ficulty.

With this method, the hole was
drilled to 15 ft. and then grouted.

Due to surface leakage onl\- low
pressures were used in this stage.

After 8 to 12 hours, the hole was
washed and later deepened 10 ft.

This 25 ft. of hole was water tested.

If the leakage was less than 10

gal. per hour the hole was deep-

ened another 10 ft. If the leakage

exceeded 10 gal. per hour, the hole

was grouted from the surface at a

pressure of 50 p.s.i. This procedure

was repeated to depths of 85 to 100

ft. dependent on the condition en-

countered, after which the hole was
drilled to its full depth and then

grouted in 10 to 20-ft. steps from
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the bottoin to thc suiface. Pressuies

on this tinal gioutinjí were 1 p.s.i.

per foot of depth leducing to 50

p.s.i. ;\t the surface.

Blankot Grouling Patteni

la the westeni .section which was

grouted duriiig the first year, the

primaiN- blanket holes were laid oiit

on 20-ít. centres tliioiigliout the base

area of the structures. These holes

were drilled vertically 15 to 20 ft.

deep and were grouted in one stage.

Holes midway between the primary

holes were piit down in ali sections

where appreciable quantitíes of grout

were accepted or where the rock

surface was seamy or broken.

In the regulating section, the pri-

mar\- pattern consisted of vertical 15

to 20-ft. holes on a 15 by 20-ft. pat-

tern. Here again additional holes

were put down between the primary

holes, as required to consolidate and
seal the surfaces.

Due to the open or shattered na-

ture of the rock surface under the

core of the earth embankment, in the

intake-powerhouse area and in the

tailrace channel extending 100 ft.

downstream from the powerhouse, a

much closer pattern of blanket grout

holes was required.

Due to the nearly vertical cleav-

age, holes in alternate rows were
inclined at 60° to the south and at

60° to the north. This primary pat-

tern was on 10-ft. centres. Additional

rows of holes with the holes in alter-

nate rows inclined at 60° to the

west and at 60° to the east were
drilled midway between the primary
holes. These holes were drilled and
grouted to an average depth of near-

ly 20 ft. in two 10-ft. stages.

The rock wall between the power-
house and intake excavation was
drilled and grouted using horizontal

holes. Here the pattern was variable.

Procedure

The blanket holes were not water
tested. The holes in the western or

sluice section and the regulating sec-

tion were flushed out using air and
water alternatively to remove ali cut-

tings and sludge. They were then

grouted to refusal from the surface

and the grout allowed to set up
under pressure.

In the intake-powerhouse area and
under the earth embankment, the

holes were drilled to a 10-ft. depth,

flushed out and then grouted from
the surface. Grouting was discon-

tinued on the primary holes when
further pumping would not increase

the radius of grout leakage at the

surface. Frequently, a grout mix con-

sisting of one part of cement to six

parts of water was injected for five

minutes, foUowed by a grout con-

sisting of equal parts of cement and
water for a 10 minute injection

period.

The partially hardened grout was
flushed from the holes after 8 hours.

Subsequently, the holes were deep-

ened for the second stage, flushed out

and grouted from the surface. The
maximum pressure used during this

second stage was limited to 50 p.s.i.

Where the volume of grout accept-

ance warranted it, the hole was again

flushed free of grout and regrouted.

During the first stage of grouting

of the holes in the primary pattern,

grout often carne to the surface with-

in a radius of 3 to 4 ft. from the

hole. During grouting of the lower

stage, this radius increased to 6 or 7

ft. Grout was observed coming to

the smface as much as 12 ft. away.

When the intermediate holes were
grouted, relatively little grout carne

to the surface and usually within a

couple of feet from the hole. In any
sections where grout acceptance or

tiavel indicated incomplete filling of

the openings in the bedrock, addi-

tional holes were put down and

grouted.

Results of the Grouting Program

During the drilHng of some of the

secondary holes into the fault zone
lying in the westerly section of the

intake, grout was recovered in the

cores. This grout had penetrated and
stabilized the loose material in the

zone to such an extent that it could

be cored for the first time. Examina-
tion of these cores and subsequent
testing and grouting indicated that

this grout had effectively sealed the

zone.

In the sluice section, a sump col-

lects the drainage from the contrac-

tion joints in the structvu-es, from the

rock drainage system under the struc-

tures and from the observation weUs
drilled into rock every 5 ft. along the

inspection tunnel. In October 1958,
over a year after the head was raised,

the inflow into the sump was less

than two gallons per minute. This is

a very small inflow when one con-

siders that these rock drains alone

are draining an area in excess of

60,000 sq. ft.

It would seem therefore that the

program of blanket and curtain

grouting at the Beechwood Develop-
ment has been effective.

HIGHWAY RESEARCH ACTIVITIES IN CANADA

improve interregional communication,

while city planning and development

has been neglected. Urbanization of

the population has thus been promoted
while the problems it causes have

been forgotten. The highway can

destroy the heart of a city which, in

turn, can move out to destroy that

highway. Suda a development serves

no useful purpose. It dislocates busi-

ness and industry, disrupts the popu-

lation and destroys the beneíits of

urban living. To avoid such conse-

quences, planning techniques must be

improved by research into the

economic impact and social conse-

quences of road and street improve-

ments.

Conclusions

A logical pattern for road and

street research in Canada has been

established. The results of the first

research survey of the Canadian Good
Roads Association are most encourag-

ing. They show that tremendous

progress has been made in such work
in the past few years, but also indicate

that a much greater effort is needed.

The monetary benefits of road re-

search are known. The need for doing

such research in Canada, by Cana-

(Continued from page 47)

dian engineers, is evident. Our high-

way departments, universities and in-

dustries ha\-e competent personnel to

undertake such research. They require

only the time, mone\' and encourage-

ment to get on with the job. It is only

logical to prov^ide the needed support

for this work. The dividends wiW be

great.
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Any process for the conversion of heat into electrical energy involves the absorption
of heat at a high temperature and the rejection of a large pait of this heat at a
lower temperature. Where the heat rejected can be used in some other process
the over-all economy of the power generating cycle is very much improved. Power
produced in such a manner is often referred to as by-product power.

Several processes have been used for the production of by-product power.
The most common of these employs steam turbines of the back pressure or extrac-

tion type. This type of equipment has wide application and is considered here in

some detail. An attempt is made to show what factors affect the over-all economy
of such a cycle and what circumstances are likely to favour this type of installa-

tion. The effects of initial steam conditions, fuel costs, equipment costs, and load
characteristics, both electrical and steam, are considered. These factors are illustrated

by a typical example.
The application of by-product power generation to various industries is dis-

cussed, and descriptions of plants for the pulp and paper and chemical industries

are given.

Although less widely applicable than steam turbines, gas turbines can also be
used in a by-product power cycle. This is briefly discussed. Other refinements and
alternative cycles are mentioned.

Indications are that Canada will, in future, become more and more depend-
ent on thermal power production. While it is unlikely that any very large part of

the country's needs will ever be met by the types of installation described, it is

nevertheless important that due consideration be given any possibilities that do exist

for the more economic use of our fuel supplies.

THE PRODUCTION of electric

power by thermal means involves

the conversion of heat into mechni-

iical energy, a conversion subject to

the basic limitations of the laws of

thermodynamics. The process by
which the conversion is effected in-

\olves the intake of heat at a high

temperature and the discharge of heat

at a lower temperature. Only part

of the heat taken in can, even theore-

tically, be transformed into mechni-

cal work. This part, given by the

Carnot cycle efficiency, is equal to

the ratio of the temperature drop

to the absolute inlet temperature.

The Carnot cycle efficiency is,

of course, an unattainable ideal and
actual processes for the generation

of power can achieve only a fraction

of this efficiency. Losses are of many
kinds, some due to the fact that the

actual cycle falis short of the ideal

c\cle, others due to the mechanical

losses and imperfections of the equip-

ment used in the application of the

c>cle. Typical efficiencies realized in

plants of different types are given

in Table I.

The term "efficiency" as applied

to the theoretical performance of

thermal cycles is perhaps somewhat
misleading since it implies that the

heat rejected by the cycle constitutes

a loss and it seems to suggest that

this loss could, in a perfect cycle,

be completely eliminated. A cycle

which rejects no heat is, of course,

theoretically impossible. However,
cNcles in which the heat rejected is

not wasted but serves a useful pur-

pose are quite common. It is with

this type of cycle that this paper

is concerned.

The uses for heat energy are

iiumerous. They include ali heating,

cooking, evaporation and distillation

processes, and occur in such indus-

tries as the manufacture of pulp and

paper, the refining of petroleum, the

distilling of alchohol, and the refining

of sugar. Each such manufacturing

process offers some opportunity for

generating power without wasting

heat.

The term "by-product power" has

been used quite commonly in re-

ferring to power produced by this

type of cycle and seems appropriate

since power is not the main product

but a by-product of the generation

of heat for other purposes.

A number of cycle arrangements

are possible, each of which may
prove economical under certain cir-

cumstances. The factors which de-

termine the economy of the process

are numerous and not always easy to

evaluate. It is essential therefore that

a detailed study be made of the cir-

cumstances surrounding any particu-

lar application before a decision is

made. However, there are some gen-

eral principies involved and certain

trends that can be distinguished. A
discussion of these may be helpful

in indicating in a general way what
circumstances favour the generation

of by-product power and when a

detailed investigation should be
undertaken.

Steam Turbines

The most common cycle used for

the generation of by-product power
in\'oIves the use of the steam turbine.

In most processes that require heat,

steam at moderate pressure and tem-

perature is used as the heat-conveying

médium; by generating steam at a

higher pressure and passing it

through a turbine before delivering

it to the process a certain amount
of by-product power can be produced.

In studying the economy of such

a cycle the steam conditions at tur-

bine inlet and exhaust assume a criti-

cai importance. Conditions at the

exhaust are usualh' fixed by the

temperature requirements of the

particular process and cannot be

\aried to improve power production.

Howe\er, inlet steam conditions can
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Fig. 1 Typical Back-Pressure Turbine Cycle.

and sliDiilcl be solcctod to gi\e op-

timiiin ocDuonn.

The siniplest cycle for the genera-

tion oí h>-product power is shown
in Fitj. 1 and iinolves the use of

a back-pressure turbine. Tliis is snit-

able for the sinipler applications

where process steam is used at only

one pressure and where either a

reasonabl\' close correspondence be-

tween steam and power requirements

exists or there is supplementary power
a\ailable at reasonable cost. In more
compHeated circumstances the tur-

bine ma\' be provided with control-

led extraction openings to supply

steam at other than exhaust pressure,

or with a low pressure section and
condenser to permit generation of

some power independently of pro-

cess steam requirements. Frequently

also uncontrolled extraction openings

for feedwater heating can be justified

on the basis of the additional out-

put obtained thereby.

For simphcity the discussion to

follow will be based on the simple

cycle shown in Fig. 1. However, the

conclusions are valid in a general

way for the more complicated cycles.

The power obtainable from a cycle

such as that shown in Fig. 1 depends
not only on the initial and exhaust

steam conditions but also on the

turbine efficiency. This in turn is

largely a funcMon of the steam flow

through the unit, higher efficiencies

being attainable in large units than

in small units. The useful output is

reduced not only by the losses with-

in the machine but also by the in-

crease in auxiliary power require-

ments over those for a simple process

steam plant. The most important item

of auxiliary power is that required to

pump the feedwater to the higher

pressure. In addition there is some
increase in the power absorbed by
the boiler auxiliaries as well as a

small amount for other purposes.

Fig. 2 shows the approximate out-

puts available for various inlet and
exhaust conditions. Although outputs

are given in kwh. per million B.t.u.

delivered to the process, turbine

efficiencies are based on a constant

demand of 150 million B.t.u. per hour

and the figures are strictly correct

only for a plant of this size. Because

of the better turbine efficiency

larger plants would produce some-

what greater outputs.

To estimate the total cost of by-

product power it is necessary to con-

sider each item of cost separately

and to estimate, for each, both the

cost of producing process steam only

and the cost of producing steam and
power. The difference then is the

cost which must be charged to po\\ er

generation.

The main items making up the

cost of energ)' are:

(1) Fuel

(2) Operation

(3) Maintenance

(4) Fixed charges.

Since the fuel charged to the gen-

eration of power is only that corres-

ponding to the heat actually converted

into power, fuel costs for by-product

power are much lower than for power
generated by other thermal c\cles.

The only losses to be considered are

the mechanical and electrical losses

in the turbine-generator and auxiliar)"

equipment, the boiler losses and the

heat equivalent of the additional

auxiliary power. The total of these

vvdll usually lie betvveen 20 and
corresponding to efficiencies of 75

to 80% and heat rates of 4250 to

4550 B.t.u. per kwh. These ma\" be

compared with the efficiencies and

heat rates for con\"entional c\cles

gi\en in Table I.

Actual fuel costs vary widel\-

throughout Canada from perhaps 15

cents per million B.t.u. for natiual

gas in some parts of Western Canada
to more than 50 cents per million

B.t.u. for coal in some áreas of the

Maritimes and Northern Ontário.

The total range of fuel costs for b\-

product energx' is therefore from

about .6 mills to about 2.3 mills per

kwh.
Operating costs must be estimated

for the particular installation. Often

it is feasible to operate a combined

steam and by-product power plant

with no more staff than would be

required for a steam plant onh

.

However, in the more usual case at

least one additional man t>er shift

will be required.

Fig. 2 Power Available from Cycle Arrangement of Figure 1.
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Maintenance costs are variable

nd difficult to estimate. Usually it

s satisfactory to assume that the

iiiiual cost will aveiage IV2 to 2%
it the capital cost chargeable to

ii)\ver generation.

Of the vaiious items of cost listed

liat of fixed charges, which is of

oiirse related to capital cost, is by
ar the most significant. The capital

ost chargeable to power generation

onsists of the cost of the turbine-

j:ciierator with its building, founda-

lon, and auxiliaries, the increment
n boiler cost due to the increase

11 pressure, the much smaller in-

leinent in boiler cost due to the

iicreased output, and increments in

he cosís of feed pumps, piping and
)tlier auxiliaries due to the increases

II l)oth pressure and capacity.

To illustrate the general trend,

stimates of capital cost have been
iiiade for installations operating under
the conditions assumed for Fig. 2.

Ht re also a heat output to the pro-

tss of 150 million B.t.u. per hour
lias been assumed. These estimates

are shown in Fig. 3. Fig. 4 shows,

tor one value of back pressure only,

the breakdown of these costs into the

tliree major components.
In plotting the curves of Fig. 3

and 4 it has been assumed that the

iiseful gross turbine capacity is that

1,1)1 responding to the rated output of

the boiler. This is an ideal condition

tliat is seldom realized. In most cases

tliere will be fluctuations in steam
(lemand and these will operate to

reduce appreciably the firm eléctri-

ca! output of the plant. Actual capital

cdst per kw. can therefore be ex-

|X'cted to be generally higher than
tliose shown.
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Fig. 3 Capital Cost of Equipment for Cycle of Figure 1.

It will be noted that, even under
the favourable conditions assumed
the capital costs for by-product

power installations are not particu-

larly low. They range from a mini-

mum of about $130 per kw. to a

maximum of over $330 per kw. For
condensing turbine plants in the same
range of sizes equivalent costs would
be perhaps $200 to $250.

Two points in connection with Fig.

3 worth noting:

(1) The cost per kilowatt becomes
lower as the back pressure decreases.

This is a somewhat obvious result

and is due primarily to the fact that

low back pressures produce greater

outputs for the same steam flow;

(2) For each back pressure there

is an initial pressure which results

in minimum capital cost per kilowatt.

Fig. 4 Breakdown of Capital Cost.
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This optimum initial pressure in-

creases with increasing back pressure,

ranging from about 300 p.s.i. for a

back pressure of 20 p.s.i. to about
700 p.s.i. for a back pressure of

160 p.s.i.

The second point deserves further

comment. Since the fixed charges on
capital investment represent the

largest single item of cost, and since

the total of the other items does not

vary greatly with initial pressure, it

is to be expected that the total cost

of energy will show the same varia-

tion with initial pressure as does

capital cost. This might at first

glance seem to indicate that moderate
initial pressures are invariably more
economical than very high pressures.

This is not necessarily true. In any
actual installation the point of best

over-all economy is the point of

minimum total costs rather than the

point of minimum cost per kwh. This

occurs at the point where it becomes
cheaper to turn to some other source

of power rather than to increase the

output of steam power b\- raising

the initial pressure. At this point

the incremental rate for b>-product

energy will equal the incremental

cost of energy from another source

In many cases where power costs

are high this point will correspond

to an initial steam pressure much
higher than the point of minimum
cost shown on the curve.

It should be noted further that

the data in Fig. 3 are for relatively

small plants and that for larger in-

stallations the optimum pressures will

be somewhat higher.

While the data of Figs. 2 and 3

are felt to be reasonably accurate for

the conditions assumed and while
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Table I—Typical Over-all Efficiencies of Power Generation
Plant Heat Over-all

Rate Efficiencv

Btu/k.w.h. %
"

Sleam Turbines
33 Mw., 600 p.s.i.g., 825°F 13,700 25
50 Mw., 1450 p.s.i.g., 1000°F 10,200 33

300 Mw., 2400 p.s.i.g., 1000°F/1000°F 8,900 38
325 Mw., 5000 p.s.i.g., 1200°F/1050°F/1050°F 8,106 43

Gas Turbines
2 Mw., (Simple cycle) 21,000 16

30 Mw., (Cycle with reheat and intercooling) 14,000 24
Diesel Engine

2 Mw., (Turbo charged) 9,760 35 I

they show wluU are bolio\ed to be

real treiíds iii tlio porfonnaiice and

cost of back-pressiuo turbino in.stal-

lations they do not pro\ ide an.s\vers

applicable to any actual set of con-

ditions. A proper exaluation of by-

prothut pouer generation in any

gi\en case is a very complex and
tedions undertaking. Some of the

coniplications that niust be taken

into account are the follovving:

(1) There are usiki11\- fluctuations

in steam and povver deniand. The
effect of variations in steam demand
has already been mentioned. Varia-

tions in power demand have a similar

effect. Furthermore there may or may
not be coincidence of steam and

povver demands. In some cases it

may be necessary to provide full

electrical output at times of minimum
or even zero steam demand, and in

these cases consideration must be

given to supplementary sources of

power. In some instances purchased

power may be economical. In others

a low pressure section of the turbine

together with a condenser may be
justified, despite the large increase

in capital cost and in fuel consump-

tion. There are even occasions when
it is more economical to waste ex-

haust steam to the atmosphere during

these periods than to incur the addi-

tional costs to provide increased out-

put in other ways;

(2) The need for spare boiler or

turbine capacity must be considered.

If either or both of these is provided

it will of course add substantially to

the cost. The question is primarily

one regarding the consequences to

the industry served of interruptions

in either steam or power supply and
no useful generalizations can be
made. It might be mentioned how-
ever that, in the authors' experience,

the present trend seems to be in

the direction of eliminating spare

capacity and accepting the risk of

service interruptions rather than to

make the very considerable capital

investment required to ensure con-

tinuous service;

(3) The possibílity of interconnec-

tion with a utility may have to be

considered. In some cases this may
result in more complete utilization

of the available output. In others,

where several plants separted by ap-

preciable distances are involved, it

may be possible to use the utility's

transmission system to transfer out-

put from one plant to another, there-

by reducing the need for spare capa-

city or minimizing the effects of

equipment outages.

It may be of interest to outline

the results of a specific study. In

the case selected consideration was
being given to the rebuilding of a

plant for the supply of process steam,

and it was felt necessary to consider

generation of by-product power at

the same time.

Table II presents only the results

of the study for back-pressure tur-

bines, although the use of extraction

machines was also investigated. It

will be noted from this table that

the installation cost for this par-

ticular by-product power plant is

considerably higher than indicated

by the corresponding points on Fig.

3. This difference may be attributed

to the following conditions:

(1) The study was based on the

use of turbine-generators of standard

ratings;

(2) It was necessary to provide

excess capacity in the boiler and

auxiharies. The steam demand
showed considerable hourly and

daily variation in addition to a season-

al variation due to building heating,

the demand for 40 p.s.i.g. steam rang-

ing from 116.000 to 185,000 Ib. per

hour. Moreover there was a demand

for 125 p.s.i.g. steam which varied

from 47,000 to 64,000 Ib. per hour.

The power requiiements for this

process were large and nearly con-

stant but the nature of the contract

for outside power did not permit

interchange of energy between the

plant and the utility and only small

fluctuations in demand for this out-

side power were permitted under

the terms of the contract. By-product

power could, therefore, only be gen-

erated from the miniminn steam flow

of 116,000 Ib. per hour, but some

additional firm power was obtained

from the steam required to heat the

condensate retnming from the 125

p.s.i.g. system.

Examples of Steam Turbine
Installations

The pulp and paper industry,

which in terms of total \alue of

product is Canada's largest, provides

perhaps the most frequent examples

of back pressure and extraction steam

turbine installations. Here the power

demand is generalK' constant while

the steam demand is subject to con-

siderable variations. By-product

power is never sufficient to nieet the

Fig. 5 Typical Power Plant Cycle — Paper Mill.
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total needs and usually supplements

power from other sources. Often

paper mills are located where fuel

costs are high and new sources of

power expensive. The incentive to

investigate by-product power as a

means of meeting increased demand
is therefore considerable.

A typical paper mill steam plant

designed for by-product power gen-

eration is shown diagramatically in

Fig. 5. This diagram illustrates

clearly the clevelopment that has

taken place as power demands have
increased and it has become neces-

sary to find additional sources of

power. It will be noted that for the

most recent installation an initial

pressure of 1250 p.s.i. has been
selected. This high presure may be
attributed to the relatively high cost

of alternative sources of power.

In the authors' experience ali of

the by-product power installations

supplying paper mills are owned by
the paper companies themselves. In-

vestigations have occasionally been
made of the feasibility of supplying

both steam and power from a plant

owned by a public utility but no
actual cases of this are known.
Presumably the fact that the paper
mill is invariably able to absorb ali

of the power obtainable is a de-

termining factor.

Nevertheless there undoubtedly
would be advantages in supplying
process steam and power from a plant

whose operation could be closely

integrated with that of a utility. For
one thing a more complete utiliza-

tion of the available energy could

be effected. Secondly the problem of

spare capacity could be more effi-

ciently dealt with since a pooling of

reserves between the industry and
the utility would be possible. Finally

an alternative source of power would
automatically be available to the in-

dustry to take care of periods when
the production of by-product power
was at a minimum because of re-

duced steam flow.

205,000 LB/HR,

BOILERS NOS.
I a 2

850 PSIG 9O0°F

HIGH PRESSURE
HEATER

OUTPUT 7650 KW

EXTRACTION
PUMP

BOILER FEED
PUMP

Fíg. 6 Typícal Power Plant Cycle — Chemical Process Plant.

Undoubtedly the most attractive

type of installation for such a com-
bined plant would consist of auto-

matic extraction turbines having a

condensing section of sufficient capa-

city to permit full output under ali

normal conditions.

A diagram for an isolated chemical

plant that is self-sufficient insofar as

steam and power requirements are

concerned is given in Fig. 6. In this

case one turbine-generator is equip-

ped with a low pressure section and
condenser to permit generation of

sufficient power to supply the plant's

needs with minimum process steam

demand. Normally there is sufficient

by-product power to take care of ali

requirements and the condensing

unit is either shut down or operates

with cooling steam only passing

through the low pressure section to

the condenser.

Oil refineries offer iiiteresting

possibilities for the generation of

by-product power. The steam de-

mand, for large refineries at least,

is usually more than sufficient to

permit generation of ali of the power
needed. The result has been that in

some cases in the United States the

supply of both steam and power has

been entrusted to a public utility.

Examples which have been described

Table II—Results of Typical Study for By-Prodiict Power Generation

Turbine inlet conditions. .

° 600 p.s.i.g./750°F

Turbine back pressure. . . 40 p.s.i.g.

Heat to process 124 x lO^B.t.u./hr
Net power output 6900 kw.
Capital cost:

850 p.s.i.g./825°F

40 p.s.i.g.

124 X lO^B.t.u./hr

7950 kw.

1250 p.s.i.g./900°F

40 p.s.i.g.

124 X 10<=B.t.u./hr

9000 kw.

For this installation—.f/kw. 174 216 248
From fig. 3—$/kw 148 158 182

Cost of energy:
Fixed charges—10% 0.23 c/kwh. 0.29 c/kwh. 0.33 c/kwh.
Fuel cost . . $0.45/10''B.t.u. 0. 19 0.19 0.19
Maintenance cost— 1 . 5% . 0.03 0.04 0.05

0.05 0.04 0.04

Total 0.50 c/kwh. 0.56 c/kwh. 0.61 c/kwh.

Incremental cost 0.95 c/kwh. 0.99 c/kwh.

in the literature are the Linden plant

of the Public Service Electric and
Gas CompanyS and the Avon (Cali-

fórnia) steam plant of the Pacific

Gas and Electric Company^. In both

cases large quantities of process

steam are delivered to the refineries

from extraction turbines and fuel is

obtained from the refineries in ex-

change.

Although no similar plants are

known in Canada it would seem that,

with Canada's growing oil industry,

plants of this type may require con-

sideration in future.

Gas Turbines

While the steam turbine is more
widely used for by-product power
generation than other prime movers,

it is by no means the only type of

equipment suitable. The gas turbine

in particular offers interesting possi-

bilities, despite its serious limitations.

The limitations have to do chiefly

with the restricted range of fuels

that are suitable and the high excess

air which must be used to keep the

turbine inlet temperature within the

limits of available materiais. Of these

the first is by far the more important

since it rules out completely the

use of solid fuels. The second serves

chiefly to limit the output available.

Because of the high excess air

quantities, the use of the gas turbine

for generating by-product power
presents a somewhat different prob-

lem from that of the steam turbine.

It is possible, of course, simply to

exhaust the gases from the turbine to

a waste heat boiler which uses the

heat to produce process steam. How-
ever, flue gas losses in this case are

abnormally high and the whole pro-

cess falis far short of the efficiency

that can be realized in a steam tur-

bine plant. Steam in this case becomes
a by-product of power generation.

To avoid the high losses it is neces-
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exhaust gases in ordor to loduce the

excess air to a more normal \alue.

The arraiigement of equipinent in

tliis case is shown diagrammatically

in Fig. 7. Tliis rosults in a large

inerease in tlie steam produced for

an\- gi\en electrical output and re-

duces the power obtainable for any

given proeess steam deniand. It does,

ho\\e\er, preserve the efficiency of

the boiler iustallation and electrical

energy remains a b\ -product of steam

produetiou.

It is apparent that for uiaxinium

electrical output from a given amount

of heat to the proeess, the gas tur-

bine sliould be designed for maxi-

nnnn specific output, i.e. for mini-

mum air flow per kwh. output. This

requirement is not usually compatible

with that of maximum over-all effi-

cienc\' and may have a deciding

influencc ou the selection of the

particular unit to be used. From the

data available it would appear that

for a turbine inlet temperature of

1350°F the minimum air flow is

about 60 Ib. per kwh. and results

from the selection of a pressure

ratio of about 6:1. Assuming a normal

fuel oil and an excess air of 10%
at the boiler outlet this results in

a power output of about 17 kwh.
per million B.t.u. to the proeess. This

figure can be compared with those

of Fig. 2 for steam turbines.

The capital cost of gas turbines in

sizes that might be applicable to by-

product power installations range from

SlOO to $160 per kw. and complete

plants might cost $140 to $200.

The fuel consumption per kwh. is

about the same for the gas turbine

operating under these conditions as

for the back-pressure steam tinbine,

the most important losses being the

mechanical and electrical losses in the

unit itself and the loss in the flue gas

leaving the boiler.

Among the advantages of the gas

turbine over the steam turbine is the

fact that full output can be obtained

with no steam demand, with no
.special equipment and with no addi-

tional losses in normal operation.

However, its limitations with respect

to fuels and the relative uncertainty

about its reliability have prevented

its being used to the same extent.

It is possible where conditions war-

rant it to combine the gas turbine

with the back-pressure steam turbine

so as to obtain a total by-product

power output slightly greater than

the sum of the two separate outputs.

A further step in the application

of the gas turbine involves the use

of the boiler furnaces as the com-

01 L OR GAS

COMBUSTION
CHAMBER

GENERATOR

OIL, GAS
OR COAL

.

c

ECONOMIZER

GAS TO
STACK

BOILER
FEED WATER

Fig. 7 Gas Turbine Cycle.

bustion chamber for the gas turbine.

The furnace then operates under pres-

sure and absorbs heat from the pro-

ducts of combustion reducing the

temperature to the point where the

gas can be delivered to the turbine.

This cycle, which has been described

in a number of papers,^- ^ has been

proposed for the generation of power
only. It would be equally applicable

to the generation of steam and by-

product power and should result in an

electrical output of about 20 kwh. per

million B.t.u. to the proeess. It too

could be combined with back-pressure

steam turbines to obtain greater out-

put. At the moment both the probable

cost and the reliability of such an

iustallation are uncertain.

Miscellaneous Cycles

A further possibility is the binary

cycle which uses mercury in a high

temperature cycle and produces steam

from the mercury condenser. The
steam can then be used either in the

generation of additional power or for

proeess work. From the information

available'' it appears that a mercury

turbine supplied with vapour at 140

p.s.i.g., 958° F and exhausting to a

condenser at 1.23 p.s.i.a., 471° F
would produce steam at a pressure of

415 p.s.i. and would deliver about

67 kwh. per million B.t.u. to proeess.

Steam at this pressure could be used

in some cases to generate additional

power before being delivered to pro-

eess.

The disadvantages of the mercury

cycle seem to be associated with the

very high cost of the mercury and to

the metallurgieal difficulties. At pres-

ent there seems to be no great inter-

est in its further development.

There are many other devices that

could be applied to the generation of

by-product power. An interesting,

though possibly unimportant, example

is the thermoelectric generator. In its

most modern form this device is based

on the same principie as the thermo-

couple commonly used for tempera-

ture measurement but has been greatly

improved in efficiency and practical

usefulness by the application of semi-

conductors. It has been used in remote

áreas of the U.S.S.R. to permit radio

receivers to be operated from the

electric power generated by kerosene

lamps. Efficiencies of about 10* ha\e

been reported-' corresponding to a

power production of about 32 kwh.

per million B.t.u. discharged b\- the

lamp.

Summary
This brief outline of the methods

available for by-product power gener-

ation has, it is hoped, served to call

attention to the numerous possible

applications of this proeess. \\'hi]e it

is clear that power produced in this

way is not necessarily cheap, it is

equally clear that in many cases it

may be very much low^er in cost than

alternative sources. Steam turbines

are most generall\- applicable although

gas turbines and other t\pes of equip-

ment ha\"e their place.

\Miile the field of application is

wide. it is evident that no great part

of our power needs are likeh' to be

met in this way, at least in the fore-

seeable future. It is essential, howe\ er,

in view of the constantly increasing

demand for fuel and power, that

where such opportunities exist for the

more efficient use of our resources

the\- should be given adequate con-

sideration.
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PHOTOGRAPHY AND ELECTRONICS

AS TOOLS IN

HYDRAULIC EXPERIMENTAL WORK

K. W. Gent, Instrumentation Engineer

I, W. McCaig, M.E.I.C., Hydratdic Engineer

H. G. Acres and Compamj Limited, Consulting Engineers

Niagara Falis, Ontário.

Piesented at the TSrd Atmual Genei-al and Professional Meetinti of The Engineerim) Institute of Canada, Toronto, Ont., June 1909.

The authors review recent developments in the sciences of photography and electron-

ics, and show by means of examples how these developments can be used to

advantage in hydrauHc experimental work.

Introduction

FOR MANY YEARS models have

been used to supplernent or le-

place analytical methods in the de-

sign of hydraulic structures and as

the magnitude, scope, and complexity

of the problems encountered in the

design of hydrauhc works increased,

engineers concerned vvith these prob-

lems became more aware of the

advantages to be derived from ex-

perimental studies.

In many problems, the fundamen-
tal equations governing hydraulic

performance are uncertain and a

solution by analytical means is either

impossible or extremely difficult un-

less drastic simplifying assumptions

are made. In these cases a properly

constructed and operated model can

usually provide the answers in a very

graphic form and at a cost which is

often much less than the economics

which it permits in the prototype.

The modern hydraulic model has

long passed the stage of a natural

scale model from which are made
simple U-tube and point gauge mea-
surements. In its contemporary form

it is a complex machine yielding a

whole range of results pertaining to

the problem in hand. It may even

be termed a hydraulic analog com-
puter.

Although the performance of hy-

draulic structures can confidently be
predicted from models, the predic-

tions are nevertheless subject to cer-

tain scale inaccuracies, and to provide

data on model-prototype performance

relationships the model results should,

if possible, be checked against proto-

type performance. In the past these

prototype measurements have been

largely restricted to observations of

pressures by manometers, velocities

by pitot tubes, and discharges by
current meter readings. Now, due to

improved experimental techniques,

both static and dynamic measure-

ments of pressures and deformations

can be easily and accurately made in

parts of large hydraulic structures

where access difficulties had formerly

made such measurements impossible.

The recent advances in hydraulic

experimental techniques which now
l^ermit the solution of many intract-

able problems, have been facilitated

largely by improved instrumentation.

This improvement has been effected

to a large extent by the use of instru-

ments developed to a very high de-

gree of accuracy in other fields of

science. The two specialized fields

from which the authors ha\'e drawn
for the instrumentation of recent ex-

perimental work are those of photog-

raph\- and electronics.

Recent advances in photography

are not so much new techniques as

refinements in existing processes and
materiais. Electronics, on the other

hand, is a comparati\ el\' new science

which is advancing at a spectacular

rate and providing an almost bewil-

dering array of measuring instru-

ments. The following examples show

Fig. 1 Unsatisfactory Intake Transition
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Fig. 2 Transition Given by Shape of Free Jet

how acKances in hotli these sciences

wcio usod to ohtain infonnatiou re-

quired for the Indiaulic design of

some major projects iii Canada and
Pakistan.

Photographic Tcehniqiies

(d) Flow Mapping, — The photo-

giaphic niethods used to record the

flow in a h\draulic model of the Ber-

siniis No. 1 intake provided an ex-

ample of how improvements in an

estahlished technique conld be made
to \ ield additional hydranHc informa-

tion. Tlie intake of the 1,200,000-h.p.

Bersimis No. 1 hydro-electric devel-

opment in Northern Quebec, is situ-

ated on one side of the relatively

shallow valley which forms an arm
of the Lac Casse reservoir. The de-

sign of this intake required extensive

tests in two models, the first to de-

termine the direction and velocity of

flow in the valley, and the second to

determine the optimum geometry of

the intake itself.^' -

The scale of the first model allowed

approxímately three quarters of a

mile of valley to be reproduced in

the laboratory space available. The
problem of recording the direction

of flow conld have been solved by
photographing the tracks of float-

ing lighted candles in a very

subdued ambient light. The veloci-

ties at different points could have
been measured in subsequent runs by

opening the camera shutter for short

measured periods. This technique has

been used in many laboratories. How-
ever, as the area to be examíned round
the Bersimis intake was very consid-

erable and records had to be made
at several discharges, and at a num-
ber of different reservoir elevations,

the above method would have re-

sulted in a multitude of photographs

and model runs.

Clearly, the number of photographs

and model runs could be reduced if

the trails of Hght were punctuated at

intervals so that the distance a float

moved in a known inter\ al was \'is-

ible as well as its direction of move-
ment. Further laboratory time could

be saved if tlie lighting on the floats

was provided by an externai source

rather than by candles. It was reasoned

that if full ad\'antage was taken of

the fine grain high resolution proper-

ties of present-da\' film the runs could

be done in normal room lighting.

With modern film sufficient contrast

could be obtained between the floats

and the surrounding model b\" paint-

ing the model a dull black and pro-

viding the float tops with highl\- re-

flective surfaces.

The average time for the majority

of the floats to run the course in the

model was in the order of two min-

utes. The camera aperture was, there-

fore, adjusted so that topography of

the model only just started to reg-

ister in that time. ^^'ith this camera

aperture, the trails of the float tops

were found to be clearlx' \isible.

Paper-coated aluminum foil pasted on

top of the floats gave the most satis-

factory trail. The distance which the

floats traxelled ever\- 10 seconds \\as

made x isible on the photograph by

firing flash bulbs at this time inter-

val. The momentary increase in light

intensit} showed the floats position

in the form of a series of bright spots

on the continuous trails.

As the camera remaiiied unmoved
throughout the entire series of ex-

periments, a preliminary set of pic-

tures of a 12-in. giid (ÍOO ft. in the

prototype) was taken at each of the

reservoir elevations to be tested, and

then transferred to the final prints hy

double printing. This process elimin-

ated parallax error when anahzing

Fig. 3 Strain Gauge Dynamometer and Bridge Circuit
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the prints. On one photograph there

was a 100-ft. grid of the valley, and

the trail of each of the 10 numbered
floats. The distance and direction

each float travelled between the fir-

ing of flash bulbs is clearly visible

and can be measured from the photo-

graph. The consecutive time intervals

between flashes was indicated by the

sweep second hand of the time clock

whose images could be seen at the

top of the photograph.

After the preliminary tests demon-
strated the practicability of this meth-

od of recording, it became evident

that an improvement would result if

an electronic flash were used in the

place of flash bulbs. A unit was there-

fore constructed using a Xenon tube

with capacitors and chargers which
allowed it to be fired at intervals

somewhat less than one-half second

if so required. Apart from a saving

in cost, the extremely short duration

of the electronic flash (1/2000 sec-

onds) enabled numbers printed on the

float tops to be clearly defined re-

gardless of how fast the float was
travelling.

(b) High-Speed Cine Recording—
The use of a cine camera to slow

down the motion of high-speed phe-

nomena and make them visible to

the naked eye, is well known. It can
also be used very effectively to

14- -

12 -

I 10

2 -

-WEIGHT OF CHAIN AND GATE
(DRY )

RESERVOIR LEVEL 74 5 FT ABOVE
GATE SILL

WEIGHT OF CHAIN AND
GATE tSUBMERGED)

JHYDRAULIC DOWNPULL

\

1-^
I TOTAL FRICTION

V
\

J \.

20 30

Fig. 4 Forces Required to Operate Low-Level Outlet Gates

change the time scale of hydraulic ex-

periments. The advantage of this

technique was taken in the laboratory

at Niagara Falis to investigate pos-

sible failure mechanisms of a hydraul-

ic structure. The study was made as

part of the design of masonry protec-

tion to a rock-fill cofferdam which

Fig. 5 Linear Variable Dífferential Transducer
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would be used for dewatering the

dam construction area of the Warsak
hydro-electric development in Paki-

stan. The magnitude of floods in the

Kabul River on which this develop-

ment is situated made it uneconom-
ical to divert the entire river dis-

charge during the flood season. The
construction schedule was therefore

arranged so that work on the base

pours of the dam would be made only

during low flow period. When the

flood exceeded 30,000 cfs the cof-

ferdams would be overtopped and
work on the base section of the dam
suspended.

Model tests of the typical coffer-

dam cross section showed that when,

at the design flood discharge of 200,-

000 cfs an artificially lowered tail-

water levei was raised to a value rep-

resentative of prototype conditions,

the blocks representing masonry pro-

tection were suddenly washed away.

Because this failure happened without

any apparent warning, it was difficult

to be certain what u'as actually taking

place. The high-speed motion picture

film showed that at the instant of

incipient failure, the blocks were
lifted off their bedding by an up\\ ard

flow. As soon as one of these blocks

hfted slightb- above the adjacent ones,

the stream flow carried it out still

farther and increased the uplift on the

remaining blocks, which then rose up
like a blanket and were carried away
by the flowing water.

Die injections revealed that the

supply of water causing uplift came
from downstream through weep holes
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Ii4t in tlic niasoni)' protoctioií. Piez-

oníottT iiuMsureinents sliowed tliat at

the desitíii rivor dischargt- of 200, ()()()

cts, the static pressme troin the tail-

water wa.s .sutticient when conibined

\\ ith d\ naiiiie pre.ssure leductioiís on
the ciir\ed face of the cofferdam, to

o\ercome the siibníeiged weight of

the 4 feet of masonry piotection oiig-

iiialK pioposed. From these same
pie/.ometer mea.surenients it was
po.ssihle to calcidate the thickness of

niasoni\' ueeded for a safe design.

(c) Graphic Recording—A camera
can also be used as a graphic recorder

and tliereby greatly siinphfy some
h\dranlic measurements. During hy-

(hanhc model tests on the low-level

outlets of the Lake St. Anne Reser-

\oir, this techniqiie was nsed to facil-

itate the e.xperiment required to arrive

at the most economic intake transition

upstream from the ontlet gates.

Although the model of the Lake St.

Anne Reservoir ontlet was constrncted

primarily to determine its discharge

capacity and the extent of erosion

downstream, one side of the model
was constrncted entirely of Plexiglas

to allow visual observation of flow in

the conduit.

Tests soon showed that a prelim-

inary design of the intake transition

iising a single radius was not satis-

factory. The water tended to leave

this transition tangentíally as shown
on Fig. 1. Vibration and cavitation

damage could be expected from such

flow in the prototype.

To find experimentally the natural

path of the water and therefore the

shortest transition which would give

no negative pressures over its surface,

a knife edge was inserted in the model
on the plane of the dam face. The
issuing jet was then photographed
through the transparent side of the

model and an enlargement, shown in

Fig. 2, made to a convenient scale.

The shape derived from this photo-

graph corresponded very closely to

an ellipse^ having the equation

x2 + 10.4y2 = D2, where D is the

height of the conduit and x and y are

rectangular co-ordinates. This shape

was used in the final design.

The reduction in length of transi-

tion obtained from this experiment

allowed a considerable saving to be
made in the volume of concrete in

the dam.

Electronic Techniques

(a) Strain and Load Measurements
—In 1856 Professor W. Thomson
(Lord Kelvin) in a papar before the

Royai Society of London,* describing

his findings on the electro-dynamic

properties of metais, reported that the

electrical resistance of certain wires

changed when they were subject to

tension. More than 70 years elapsed

before any attempt was made to use

this phenomenon to indicate strains,

and even then the early electrical

strain gauges which used tensioned

wires fastened to the objects under

test, were expensive, highly special-

ized instruments which could not be
used outside the laboratory.

However, in 1938, both Simmons
at the Califórnia Institute of Tech-
nology and Ruge at Massachusetts

Institute of Technology developed al-

most simultaneously a technique

whereby the wires were cemented or

bonded to thin paper. These bonded
strain gauges could easily be manu-
factured in quantities, and quickly

became popular with research engi-

neers. The bonded gauge,^ which
closely resembles a postage stamp,

can easily be cemented on to the sur-

face of the object whose strain is to

be measured. Most engineers ha\e

now used these gauges for measure-

ments of strain in steel structures and
are aware that when such gauges are

attached to structural members, the>'

can be calibrated to indicate the

magnitude of loads acting on the

structure.

The application of this technique

was found \'er>' con\'enient when,

after the Lake St. Anne Reservoir was
constrncted, a test was made to find

the force required to operate the ont-

let gates. The 12-ft. wide by 18 ft.

high ontlet gates in this dam are op-

erated by a chain attached to the

centre of each gate. The prototx pe

forces were measured b\' inserting in

this chain a special link in the forni

of a simple cylinder with thickened

ends, and by attaching strain gauges

to the link. Four gauges were placed

on the link to sense its elongation and

four more were placed circumferen-

tially to sense the contraction. B\

connecting pairs of the gauges in

series the resulting four pairs wim-

connected to form the four arms ol

the \\'heatstone bridge circuit show n

on Fig. 3. It will be noted that adj.i-

cent arms are alternateK' tension and

compression pairs. The effect of load-

ing the link was to unbalance tho

bridge w ith ali four arms contributinc

to the effect. A change of tempeia-

ture, ]iowe\er, does not disturb tlie

balance as the change of resistance is

the same in ali the gauges and theií -

fore the same in ali foin^ arms of tlu'

bridge. The possibilit\- of a sliglil

eccentricity of loading in the link

led to the use of four tension gaugi
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and to provide temperature compen-
sation a further four gauges were

necessary. As the latter have to be
placed in an adjacent arm of the

bridge circuit, they must either be

inactive, that is, placed on an un-

stressed area subject to the same
temperature, or active in the opposite

sense, as in this case where they

sense the contraction. A further sig-

nificant reason for the multiphcity

of gauges was the correspondingly

greater signal obtained. The four

leads were led to an ampHfier which
also suppHed the excitation voltage

and this, in turn, was connected to

an oscillograph.

Prior to tests at the site, the link

was cahbrated in a mechanical test-

ing machine by applying known loads.

The total indicated loads comprise

three factors:

(a)—Submerged weight of the

gate

(b)— Hydraulic downpull

(c)— The friction of the guides,

rollers, and seals.

During raising the total load was
the sum of ali three, but during

lowering the load is the sum of (a)

and (b) less (c). Fig. 4 shows that

the hydraulic downpull can be ob-

tained by deducting the submerged
weight of the gate from the mean
operating load.

As the value of hydraulic down-
pull is affected by the geometry of

the bottom of the gate, opportunity

was taken at the site to observe the

effect of a temporary modification

to it. The gate was hauled up on
the deck, the modification made, and
the test repeated. The entire pro-

gram, including additional runs to

find the starting friction was com-
pleted in one day.

(b) Pressure and Movement Trans-

ducers — The foregoing description

shows the use of strain gauges as

a means of measuring forces. If, how-
ever, the gauges are fixed to a rela-

tively thin walled vessel subject to

fluid pressures, we have another

form of transducer and a means of

observing and recording pressures.

Again, if gauges are applied near

the supporting end of an elastic can-

tilever and the unsupported end is

caused to follow a displacement, we
have the basis of a displacement

transducer. Frequently, the cantilever

system is used to measure the dis-

placement of a bellows or diaphragm
and thus provide a more sensitive

pressure transducer.

However, displacements and in-

directly, pressures, can also be
measured electrically by an entirely

different principie which has definite

advantages in certain circumstances

where a greater electrical output is

required. This unit is known as the

linear variable differential transfor-

mer commonly abbreviated to

LVDT or differential transformer.''

An LVDT, Fig. 5, consists essen-

tially of two primary coils, a second-

ary coil, and an armature of magnet-
ic material. The primary coils are

energized from a suitable source of

alternating current and connected in

series so that their flux is opposing.

If the two primary coils are identi-

cal and the armature is located so

that it receives an equal amount of

flux from each, the output of the

secondary coil is theoretically zero.

Motion of the armature towards

the upper primary coil results in a

linearly increasing output of the

secondary coil. Similarly, movement
towards the lower primary coil again

results in an increasing output, but

with the opposite phase. Depending
on the dimensions of the transformer,

it can be made to measure move-
ments ranging between a foot or more
and less than a tenth of an inch in

each case with an accuracy of one-

tenth of one per cent.

(c) Electronically Controlled Dijna-

mic Models — An example of the

comprehensive use of electronic tech-

niques in hydraulic model experi-

ments is provided by a recent hydraul-

ic study to establish the minimum
stable diameter for the surge tank

of the 855,000-h.p. Bersimis No. 2

hydro-electric development currently

being constructed in Northern Que-
bec. To accomplish the purpose of

the test, the model had not only to

reproduce the inertia and flow resist-

ance of the prototype supply tunnel

and the action of the orifice surge

tank, but also had to regulate the

model discharge so that it varied

with the surge height in a manner
corresponding to the prototype tur-

bines supplying a constant load under

transient hydraulic conditions.

When designing this model it was
known that the problem had already

been approached in two different

ways. The firsf^ was to distort the

supply tunnel and surge tank scales

so that the period of surge oscilla-

tions was increased to an extent that

the flow could be controlled manually

by an operator watching a pressure

indicator. The second* used a spring-

balanced disc in a throated discharge

tube. For the Bersimis No. 2 develop-

ment both these methods were open
to objections which could be over-

come by electronic control of the

outlet valve. The accuracy of response

of an electronic controller could be

made to suit the very rigid require-

ments of this model study and could

easily be designed to incorporate the

non-linear functions required to rep-

resent the droop in turbine efficiency

curves near full load.

The control gate system of the

Bersimis No. 2 surge tank model is

shown diagrammatically in Fig. 11.

The head at the outlet gate actuated

the diaphragm of a pressure trans-

ducer operating on the differential

transformer principie already referred

to. The output of this pressure trans-

ducer is, therefore, an electrical sig-

nal in which the voltage varies

directly with the pressure. This sig-

nal was fed into one side of the

comparator.

To represent in the model a par-

ticular station power output, any

instantaneous value of head had to

have associated with it a correspond-

ing outflow and therefore a singular

position of the control gate. When,
due to surges the head changed,

the position of the control gate had
also to change so that at ali times it

metered a flow corresponding to that

for constant station power output,

and the instantaneous value of the

head.

Attached to, and rotating on the

same axis as the control gate was a

cam followed by a displacement

transducer also operating on the

differential transformer principie. The
voltage of the signal from this trans-

ducer varied with the lift imparted

by the cam and was therefore a

function of the gate position. The
cam was shaped so that when the

signals from the pressure and move-

ment transducers were fed into oppos-

ing sides of the comparator, it gave

a null output when the discharge

and head were correctly related for

a particular power output. If during

a test there was a change in model

head, the balance just referred to

was disturbed and the comparator

emitted a voltage, the magnitude of

the voltage depending on the magni-

tude" of the error, and the direction

depending on the sign of the error.

As indicated in the diagram, this

voltage was fed to a heavy duty

amplifier the output of which was

led to a reversible low inertia servo-

motor. The control gate was there-

fore driven towards its correct posi-

tion by the error signal from the

comparator, the gate position func-

tion being fed back. The contiol thus

constituted a closed loop s> stem con-

stantly seeking the balance or null

point.

(Contiinwcl on page 79)
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The Hydro Electric Power Commission of Ontário

This paper is a resume of Ontário Hydro's experiences \vith the use
of fly ash as a partial cement replacement in grouting mixtures and concrete.

Field trials have shown that fly ash, because of its pozzolanic properties.

can be used to replace substantial percentages of the cement in normal
concrete mixes and grouts without adversely affecting, and usually enhancing,
the long-time strength attained. Fly ash was also found to ( a ) reduce the
temperature rise in the concrete, thereby lessening the danger of thermal
cracking in massive sections; (b) enhance the workability of concrete and
grout; ( c ) provide a somewhat increased setting time, thereby producing
concretes and grouts that remain workable for a longer period. and ( d ) in

most instances provide economies. The use of fly ash in both high- and low-

pressure grouting mixtures at Niagara and to replace from 20 to 30 per cent

of the cement in appropriate mass and structural concrete applications at

the Ontário Hydro's St. Lawrence, Caribou, Whitedog and Otter Rapids
projects are described. An account is also included of the method developed
for batching the ash as a slurry.

FLY ASH is the finely divided

residue lesulting from the com-
bustion of pulverized coal, as used
in many modern steam-generating

stations. It is usually collected before

reachíng the stack by means of elec-

trostatíc or mechanical separators or

both, and is composed mainly of

sílica, alumína and iron oxide. It is

one of a number of powdered mater-
iais having pozzolanic properties, i.e.,

cementing ability vvhen combined
with lime, in the presence of mois-

ture. From early time it has been
known that certain finely divided sili-

ceous materiais of volcanic origin ex-

hibit cementing properties when
mixed with lime. Such substances

were used in Italy about two
thousand years ago and many of

the early structures in which they
were used are still standing. This
volcanic ash was called "pozzuo-
lana" after the Italian town of

Pozzuoli, adjacent to the ash de-

posits. The term pozzolan has come
to mean any activated siliceous or

siliceous and aluminous material, na-

tural or artificial, processed or un-
processed, which though not cemen-
titious itself combines readily with
lime in the presence of water to form
a cementitious compound. The use
of pozzolans (both natural and arti-

ficial) as replacements for part of the

portland cement in mass concrete has
come into prominence in recent years.

Pumicite, for example, a naturally

occurring pozzolan, was used by the

U.S. Bureau of Reclamation in the

mass concretes for the Friant and
Altus Dams, a pulverized calcined

siliceous shale was used in the con-

crete for the Davis Dam. Fly ash also

has been used in the mass concretes

of many dams including the Hungry

Horse, Canyon Ferry and Palisades

dams of the U.S. Bureau of Reclama-

tion.

In addition to such use in mass
concrete, fly ash has found wide-

spread use in the concrete block in-

dustry, ready-mix concrete, structural

concrete, masonry cement and cement
grouts. Although cost reduction is

usually the main motive, technical ad-

vantages are also very often achieved.

Among the confirmed advantages in

the use of fly ash in concrete under

proper control are higher strengths,

reduced permeability, reduced tem-

perature rise ( mass concrete), en-

hanced workability, reduced mixer

and mould wear (masonry units), in-

creased green strength (masonry

units) and enhanced sulphate resist-

ance. On the other hand concrete

containing fly ash should be carefully

controlled to minimize disadvantages

such as reduced early strength and
increased setting time. The former

may necessitate a longer curing period

before the concrete is loaded. The
increased setting time could cause

increased form pressures and there-

fore call for a lower rate of placing

or strengthened forms. On the other

hand, an increased setting time can

be advantageous in certain circum-

stances.

Not ali ash that is trapped in pre-

cipitator systems is necessarily of

satisfactory quality. although the ash

from the larger furnaces using pul-

verized coal are most likely to be

satisfactory. Ash meeting the require-

ments of ASTM Specification C350-

57T can be considered suitable, since

the specification covers composition,

fineness, strength performance and

other desirable characteristics.

Ontário H>dro's interest in the use

of fly ash was initially stimulated

several years ago when the lack of

low or moderate-heat cement for m;iss

concrete made it desirable to blend

a pozzolan with normal cement to

prevent excessively high tempera-

tures. Also, when its first fuel-electric

generating stations were being built

it was known that the\" would soon

be producing a useful by-product

which, if suitable markets were en-

couraged, could lead to a reduction

in the cost of power generated from

solid fuel. Accordingly, a substanti.il

bod>- of data on the behaviour of

ash concrete wa.s accumulated by ihc

Commission "s laboratories o\er the

past few years with a view to pio
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moting the iililization of this by-

product.

These studies clearly pointed to

applications of technical advantage

and the Commission, therefore, did

not wait until it was collecting ash

from its own plants before making
successful use of fly ash as a com-
ponent of cement grouts and con-

crete at several of its major hydraulic

developments such as the Niagara,

St. Lawrence, Whitedog and Caribou

Power Projects.

Before deahng with the specific

applications of fly ash at these Com-
mission projects it is proposed to

review briefly the extent to which
fly ash affects some of those proper-

ties of concrete, which were of im-

portance in Commission applications

of fly ash.

Properties of Fly Ash Concrete

As mentioned earlier, the main rea-

son why fly ash has found use as

a partial cement replacement is, of

course, its pozzolanic property, i.e.,

its ability, in the presence of water,

to react with the free lime liberated

during the hydration of Portland

cement to form an additional cement-

ing material. Because of this, some
fly ashes may be used to replace up
to 50% or more of the cement in

thoroughly cured normal concrete

mixes without adversely affecting the

long time strength attained and in

moderate percentage replacements

effecting a considerable increase in

ultimate strength. Strength develop-

ment at early ages is slower however,

and for this reason it is seldom feas-

ible to take advantage of the maxi-

mum cement replacement that would

AGE IN DAYS

Fig. 1 Age-strength relationship of concretes with various percentages of cement
replaced by fly-ash.

be feasible on the basis of equal long-

term strengths. This is demonstrated

in fig. 1 which shows age/strength

relationships for two different fly

ashes at various percentages of re-

placement. It is readily noted that

the strength behaviour of fly ashes

from two sources are significantly dif-

ferent. This difference is considered

to be due primarily to fineness, the

finer ashes producing the more rapid

strength development.

The effect of ash fineness on
strength development is further illus-

trated by the following data on the

compressive strengths of nominal 5/2-

bag concretes using ashes of different

finenesses (obtained by blending a

fine and coarse ash).

Fly Ash
Fineness " Compressive Strength

(sq cm/gm) 28-Days 91-Days

2305
3620
5445
7625

2570
2750
2940
3300

3550
4080
4140
4510

Fig. 2 Temperature rise curves for the fly-ash and plain concrete test sections.

It may be seen that both the 28-

day and 91-day strengths increase as

the fineness increases.

A desirable property of fly ash

concrete connected with its slower

strength development is its lower

temperature rise. In massivo struc-

tures it is desirable that the rise in

temperature due to heat evolution not

be excessivo so that the stresses re-

sulting on cooHng of the mass are

less likely to produce cracks. There

are extensive data to show that tem-

perature rise in massivo concrete

structin-es is much less when fl>' ash

is used to replace part of the cement.

Figure 2 shows time-temperature

curves for two experimental blocks of

concrete (12 x 14 x 36 ft) placed in

the Commission's Otto Holden Dam,
one being made of 6-bag plain con-

crete and the other having 20% of

its cement replaced by fly ash. It

can be noted that the peak tempera-

ture was reduced by about 25F or

approxiniately 30% in the fl\' ash mix.

14 lE

TIME AFTER PLACING IN DAYS

Fineness is usually expressed in terms
of the total surface area of the particles
(sq cm/gm) determined with the Blaine
air permeabihty apparatus.
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AGE IN DAYS

Fig. 3 Age-strength relationships of test cylinders of plain and fly-ash concrete used
in experimental sections of Otto Holden Dam.

Fiji. 3 sho\\s the strenpth dexelop-

ment curves for these concretes and
it can be seen that from the age of

15 da\s the fly ash concrete exhihited

considerabh' higher strength.

Anotlier property of fly ash con-

crete connected with its slower

strength developnient is a somewhat
increased setting time. This too can

he advantageous in mass concreting

operations where a large area of con-

crete is exposed and it is desirable

to "keep it alive" until the succeed-

ing la\er is placed on top. Tempera-
ture, of course, also has a great effect

on rate of setting of concrete. The
e.\tent to which fly ash affects the

setting time at two different tempera-

tures is demonstrated in Fig. 4. In

this illustration the setting behaviour

of the concretes was followed with

the Proctor needle, measuring the re-

sistance to penetration offered by the

concretes at various ages. A penetra-

tion force of 500 is considered to be

the limit beyond which concretes are

no longer workable. In practical

terms then, it appears that a 25%
cement replacement by fly ash will

produce concrete that "stays alive"

approximately two hours longer at

70F and approximately four hours

longer when the concrete tempera-

ture is 50F.

The properties of fly ash concrete

discussed in the foregoing paragraphs,

i.e., strength development, tempera-

ture rise and setting characteristics

along with the enhanced workability

that fly ash imparts to concrete were

the main considerations in the Com-
mission's applications of this material.

Commissíon Applications of Fly Ash

Nine years ago, fly ash was used

on a trial basis in one block of the

Otto Holden dam for direct com-
parison with a block of regular con-

crete. Strength and temperature rise

characteristics of this concrete were

discussed in the previous section. Re-

peated examinations of the Otto

Holden dam since that time have

shown no deterioration of any kind

in the fly ash concrete even at the

water line where weathering condi-

tions are the most severe. This was
convincing evidence of the durability

of fly ash concrete without which it

might never have been used in such

an important a structiu"e as the St.

Lawrence Powerhouse. It speaks well

for the foresight of those who in-

stigated the tests at Otto Holden,

many years before fly ash became
available from steam generating sta-

tions within the Province.

Niagara ( Sir .\dam Beck No. 2

)

Project

The first place fly ash was used

extensively by the Commission was
at Niagara Falis for grouting the

small spaces between the rock and

the concrete lining above the arch of

the tvvo 5-mile tunnels. It was also

used in the high pressure grouting of

the rock surrounding the tunnels.

There were three reasons for decid-

ing to use fly ash in grouting. First,

by retarding the set and reducing

sand settlement it facilitated the

pumping of grout through the long

lines of pipes from the surface;

second it has cementing characteris-

tics previously described. and third

it increases the "flowability" of the

grout because of its fine spherical

particles. There were two grout

mixes used, — low pressure sanded

grout 1:1:3 cement:ash:sand. with a

water-cement ratio of 0.80, and high

pressure grout 3:1 cement to ash with

a water ratio of 0.55. Both of these

mixes pumped exceedingU^ w ell e\ en

though they travelled some 15(X1 ft.

and were repumped before the>'

arrived at the required location.

St. Lawrence (Robert H. Saunders)
Project

Another application for fl\- ash con-

crete came on the St. Lawrence De-

\'elopment, where during the design

stages it was found necessar\- to span

the 80-ft. ice sluices with be^ms
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CONCRETE MIXING PLANT FLY-ASH BATCHING SHED

Fig. 5 Fly-ash handling equipment.

about 28 ft. deep to carry the 300-

ton gantry crane. Fly ash was con-

sidered the solution for the thermal

shrinkage problems which were in-

evitable in such massive stiuctural

members.
Twenty-five per cent of the cement

was replaced with fly ash in these

beams and this resulted in a corres-

ponding decrease in temperature rise

and thermal shrinkage, which min-

imized the danger of cracking in the

beams.

The concrete of the powerhouse

was composed of crushed rock, manu-
factured sand and portland cement,

and it was found that the fine spheri-

cal particles of the fly ash seemed to

give the concrete additional "lubrica-

tion" or response to the vibrator. It

also appeared to stay "alive" longer

than ordinary concrete of the same
temperature. For these reasons it was
used in the heavily reinforced and
difficult pours around the scroll case

and also in the scroll case roof where
it minimized shrinkage to such an

extent that although they were placed

in eight segments, none of the scroll

case roofs leaked under fuU head.

Fly ash particles being lighter and
frequently finer than cement, tend to

create a dust nuisance when bagged
fly ash must be batched manually

into the mixer. Normally, of course,

this does not constitute a problem in

batching plants equipped with a

separata storage silo and batching

hopper for the bulk fly ash. At the

St. Lawrence project where no facil-

ities were provided for storage and
batching of bulk fly ash, the material

had to be shipped and stored in bags.

To alleviate a dust problem, the fly

ash was mixed with water in a build-

ing entirely separate from the mixing

plant. (See Fig. 5). A standard grout

pump then delivered the slurry to

the batching floor of the mixing plant,

where by simply turning a valve, the

batcher at the control board could

add any specified quantity to the

mixing water by watching the dial on
the water tank scale. The pro-

portions of ash to water were
standardized at one to one by weight

which gave a very pumpable slurry.

To arrive at the mix proportions, the

inspector at the plant had only to

deduct the amount of water in the

fly ash slurry from the total mixing

water, which was calculated easily

because of the simple ratio main-
tained in the slurry mixture. When
the slurry was not being dravvn off at

the concrete batching floor, it was
automatically recirculated to the

grout pump by means of a two-way
valve, thus maintaining the ash in

suspension. As there was no setting

action of the ash in water, the mix-

ture could be recirculated almost in-

definitely. Even though the mixing

plant inspector was in a separate

building from the batching of the fly

ash, any error in the fly ash slurry

proportions could be quickly detected

by checking its specific gravity with

an hydrometer.

Thus there were two completely

independent operations, the men in

the fly ash shed being concerned only

with maintaining an ample supply of

uniform slurry, and those in the con-

crete plant having only to turn a

valve and draw the ash off when it

was required. (See Fig. 7). This had
many advantages:— it kept ali of the

dust out of the mixing plant; it did

not interfere with the simultaneous

production of regular and fly ash

concrete for different parts of the

job; and the premixing of part of the

cementing agent in water had cer-

tain basic advantages from the

standpoint of control and thorough-

ness of mixing.

Whitedog and Caribou Projects

Each of these stations had three

generating units, the scroll case roofs

of which were about 50 x 50 ft.

with a 20-ft. diameter central open-

ing for the turbine. Normally these

roofs are placed in four segments di-

agonally opposite segments being

placed simultaneously with a two-

week cooling period before place-

ment of the other two segments. Tliis

procedure would have involved a

total loss of about three months of

valuable time for the two projects,

to say nothing of the cost of bulk-

heads, waterstops and drains. There-

fore it was decided to place the

whole roof of each unit as a mono-

lith, utilizing fly ash to minimize the

thermal shrinkage and to assist in

keeping the large area "alive" dur-

ing the placing. In these pours fly

ash was used to replace 25% of the

cement. A water-reducing retarding

admixture was also used in this con-

crete to lower the water requirement

and to ensure proper control of the

amount of retardation.

In spite of extra ingredients in the

mix, concrete of remarkable unifor-

mity was produced, and cold joints

were avoided. The slurry method of

handling the fly ash was used at

both of these projects, and since it

was not convenient to add the slurry

to the water hopper at the Caribou

plant, a separate measuring tank

with an agitator was successfully in-

stalled on the batching floor of the

mixing plant.

Otter Rapids Project

During May of this year concret-

ing started for the Otter Rapids Gen-
erating Station on the Abitibi River

south of James Bay. It will be the

first hydraulic structure which the

Hydro has placed in relatively shal-

low lifts, and since this practice in-

creases the danger of thermal crack-

ing, fly ash is being used as a partial

cement replacement to keep the tem-

perature rise to a minimum. The ash

is being obtained from the mechan-
ical and electrical precipitators at

the Hydro's R. L. Hearn Generating

Station in Toronto and is shipped to

Otter Rapids in bulk cars at a con-

siderable saving over the cost of ce-

ment. At the job, the ash is stored

in a silo and added to the mixers as

a slurry which is produced as pre-

viously described for the St. Law-
rence Power Project where the

method was first introduced. At
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Otter Rapids the fly ash will com-
piise 30% of the cementing material

in the inass concrete.

Conchisions

Becaiise ot the sueeessful use of

fK' asli as a cemeut replacement in

the past at the Otto Holden, Niagara,

St. Lawienee, \\'liitedog and Caii-

bou Geneiatíng Stations and the

piesent use of om^ own fly ash fiom

the Heain Steam Generating Station

in the concrete at Otter Rapids, it

can be concluded that there are

many structures in which fly ash can

be used with assurance to facilitate

the placing of concrete while at the

same time enhancing its thermal

characteristics and providing signifi-

cant economy.

DISCUSSION
Author's reply

As yet, the only coal-burning

generating station in Hycko's system

that has facilities for dry storage and

loading of fly ash is the Richard L.

Hearn G.S. in Toronto. These facili-

ties were completed only in the late

spring of 19.59. Acordingly, few data

are available to date on the uniform-

ity of fly ash after it has been drawn
from a large number of precipitator

hoppers (both electrostatic and me-
chanical types) and blended in large

storage silos. However, p e r i o d i c

sampling from various hoppers over

the past several years has indicated

that while rather large variations may
occur during periods when the fur-

naces are being started up or shut

down, much greater uniformity and

a higher levei of quality exists when
the plant is operating at or near full

load. The best estimate that can be

made to date of average properties

of the ash prodiiced at the Hearn
station, Table A, shows it to be fully

acceptable according to ASTM spe-

cification C3.50-.57T, Fly Ash for

Use as an Admixture in Portland

Cement Concrete. At the station in

question, fly ash is separated from the

discharge gases in two stages. For

each of the eight generating units,

cyclone-type mechanical separators

first trap the coarser fraction of the

tiny particles while two banks of

electrostatic precipitators in series en-

trap the extremely fine particles

which have escaped from the me-
chanical collectors. Because of a

flexible handling system, fly ash from

each of a multitude of collector hop-

pers can be selected and discharged

in the desired sequence for blending

in a large storage silo to achieve a

uniform commercial product. Alterna-

tively, sub-standard fly ash which
may be produced occasionally, as

PROPERTIES OF FLY-ASH FROM R. L. HEARN GENERATING STATION

Analysis R. L. Hearn G.S. ASTM C350-57T
Speeification

SÍO2 42.0%
AI2O., 20.6% 70.0% Min.
FezOs 23.8%
MgO 1.4% 3.0% Max.
SO3 0.8% 3.0% Max.
CaO 2.8%
H.,() 0.4% 3.0% Max.

Loss on Ignition 8.3% 12.0% Max.

Fineness (Blaine Method)
Mechanical Collector Ash —3350 sq. cm/gram = 2800 Min.
Electro.static Precipitator A.sh—7570 .sq. cm/grani

during start-up periods, can be de-

livered into a second silo for non-

commercial disposal. Accordingly,

future users of fly ash from this

station may be assured of receiving

a product meeting an accepted stan-

dard of quality.

Sulphate Resistance of Fly Ash
Concrete

Experience in Ontário with sul-

phate-bearing groundwater is natur-

ally far more Ihnited than is the

case in the Prairie Pro\'inces where
sulphates occur frequently. So far,

as Ontário Hydro is concerned, sul-

phates in serious concentrations have

been encountered only in two loca-

tions.

In one instance in South-\\ estern

Ontário, sulphate concenti^ations of

1000 to 150 ppm of SO„ were de-

tected in a water-bearing gravelly

la>er immediately overlying the bed-

rock at 80 to 90 ft. below the surface.

Soluble sulphates in cla\- immediatel\-

above the gra\'el la\er were 1300 to

6000 ppm. Subsequent constiuction

in this area did not require the in-

stallation of concrete in this ground

althongli concrete piles had been con-

templated at one stage in the in-

vestigation.

At another location in the south-

central part of the Province, drain-

age from a large storage area for

bituminous coal was foinid to have

pH \alucs ranging from 8.0 to as low

as 2.5 and widely-var\ing sulphate

contents averaging from 100 to 6000

ppm. Minor concrete structures in
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the drainage path were found to have

suffered damage which was limited

mainly to surface attack to depths of

IVz in. after service periods as great

as 40 years. In 1950, a limited ex-

posuie program was initiated in

which specimens of ordinary and fly

ash concrete made from normal port-

land cement were immersed in the

sulphate bearing groundwater as it

was collected in a drainage channel.

The results to date, as illustrated by
Figure 1 have indicated appreciably

superior resistance of fly ash con-

crete. The condition described ap-

pears to be a rather unusual one for

this area since examination of several

other coal storage locations has

failed to disclose such severe condi-

tions. Also, the area most severely

affected is restricted to a radius of

a few hundred feet owing to the

effects of dilution and reactions with

soil components. However, in other

countries, water draining from coal

mines and coal bunkers is known to

have damaged concrete, particularly

when coal has a high pyrite content.

In addition to the above general

description, it can be seen from the

photograph that the model discharge

issued from a penstock which was
tapered in plan and controlled by
a form of taintor gate constructed

by supporting a curved plate between
a pair of light wire spoke wheels.

To ensure rigidity and as a precau-

tion against vibration, both the bear-

ings for the wheels and the penstock

chute were mounted in a heavy steel

framework. The cam is mounted at

the top of one of the wheels and the

LVDT is actuated by a cam follower.

The impact tube in the penstock

feeds the total head into the dia-

phragm of the pressure ti^ansducer

shown on the bottom left-hand corner

of the photograph. As mentioned

above, both the transducers were of

the linear variable transformer type.

The primary windings of both were
excited from the same 100-volt

supply.

Modifications to the size of the

model surge tank were quickly made
by placing displacer blocks inside

a master tank built larger than the

maximum size to be tested. The rise

and fali of the water surface in the

tank was visible through a trans-

parent panei in the side of the tank.

The period of the surge was approxi-

mately 14 seconds. Modifications to

the station output could be simulated

The Effect of Fly Ash Concrete on
Form Pressures

It is true that the fly ash has a

retarding effect on the stiffening of

fresh concrete; the amount of retarda-

tion varying with the percentage of

cement replaced by fly ash and the

temperature of the concrete. During
hot weather the "slowing of the set"

is usually beneficiai, particularly in

massive concrete; and during cold

weather, when the materiais have to

be heated to prevent freezing, its

effect can be offset by raising the

placing temperature a few degrees.

Although the exact relation of "rate

of stiffening" to form pressures has

not been established, using the ACI
Committee 622 from pressure 's form-

ula, it can be calculated that raising

the placing temperature ten degrees

(from 55 to 65) will offset the effect

of a replacement of 30 per cent of

the cement with fly ash. At lower

temperatures the retarding effect is

more pronounced requiring a greater

increase in the placing temperature

or a strengthening of the forms.

by changing the cam attached to the

control gate.

During tests, the control gate was
first locked for some minutes at its

equilibrium position, then, by means
of a mechanical clutch in the drive

between it and the servomotor, the

system was brought imder "gov-

ernor control". If the resulting

oscillations progressively increased

the size of tank was below the criti-

cai and the tank unstable. If they did

not increase, the "governor" was de-

clutched and the control gate

moved away from its equilibrium

position. Bringing on governor con-

trol from this position simulated a

station load change and the model
accurately reproduced the resultant

surges whose damping characteristics

could then be studied.

To facilitate observation of surges

and to give a permanent record, the

output of a second pressure trans-

ducer was applied to an oscillograph.

Testing with this apparatus pro-

ceeded very rapidly. Four tank sizes

could be tested at two different sta-

tion outputs in one morning and the

model, in spite of its complexity, more
than paid for itself since the results

showed that stable operation would
be achieved with a prototype surge

tank smaller than that which would
have had to be adopted if the de-

sign had been based on classical

analytical studies.

Conclusions

Experience in the operation of a

hydraulic laboratory and in conduct-

ing prototype tests has shown the

authors that the full benefits of

experimental work in hydraulics can-

not be obtained without the aid of

techniques developed in other fields

of Science and engineering.

The examples described show how
modern techniques and instmmenta-

tion may be applied to extend the

scope of some hydraulic experiments

and give increased information about

the hydraulic phenomena involved.
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SOMETHING
CAN BE DONE

ABOUT NOISE

F. S. Howes, Professor of Electrical Engineering

McGill University, Montreal, Çue.

Nois2 is unwanted sound—The sound of my radio or T.V. receiver is wanted by
me but not by my neighbour. It may be music to my ears; it is noise to bis.

Tbe roar of a motor at midnigbt may be a most welcome sound to the ears of

the owner who bas been trying for some time to get it started with a rapidly
expiring battery; it is very definitely noise to ali of us who are wakened out of a

sound sleep by the disturbance as it enters our bedrooms. Noise is unwanted
sound.

SOUND IS A DISTURBANCE in-

itiated by mechanical vibration

and propagated out fiom the souice

at a velocity determined by the natuie

of the médium. The médium may be
a gas, a liquid or a solid •— any
médium characteiized by elasticity

and mass. However, most of the

sounds that constitute a problem to

US are propagated through air —
they are air-borne sounds. It is im-

portant to remember that the source

of ali sounds is vibration — some-
times periodic and at a definite fre-

quency; sometimes explosive or in

the form of a shock, rising rapidly

to a peak value and then dying away.

Examples of both types of source are

found in the production of human
speech sounds; in the instruments of

an orchestra or in an industrial plant.

The amount of energy involved in

the sound depends upon the ampli-

tude of the vibrations and the area

of the moving part. The greater the

amplitude, the farther the air in con-

tact with the moving part is pushed
from its equilibrium position; i.e., the

greater the compression and hence
the greater the sound pressure. The
greater the area in motion, the great-

er the volume of air compressed and
the greater amount of mechanical
energy converted to acoustical energy
to be radiated away as a sound wave.

If a part of a machine is in simple

harmonic motion at a high speed, the

sound produced may be a relatively

pura musical note. I say relatively

pure because there are always some
harmonics present and it is in fact

the presence of the harmonics vvhich

enables us to distinguish between
different musical instruments playing,

-say, middle C. In stringed instru-

ments, the string vvhich is the source

of the sound may be struck as in the

piano, plucked as in the guitar or

bowed as in the violin or 'cello. The
frequency of the note depends on
the length of the string, its mass.

elasticity, the tension on it. The vol-

ume of sound produced depends on
the amplitude of vibration of the

string and on the area set into motion

by the vibration of the string. Clearly

the string itself could not move much
air, but the string is attached to a

sounding board — the body of the

violin or 'cello or guitar which by
responding to the vibrating string

modifies the tone but also greatly en-

hances the volume. Examination of

other instruments used in an

orchestra or band as e.g. the wind
instruments or the percussion instru-

ments bring out the same points —
something is set in vibration and a

sound is produced which has a fun-

damental or lowest frequency usually

controlled by the player; a quality

which is peculiar to the instrument

and may depend on the manner of

initiating the vibration as e.g. com-
pare the tone of the single reed clar-

inet with that of the double reed

oboe, and a volume depending partly

on the player but also on the area

of the vibrating part.

To sum up

—

1) Noise is vmwanted sound

2) It is generated by some vibrat-

ing body
3) The acoustical energy involved

depends on the amplitude and
area of the vibrating part.

The Effects of Noise on People

Most people are startled and an-

noyed by a sudden loud sound. On
the other hand if a noise is sustained

hour after hour, day after day, our

reaction depends very much on

whether the noise inteferes with what
we want to do. We may be annoyed

or frustrated and both of these reac-

tions may make us tired or tense;

if this condition is continued over a

period of time it may have definite

physical effects. But our reactions to

noise depend markedly also upon the

nature of the noise and its intensit\ ;

whether it is high pitched or low;

steady or intermittent; whether it

makes speech communication or the

use of the telephone difficult. Some
noises can in time result in tempor-

ary or permanent, partial or total loss

of hearing. To understand these

effects better, we must know some-

thing about the hearing mechanisni

in man — the ear itself.

The hearing sense and the ana-

tomical structure which enable us to

hear ha\e of course e\'ol\"ed with

man over the millions of years. Acute

hearing still has a ver\- marked sur-

vival value. How much more must

this have been true when man lixed

a more rugged Hfe with his physicai

existence threatened by enemies on

e\'er>' side. Those with poor or im-

paired hearing did not survi\ e; those

with acute hearing passed on this

characteristic to their offspring. The
result is a hearing mechanisni that is

not onI\- incredibh- sensitive but

amazingly versatile.

A functional schematic of the ana-

tomical structvue of the ear is sliown

in Fig. 1.^- ~ The main features are

the outer. middle and inner ear; the

link motion mechanicalh' connecting

the relati\eh- large eardrum to the

small o\"al window at the entrance to

the cochlea; the cochlea itself, filled

with liquid. The three tin\- bonés

(ossicles) which provide the linkage

between the eardrum and o\al win-

dow, make possible the energ\ trans-
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fer from the outer to the inner ear

The ear receives and responds to

air-borne, acoustic vibratory energy

over a frequency range of about nine

octaves and a dynamic range of more
than one million to one. Its output is

nerve impulses in the auditory nerve.

These impulses convey auditory in-

formation to the brain. We are not

here concerned with how acoustic

energy stimulates these nerve impulses

or with the way in which the inner

ear performs a partia! acoustic analy-

sis of sounds with respect to their

pressure, frequency or time of arrival.

Ali these are problems of the physiol-

ogy of hearing. For the purposes of

noise control it is enough to know that

the outer ear conducts acoustic en-

ergy to the middle ear and that the

middle ear serves as an impedance-
matching device to deliver the ener-

gy efficiently to the inner ear. We also

know that the inner ear may be

harmed by certain diseases and also

by excessive noise.^

Although the ear is an exceedingly

sensitive device, it is not equally

sensitive at ali frequencies nor do ali

ears respond over the same frequency

range. An average young ear which
we shall refer to as having "normal"

hearing, can detect sounds from about

20 cycles per second to 16,000 cycles

per second or higher and its dynamic
range extends from a sound pressure

of 0.0002 dynes per sq. cm. at the

threshold of hearing at 1000 cps. to

Fig. 1 Functional
schematic diagram
of the ear.
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at least 200 dynes per sq. cm. at the

threshold of feeling. This very small

pressure at the threshold of hearing

produces a displacement of the ear

drum that is of the order of IO"**

cm. This distance is less than one

tenth of the diameter of a hydrogen
molecule! * The threshold of hearing

and the threshold of feeling for a

normal ear are shown in Fig. 2.

It will be noted that in Fig. 2

the "decibel" system is used to ex-

press the sound pressure levei. Using
this system, the sound pressure levei

in decibéis or db is defined as

20 logio(Pi/Fo) db where is the

sound pressure one wishes to ex-

press in db and is the reference

pressure. The reference pressure

usually is 0.0002 dynes per sq. cm.

which is the threshold of hearing at

1000 cps. If we take as equal to

200 dynes per sq. cm., then the cor-

responding sound pressure levei is

20 logio(200/0.0002) db = 120 db.

This is the sound pressure levei at

the threshold of feeling at 1000 cps.

Fig. 2 Frequency dynamic range of the ear.

Frequency Bands CPS

20 30 200 500 1000
Frequency CfiS.

2000 5000 10.000 20,000

re 0.0002 dynes per sq. cm. The refer-

ence pressure must always be stated.

The decibel system is also used to

express power leveis in acoustics.

Again, by definition, the power levei

in db is 101ogio(Wi/WJ where
Wj is the power whose levei one

wishes to express in db and is

the reference power. is taken at

10-1* watts. As an example, the aver-

age power levei of the male voice

speaking normally is 84 db re 10""

watts. Thus 101ogio(W,/10-i3) = 84

or Wi = 25 X 10-fi watts.

From the above, it is seen that

due to the extreme sensitivity of the

ear the amount of power involved in

speech communication is exceedingly

small. One man speaking at normal

voice radiates 25 microwatts of acous-

tic energy. Thus, it would take one

million men ali talking at once to

radiate the acoustical equivalent of

the electric energy required to light

a 25 watt lamp! Of course it would
not work out quite this way because

long before a million men could be

assembled for the trial, the "cocktail

party effect" would set in and every-

body would be shouting! But per-

haps the point has been made that

ears are sensitive and even sounds

which are very loud do not involve

as much energy as one might suppose.

Fig. 2 represents the characteristic

of the "normal" ear, but the normal

ear is a young ear. There is a pro-

gressive reduction of hearing acuity

with age in both men and women
although the deterioration in men is

somewhat greater at a given age. This

loss of hearing acuit\' due to age is a

permanent loss, but age is not the only

cause of such loss. Damage to vital

parts of the hearing apparatus will

of course affect its normal function-

ing. However, our concern here is

with the effects of noise and it has

been established that sustained ex-

posure to high intensity sound partic-

ularly at the middle and high fre-

quency end of the spectrum can

occasion such loss of hearing and that

this loss may be permanent.

Noise being unwanted sound is,

almost by definition, an annoyance,

but the most specific occasion for

annoyance due to noise is exper-
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Table I

Speech Interference Leveis (S.I.L.)—Average Male Voice

Distance Voice Levei
Feet Normal Raised Very Loud Shouting

0.5 71 db 77 db 83 db 89 db
1 65 71 77 83
2 59 65 71 77
3 55 61 67 73
4 53 59 65 71
5 51 57 63 69
6 49 55 61 67

12 43 49 55 61

ioiKOil wlion thc noist' prevents oiie

trom comimmicating with someone
olse either directly or by telephone.

The plienomenon responsible tor this

speech interference is called mask-
ing. Speech sounds contain a great

nianx' trequency components extend-

ing upward to at Icast 10,000 cycles

per second. Most of the energy in

speech sounds is at the lovver fre-

quencies — up to 3000 cycles per

second at least are essential for the

intelHgibiHty of speech. And there is

very httle acoiistic power in these

high frequency sonnds. Thus if noise

is present, tlie intensity of the wanted
sound niust be increased if it is to be
heard above the unwanted sound.

This effective raising of the thres-

hold of hearing for the wanted sound
by the unwanted sound is called the

masking of the wanted sound. When
we say that we cannot hear what the

other person says due to the noise,

we usually mean that while we hear

his voice (low frequencies) we can-

not understand what he says — be-

cause those higher frequency com-
ponents which are essential for intel-

ligibility have been masked by the

noise. So we raise our voice; i.e., put

more energy into the high frequency

sounds to override the masking noise.

The other person also raises his voice

and we succeed in communicating.

To have to shout to a colleague across

the desk or to go to some other loca-

tion to telephone or to spell out D
for Donald, T for Tom and P for

Peter, takes time and is annoying,

but does enable us to convey mean-

ing in spite of the masking effect of

the noise.

Summary

1) The human hearing apparatus

in its normal condition is ex-

tremely sensitive and responds

over a wide range of frequency

and sound pressure.

2) Its sensitivity decreases with

age and may be seriously im-

paired by sustained exposure to

high levei noise.

3) For speech to be intelligible,

frequency components up to at

least 3000 cps. must be clearly

heard. The phenomenon of

masking results in noise causing

interference with speech com-
munication.

The Role of the Engíneer

So far I have been considering

the phenomena and effects of noise.

A good deal of this is of course

familiar to you. What you would like

to know now is what you as an engí-

neer can do about the problem.

Noise is just another engineering

problem and the approach to this

one is the usual approach — get at

the facts. When people— any people,

complain about noise, they should

be taken seriously. Their reaction is

qualitative and subjective, but it cor-

responds in some measure to the

quantitative and objective situation.

What are the facts? What sound

pressure leveis at what frequencies

are actually present in the arca where
the people concerned are working?

Until these facts are known, nothing

can be done. When we know them,

we can compare them with estab-

lished criteria regarding hearing dam-
age risk and speech interference.

In Fig. 3, "Tentative Hearing Risk

Criteria"'' are showni in the form of

a graph. Ears vary a great deal in

sensitivity and sound pressure leveis

which may damage some ears in a

short time of exposure ma\' lea\e

other ears unaffected. The safe thing

to do is to keep the leveis belo\\- the

criticai zone. If measurements indi-

cate for example the sound pressure

levei in the 300 to 600 cps. band is

100 db, then to a\ oid hearing dam-

age to those working in that area.

the levei must be reduced to 94 db

or lower.

In Table I are shown Speech In-

terference Leveis in decibéis (re

0.0002 d\'nes cm-) which barely per-

mit reliable word intelligibilit\- at the

distances and \oice le\els indicated.*

It is assumed that there are no re-

flecting surfaces to aid the direct

speech.

It will be noted that the voice

leveis are 6 db apart and that each

doubling of distance requires a re-

duction of 6 db in the permissible

S.l.L.

The S.I.L. is defined as the arith-

metic average of the Sound Pressure

Le\els (SPL re 0.0002 dxiies cm-) in

the 600-1200, 1200-240Ó and 2400-

4800 cps bands. Thus for example,

if the S.I.L. is 49 db, two people may
converse in a normal voice at 6 ft.

If they are 12 ft apart. they will be
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able to converse equally well if they

raise their voices 6 db. However, if

they are to converse at normal voice

levei when 12 ft apart, the S.I.L.

must be reduced to 43 db.

Beranek" has given noise criteria

for offices based upon extensive ex-

perience as a consultant on office

noise problems. In the table and
curves which follow (Fig. 4) NC
means Noise Criterion and the NC
number refers to the speech inter-

ference levei. Thus NC-40 means an

S.I.L. of 40 db.

These noise criteria are based on

today's acceptable speech interfer-

ence leveis. No doubt they will be

altered as our knowledge of these

matters is extended. Similarly with

the hearing damage risk criteria.

Hardy's'^ paper referred to was pub-

lished seven years ago. Glorig/ writ-

ing five years later, suggests the fol-

lowing:

"If the sound energy of the noise

is distributed more or less evenly

throughout the eight octave bands

and if a person is to be exposed

to this noise regularly for many
hours a day, five days a week, for

many years, then, if the noise levei

in either of the 300-600 cps band
or the 600-1200 cps band is 85 db,

the initiation of noise exposure

controls and tests of hearing is ad-

visable. The more the octave band
levei exceeds 85 db, the more urg-

ent is the need for hearing conser-

vation."

However, in spite of the fact that

these criteria are likely to change,

it is clear that enough data is avail-

able to make a start. Using these

data as criteria and comparing them
with the measured data in the area

under study, the amount of noise

reduction required may be readily

seen.

To solve problems in any branch

of engineering, one must know a

certain amount of basic theory. The
basic theory of acoustics is not espec-

ially difficult, but it must be mastered
if one is to handle noise problems

intelligently and with a minimum of

expenditure. In the bibliography at

the end of this paper, reference is

made to some suitable textual mater-

ial.

Summary

1) As with any other engineering

problem, the engineer must in

this case obtain quantitative,

objective data about the noise

leveis in the space he is con-

cerned with;

2) Criteria are available concern-

ing damage risk and speech in-

terference leveis which enable

the engineer to decide what
noise reduction is required in a

given area to achieve accept-

able conditions;

3) The intelligent application of

acoustic theory can lead to a

satisfactory solution of many of

our noise problems.

Measurements

To obtain quantitative data on the

noise at a given location, one must

make measurements and the essential

equipment for this purpose is a

Sound Levei Meter and an Octave

Band Analyser.

With the Sound Levei Meter one

determines the over-all sound pres-

sure levei at ali working locations

where it is difficult for two persons

with normal hearing to converse at

arm's distance.*

The Sound Levei Meter measures

only over-all sound leveis. For a

more complete description of the

sound, measurements involving fre-

quency are also necessary. This is the

function of the Octave-Band Analys-

er. Neither hearing damage risk nor

speech interference leveis can be

determined by a single-number, over-

all levei. One must also know how
the sound energy is distributed over

the frequency spectrum.

The Sound Levei Meter consists of

a microphone, an amplifier, an atten-

uator and an output meter, ali housed

in a small portable box. The device

is powered by batteries or may be

adapted for use with the llOV, 60

cps supply. This instrument which

has characteristics specified by the

American Standard Association gives

the Sound Pressure Levei in db re

0.0002 dynes, cm2. The Octave Band
Analyser is used in conjunction with

the Sound Levei Meter and taken

together one obtains the sound pres-

sure levei in each of eight octave

bands extending from 37.5 cps to

9600 cps.

The Sound Levei Meter costs about

$350 and the Octave Band Analyser

costs about $550. A vibration pickup

mav be added for $100 making a

grand total of $1000 for ali of the

essential equipment.

Acoustical measurements are some-

thing of a science and something of

an art still. The available instrumenta-

tion is adequate but must be used

with understanding and the results

interpreted with care. One cannot in

a paper such as this go into the de-

tails of what to do and what not.
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Iiistniinent mamifactiiiers supply very

gtxnl iii.uuials with their ineters and
inuc-h w ill he found iii tlie liteiature

to gviide the novice. In a good many
situatioiís high accuiacy in nieasure-

inent is not essential in a preliminary

.sur\ e\' and a preliminary siirvey may
bo siitficient to indicate the magni-
tude of tlie problem on hand. By the

time management has been persuaded

to take the matter seriously, the engi-

neer who has been assigned to "clean

iip the problem" can have acquired

considerable experience in making the

necessar\' ineasiirements.

Sumniary

1) The essential equipment for

making noise measurements is

a Sound Levei Meter and an

Octave Band Analyser.

2) This equipment vvill cost about

$900 plus customs duty.

3) With this equipment and a olear

grasp of basic acoustic theory,

most noise problems can be
dealt with fairly adequately.

Treatment

The first problem is always to get

at the facts about the actual noise

leveis that exist and their frequency

distribution.

The second problem, assuming that

these leveis indicate that some reduc-

tion is in order, is to isolate the

source of the noise — find out what

is vibrating. The ideal solution to

every noise problem is, having dis-

covered the source, to eliminate the

noise at the source. If the source is

your neighbour's radio or T.V. or 2-

year-old child, the solution may call

for more knowledge of psychology

than of acoustics. If the source is a

machine, some part of which is vi-

brating, partial redesign of the ma-
chine or the stiffening of some struc-

tural member may kill the vibration

or move it to a part of the frequency

spectrum where it is less bother-

some. The first step is to locate the

source. If the noise cannot be elim-

inated at the source, it may be
possible to modify its environment.

At this point some knowledge of

room acoustics is a good thing. A
noise source radiates sound in ali

directions and these sound waves
travei out at about 1130 ft. per sec-

ond toward the boundaries of the

room. Some of the sound energy is

absorbed at the room surfaces and
the remainder is reflected. Depend-
ing on the size of the enclosure, there

may be many reflections in a second

and before very long a diffuse sound
field is built up in the room. This

diffuse sound field is called the

reverberant field. It is always much
weaker than the direct sound near

the source. The operator of the ma-
chine which produces the noise is

in the direct sound field; the other

people in the room are in the rever-

Table II

Recommended Noise Criteria for Offices

NC Curve of
Fig. 4 Comm unication Environment Typical Application

NC-20 to NC-30

XC-30 to XC-35

N'C-3.5 to X'C-40

XX'-40 to XC-õO

XC-õO to XC-55

Above XC-55

Very quiet office. Telephone
use satisfactory. Suitabíe for

large conferences.

"Quiet" office. Satisfactory for

conference at 15' table. Xormal
voice 10-30 ft. Telephone use
satisfactory.

Satisfactory for conferences at

6-8 ft. table. Telephone use
.satisfactory. Xormal voice 6-12

ft.

Satisfactorj' for conferences at

4 to 5 ft. table. Telephone use
slightly difficult; normal voice
3-6 ft., rai.sed voice 6-12 ft.

Unsatisfactory for conferences

of more than 2-3 people. Tele-
phone use slightly difficult;

normal voice 1-2 ft. ; raised

voice 3-6 ft.

Very noisy. Telephone use diffi-

cult. Unsatisfactory for offices.

Executive office and conference
room for 50 people.

Private or Semi-private office.

Reception room. Small con-
ference room for 20 people.

Medium-sized offices and in-

dustrial business offices.

Large engineering offices, draft-

ing rooms, etc.

Secretarial áreas (typing), ac-

counting áreas (business ma-
chines), etc.

Xot recommended for any type
of office.

NOTE: Noise measurements made for the purpose of judging the satisfactoriness of the

noise in an office hy comparison with these criteria should he performed with the office in

normal operation, but with no one talking at lhe particular desk or conference lahle ivhere

the measurement is being made.

berant sound field. The more absorb-

ing material there is on the room sur-

faces, the weaker will be the rever-

berant field and hence the less will

the other people in the room be
affected by the noise. But increasing

the room absorption will not help

the operator of the machine — his

machine makes the noise. Thus to

eliminate the noise at the source is

to help everyone; to treat the room
only is to help the many but not the

machine operator. The first effort

should therefore be to work on the

machine.

If the machine cannot be altered

to reduce the noise, perhaps it can

be moved or enclosed. Sometimes
vibration in a machine is transmitted

through its foundation to structural

members of the building and so ap-

pears on ali floors. Resilient mounts
for the machine may be the answer.

The paths by which noise is being
transmitted should be examined. A
ventilation duct outlet in one room
may be delivering air and picking up
noise which is then delivered through

another duct opening into another

room. The walls between the machine
room and an office may have suffi-

cient transmission loss to reduce the

outside noise to a suitable levei, but

there may be boles in the wall to let

pipes through. The transmission loss

through an opening is zero.

There is no single formula which
will give the answer in ali cases. Such

formulae as there are must be used

with understanding and judgment and
success in handling a noise problem
means reduction of the noise to

acceptable leveis at reasonable cost.

But instrumentation is available to

make the necessary measurements

and useful theory and criteria have

been developed over the past 25 years

to handle these problems satisfac-

torily. What is needed now is the

will to do something about noise.

Summary

1) First, determine by measure-

ment the noise leveis and the

frequency distribution on an

octave band basis.

2) Isolate the source of the noise,

b>" modification of the machine.

moving the machine, building an

enclosure around the machine.

3) The operator of the machine is

in the direct field and can only

be helped if the noise is reduced

at the source.

4) Other people in the room are

in the re\erberant field and can

be helped hy the use of sound

absorbing material in the room.

5 Ali the paths by which sound is
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transmitted from source to re-

ceiver must be examined and

blocked.

6) Remediai measures are always

possible once the decision has

been taken to clean up the noise

situation.

The Future of the Noise Problem

Not so many years ago, refrigera-

tors and automobiles were very noisy.

They are not noisy now because the

purchasers of these devices preferred

to have them quiet and in a highly

competitive market, whoever built

the quietest machines sold them. The
pressure is now on outboard motor
manufacturers, on the manufacturers

of ali kinds of tools operated by
compressed air; on the manufacturers

of large power transformers. Not long

ago a Russian jet airliner was not

allovved to land at New York's Idle-

wild Airfield because its noise leveis

were too high.

A corresponding French machine,

the "Caravelle", was granted permis-

sion to land because it had met the

noise limit requirements of the air

port authorities. And vou may have

heard that in Paris taxi drivers are

no longer permitted to blow their

horns with such gay abandon.

The writing is on the wall. Be-

tween customer preference and civic

ordinance, the makers of noisy ma-
chines, devices and appliances must
now be concerned with decibéis as

well as with horse power, efficiency

and cost. This concern will become
acute when the purchasing agents for

industrial firms begin to add to their

machine specifications, the maximum
noise leveis they are prepared to

accept!

But the desire for peace and quiet

is not the only force at work in this

situation. Certainly the major imme-
diate reason for the widespread atten-

tion given to noise problems in the

United States is the increasing nvmi-

ber of claims for compensation awards

on the grounds of deafness incurred

while working in a noisy environ-

ment. Only recently has Workers
Compensation legislation in that coun-

try been extended to cover this dis-

ability. Some day some union negoti-

ator will lay it on the line that certain

specified maximum noise leveis must
be written into the contract. That will

be a bad day for the employer but a

happy one for everyone else.

The problem of traffic noise has

not been mentioned here although

there has been incidental reference

to efforts to control aircraft noise in

and about airports.

Something can be done about noise

and the sooner engineers become
noise conscious and begin to work on

the problem, the better. The reduction

of noise to acceptable leveis in the

nations industrial plants and offices

is going to cost a lot of money. It

may cost a good deal in your own
plant, but it will cost a good deal less

and a more effective job will be

done if those who tackle it are

supplied with adequate measuring

equipment and know what they

are about. The cleaning up of the

noise problem is also going to save

a good deal of money — in the

long run. We are told that public

relations, like charity, begins at home.

Nothing, one would imagine, could

do more for workers' morale than a

serious, all-out effort to reduce fac-

tory and office noise. A good many
precious ears will be saved from par-

tial or total destruction; there will

be greater efficiency because of easier

coínmunication; less strain on every-

one. And perhaps machines might

even last longer if they didn't shake

so much.
I have, of course, given you an

over-simplified picture of what is

involved in this noise problem. Some
of you know this; the others will

find it out when they try to do some-

thing about it. However, one cannot

give a course in acoustics or apply

acoustic theory to a multiplicity of

noise problems in a short paper. If

I have stimulated your interest in the

matter, that will do for a start.

Summary

1) Machine manufacturers will

build quieter machines if we
demand them.

2) Loss of hearing due to long

time exposure to high noise

leveis may be a responsibility of

the employer and call for work-

er compensation.

.3) Unions may justifiably demand
the elimination of high noise

leveis as an industrial hazard.

4) Noise is definitely an engineer-

ing problem and the sooner en-

gineers accept it as such, the

better.

5) A noise reduction campaign will

cost money, but in the long run

may well save money also.
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a biography

Authors - Ludwik Kos-Rabcewicz-Zubkowski, LL.D.,

William Edward Greening, M.A.

Published under the auspices of The Engineering Institute of Canada.

Engineers' Wives Please Note:

AN IDEAL CHRISTMAS GIFT
FOR YOUR HUSBAND!

This 212 page cloth-bound volume describes the life and achieve-

ments of one of Canada's outstanding engineers of the nineteenth

century. When ordered for a meniber of the Institute.^ the price
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DISCUSSION
of Technical Papers and Other Articles

SOME CONSIDERATIONS IN STEAM POWER PLANT DESIGN

A. G. Christic, m.e.i.c. Professor Eineritus
Mcrlidiiicíil r.ii<ii)icc'riiifi Department
Johii.s Hoiikiu.s Uitiversity, Baltimore, 17. S.A.
The Enginceri)i<^ Journal, 1959, October, p. 63.

Discussion oii tlie paper, "A Gas Turbine Power Plant for Locomotives" followed
Professor Christie's paper in our October issue, and we offer sincere apologies to our
readers and to the authors of both papers for any confusion this inay have caused.

Author's Reply

This brief paper brought out a

suipiising amount of constructive dis-

cussion. This indicates that Canadian
engineeis are keenly interested in,

and quite aware of, the problems of

modern steam plant construction and
operation.

Canadian Utilities are growing
rapidly and in ali probability vvill con-

tinue to do .so for many years. Some
will triple and others quadruple in

size during the next fifteen years

which is less than half the expected
life of the .steam uníts that will be
added. Under such conditions small

generating units to fit todays situa-

tion, become uneconomic with rapidly

growing loads particularly in view of

interconnections and pool formations.

Hence foresight and judgment rather

than probability calculations must
govern the choice of new plant. Such
considerations point to larga unit

sizes and the more advanced steam

conditions.

Hydro electric power must, in the

future, take a secondary place in most
Canadian power systems to steam and
atomic generated power. Then hydro
plants with water storage, will be
modified to serve on shift operation

to carry peak loads and to serve as

emergency stand-by, leaving base

loads to the steam and atomic energy

stations. This will increase the Kilo-

watt-hour total output of the steam

turbine generators during their useful

life and thereby justify the large sizes

of such units and their high steam
operating conditions.

Mr. Holdup presents certain con-

siderations in plant design based

upon operating experiences with shift

operation of large plants. These are

essentially sound and acceptable.

Messrs. Carruthers, Stanley and
Mitchell have submitted comments
also based upon operating experi-

ences and such should be kept in

mind in the design of new plants.

Messrs. Foster, Bernhardt and
others discuss the control of power
plants. The control room will be a

central feature of ali new plants. It is

going through a developmental period

and its functions will be better un-

derstood in the future. Its equipment
will be simplified and made more
reliable and safe. Complete automatic

control of the steam plant and the

integration of its performance data

can be expected although some prob-

lems remain to be solved. Some in-

struments such as the TV sets used

on boilers need to be greatly im-

proved.

Mr. Dryer had much to do with

the establishment of the present Pre-

ferred Standards for steam tiubines

and other standards. He urges fur-

ther standards for large units. No
agreement has been reached on such

standards.

Author's Reply

Mr. Campling felt that I had
created an impression that the pro-

posed residential voltage increase was
a complete change from 120 volts-to-

ground to 240 volts-to-ground. The
criticism is well made. In answer,

first I would say that I did refer to

H. H. Wat,son's paper twice in my
talk, and on the first occasion I stated

Dr. Robb has reviewed the his-

torical development of steam plants

in Canada.

The suggestion to lower flue gas

temperatures drew extended com-
ments. Such lowering introduces de-

sign and operating problems but the

possible gains warrant the solving of

these. Obviously condensation, cor-

rosion and dust collection on any
cooling equipment in the flue gases

must be considered. Preheating of the

cold air to the aii- heater is required

in cold weather. It has been the ex-

perience that steam preheaters using

bled steam have given much trouble

in northern plants, from freezing, par-

ticularly with shift operation or var\-

ing loads. It has been proposed to

use cast iron gilled economizers in

the flue gases be>'ond the induced

draft fan and to circulate through
these an anti-freeze fluid which will

lower the flue gas temperature and
transfer the recovered heat to tem-

pering coils in the cold air inlet of

the air preheater. Corrosion troubles

in chimneys due to low flue gas

temperatures can be prevented by
acid-proofing the lining.

Mr. Holdup comments on fl\- ash.

The quantities of this ash will in-

crease and it is highly desirable that

economic uses for such ash should be

developed.

Other considerations were pre-

sented by discussors with which one

is in general agreement. These will

aid in the design of still better steam

plants in Canada.

that "limited use of the higher volt-

age" was considered. On the second

occasion (see concluding paragiaph^

I enlarged on this b\- giving in full

one of H. H. \\''atson's conclusions —
"Potentials of 240 volts-to-ground

should be used only for permanently

w ircd fixed appliances." Second. I

would say that l deliherately empha-

sized the 240 \ olt-to-ground hazard

SHOCK HAZARDS OF ELECTRIC CURRENTS

A. R. Morse, jr.e.i.c, Assistant Research Officer

Eléctrica] Engineerinfi. Section, N.R.C., Ottawa 2, Ont.

The Enginccriug Journal, Novenihcr, 1959, p. 50
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as being a general hazaid, in con-

trast to the above restricted hazard

for the following two reasons:

(a) It is difficult to see how ali

concerned can be restrained to the

"restricted use" formula, once the

door is opened. A paper by Anderson,

Hutchinson and Pearson ("Higher

Secondary Voltages for Residences"

Feb. 1959 issue of Trans. AIEE)
makes this perfectly clear. The
authors say "Although it may be

necessary initially to make provision

for supply of 120 volts, the maximum
economias of higher voltage second-

aries cannot be realized until 240

volts is the universally accepted

utilization voltage". Furthermore, in

this paper and the Discussion arising

from it, it was strongly indicated that

it was doubtful if there was any

economic gain unless (or even if?) the

increase was general. The discussion

also showed that several of those

commenting feel sure that the pos-

sibility of increased hazard to life

cannot be avoided and that the small

economic gain is not worth it.

(b) While it is not possible to give

clear-cut comparisons between British

(or European) and North American
experience, I would agree with Mr.

Flinn that Americans are more in-

clined to do-it-yourself than the Brit-

ish. Hence the ultimate use of 240
volts-to-ground in America may be a

greater hazard than in Britain. Edu-
cation of the public could only par-

tially compensate. Wills Maclachlan^

in a paper to the AIEE in 1951 gives

a British table showing some figures

for electric shock in factories. Un-
fortunately it does not break down
the voltages in the 0-250 volts group.

But it is to be noted that resuscita-

tion was twice as successful in this

group as in the next group (250-650

volts). One can make the reasonable

assumption that, in the range 0-125

volts, resuscitation under similar (fac-

tory) conditions would be even more
successful than in the 125-250 volt

range.

Mr. Flinn refers to the comparison,

between different voltages, of the

percent of successful resuscitations of

"apparently dead" electric shock vic-

tims. It is fairly well established (see

W. Maclachlan ^) that for voltages

between 250 volts and 5000 volts,

successful resuscitation is most diffi-

cult. At the high voltage end, it is

speculated that increased success is

because (a) the victim is thrown clear

and hence the current is of short

duration (b) the current causes heart

seizure and not ventricular fibrilla-

tion. Additional reasons may be the

high voltage may puncture the skin

causing a low resistance path thus

giving a current surge above the

fibrillation levei; the workman in-

volved is not alone and hence rescue

is begun rapidly; and his rescuers

know what to do. At the low voltage

end, it is speculated that increased

success is because the current has

been too weak to cause fibrillation,

but has caused "only" severe shock,

inability to breathe, and loss of con-

sciousness. In a sense, the low volt-

age end is more serious than the high

voltage end because: electrical con-

tact occurs more frequently and often

under low body resistance conditions,

contact is more prolonged, rescuers

are less capable, children (who re-

quire less current to succumb) form a

larger percentage of the victims.

The current required for heart de-

fibrillation is a function of the size

of the heart. Experiments ^ with dogs

have shown that the resistance of the

dog's heart is around 50 ohms and
that 60 cycle defibrillating currents

between 1 and 3 amperes have been
required for a pulse duration of about

1/10 second. I believe human hearts

are in the same range of size as the

hearts of these dogs. Defibrillators

and electrocardiographs certainly have

an important place in saving victims

of shock, but I feel it is absolutely

essential to maintain a high standard

of training in rescue work and man-
ual artificial respiration. Especially

important is the tradition of not los-

ing a second in commencing resus-

citation and in NOT moving the vic-

tim, say to a location where there is

special equipment, in the meanwhile
administering no artificial respiration.

Mr. W. Maclachlan (in discussion

from the floor) doubted that heart

defibrillators would become standard

equipment for line crews.

Mr. Maclachlan also mentioned
that in one large Canadian Utility,

artificial respiration was successful in

100% of the cases where voltages

were from 0-750 volts. This is indeed

an enviable record. He stated that

fibrillation may not have been present

in these cases, or may have passed

off. He suggested that perhaps fibril-

lation does pass off after a time and

if artificial respiration is continued to

"success" or to "rigor mortis", one

may, contrary to popular belief, there-

fore be able to resuscitate a victim of

fibrillation. Dr. Ballard pointed out

that loss of blood (and oxygen) to the

brain during the period of fibrillation

is considered to be very serious and

even fatal if lasting for more than a

minute or so. From ali that I have

read, I have assumed it to be pretty

well proveu that recovery from fibril-

lation is extremely doubtful unless the

heart is given some form of defibril-

lating treatment; Mr. Maclachlan's

remarks are therefore, to me, very

much appreciated, as he is undoubt-

edly an authority on the subject.

The increasing use of electrical ap-

pliances out-of-doors is going to lead

to an increase of deaths from electric

shock. Two such cases have come to

my attention recently. One involved

the use of an electric sander on a

car fender. A young girl in her bare

feet (it had been raining) was elec-

trocuted upon contact with a de-

fective cord. And in today's paper

there is a report of a woman being

electrocuted when she stepped in a

puddle while using her electric lawn
mower. I do not like to contemplate

the additional effect on this type of

death of increasing the voltage to

ground. Nor should we forget the

utility men who will be exposed, rain

or shine, to 240/480 secondary cir-

cuits regardless of the voltage in resi-

dences, if the proposed increase is

accepted. I agree with Mr. Maclach-

lan who feels there is still need for

study of the problem of electric shock

and how to overcome it.

1. "Electric Shock" by W. Maclachlan.
Ontário. AIEE Misc. Paper 51-281, May,
1951.

2. "Electric Countershock Treatment of
Ventricular Fibrillation" by J. A. Hopps,
N.R.C. No. 3015, June, 1953.

SILVER FALLS GENERATING STATION

P. R. Stratton, P.Eng., A.M.I.C.E., Project Superintendent

C. T. Bath, B.E., P.Eng., A.M.I.E. ( Aust. ) Const. Project Engineer

The Hydro Electric Potver Commission of Ontário.

The Engineering Journal, Octoher, 1959, p. 108.

Reply by Authors

The authors wish to thank Mr.

Patterson for his complimentary re-

marks. Mr. Patterson has rightly

pointed out that the method of shaft

raising employed at Silver Falis has

been successfully used in countries

other than Sweden and the authors

are anxious to dispell any misappre-

hension that the system was unique.

There was full utilization of any pub-

lished data or, the subject, particu-

larl\- the paper Novel Shaft Boring

Mcthocl presented b\- R. S. Henderson

and published in the Institution of

Civil Engineers Proceedings \'ol. 6
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April 1957. The authors also wish to

recoid tlieir iiidchtcdiioss to Mr.
Bi'Iangor oí Atlas Copco of Canada
Ltd. who providcd tluMU witli invalu-

able data and introdiiood thom to

Swedish iMiginecis who liad been
ac'ti\ol\ entíagcd in shaft raising

opoiations for the Swedish State

Power Board projects. In answer to

Mr. Korings rcquest for fnrther in-

formation on tho shaft raising drill

cago it should l)e nnderstood that its

design is hugeh' dependent on the

anionnt of use it w ill be snbjected to

and the competence of the rock.

There w ere tw o such cages used at

Silver Falis G.S. which were simpler

and cheaper to construct that those

used either at the Scottish or Swedish
projects where the usage factor was
mnch higher. The first cage, which is

depicted in a sketch accompanying
tlie paper was octagonal and had a

sectional cone shaped steel roof which
acted as a shield while travelling to

and scaling the face. Since it was
partially destroyed at the completion
of the surge shaft raise it was de-

cided to build a new one. This cage
was circular in plan, had closer

spaced verticular frame members
which acted as rubbing strips, a flat-

tened dome shaped roof with heavy
screen cloth as a shield and an im-

proved water and air supply systeni.

The roof was a fixture incorporating

an access hatch and six telescopic

arins which were used to steady the

cage and support loose planking. The
original method of pinning the cage
to the walls of the raise was discarded
in favour of pivoted spuds which
jammed into the rock crevices of the

raise walls.

The normal mine system of Com-
munications between the miners and
hoist operator was used plus a field

telephone for communication with
their helper at the bottom of the

raise. Mr. Koring can be assured

that the hazards of rock tunnelling

and shaft raising were foremost in

the minds of those responsible for the

operations at Silver Falis G.S. The
Safety Officer, superintendents, en-

gineers, foreman and the miners col-

lectively established the procedures
and type of equipment to be em-
ployed. Having instructed each man
on his duties we made practice runs

until the superintendent was satisfied

that the equipment was functioning

correctly and operational hazards
were reduced to a minimum. For the

shafts, each miner was instructed in-

dividually neither to jeopardize safety

for expediency nor to deviate froni

the adopted procedures. The safety

program at Silver Falis G.S. was de-

veloped from data we had accrued

from the tunnel driving operations at

Aguasabon G.S. and the East Dela-

ware Aqueduct, which was additional

to the valuable guidance received

from Canadian Industries Ltd. and
the Departments of Mines and
Labour. In this regard it is a pleasure

to record that there were no fatal

accidents during either the excava-

tion or concrete lining of the Silver

Falis tunnel and shafts.

Mr. Koring asks whether we would
advocate using a churn drill or a

diamond drill for a pilot hole. Un-
fortunately our experience is limited

to one application of each and neither

proved conclusively that one is

markedly superior. However, as Mr.

Patterson has pointed out, churn

drills have been used successfully

down to greater depths elsewhere

and in the authors' experience the

9 in. diam. hole slightly off line is

preferable to a dead plumb 4 in.

diam. hole. We would therefore ad-

vocate using a churn drill unless time

was of the essence. It is possible that

a pneumatic drill on the lines of the

'Mole' drill might be an answer to

the problem.

Diamond drilling whether for ex-

ploratory holes or for a pilot hole is

relatively expensive and should be

reserved for situations where a per-

cussion drill is unsuitable or a core

is required. At Silver Falis the ex-

ploratory holes drilled from the sur-

face during the early stages of the

job to establish the tunnel alignment

were very costly since they had to

penetrate up to 400 ft. of overburden.

These were subsequently aug-

mented during the tunnel drive using

a pattern of overlapping horizontal

and angle holes which provided more
detailed information of the rock for-

mation and cover and anticipated

water inflow ahead of the face. In-

cluding sampling and testing these

holes cost $5.00 per lin. ft. and in no
way retarded the tunnel drive.

This probing ahead eliminated

most of the inherent risk of the tun-

nel drive being halted or retarded to

overcome adverse rock or water con-

ditions in the 'Depression' area.

In the authors' opinion, the money
was well spent and must be con-

sidered as an insurance policy, to

which most commercial undertakings

would subscribe.

Mr. Koring asks for more informa-

tion on the scheduling and economic
aspects of the site preparation con-

struction facilities and tunnel opera-

tions.

Originally it was hoped to com-
mence tunnelling operations two

months before the actual síarting date.

A setback was caused by an accumu-

lation of delays in obtaining the spe-

cialized equipment and the more ex-

tensive nature of the preliminar}" ex-

cavation to establish the portal face.

Less expensive and possibK' more
readily obtainable equipment had
been considered, but subsequent

events proved that the choice was
well founded.

Silver Falis G.S. was placed in

service on the date originally speci-

fied by the Commissions Engineering

Division, any slower less costly metli-

od of tunnel driving w ould ha\ e pre-

vented this. Almost half the special-

ized tunnelling equipment has been

sold to private contractors at going

prices.

The choice of tunnel driving

methods and equipment is inevitably

contraversial whene\er more than

one system can be utilized and the

authors would not attempt to dog-

matize on such an issue.

The construction roads and facili-

ties were designed to meet the job

requirements and standards of accom-

modation established by the Com-
mission. In some respects tlie\- might

be considered more extensi\e than

some private companies would eni-

ploy under the same conditions. Cer-

tain factors such as standards of

employee accommodation and recrea-

tional facilties effect management re-

lationships with the men, the unions,

the industrx' and the public, and tlie

costs incurred must be judged accord-

ingly. The Commission emplo\s en-

gineers and technicians whose main

function is to reduce expenditures

and improve the standards of their

construction camps.

The relationship between the unions

and management at the site was excel-

lent considering that the basic philo-

soph\- of the construction trade unions

runs counter to tiie establishment of

incentive pay. There were no work

stoppages and there was a mutual

respect by both parties for each others

aims and ambitions. Both unions and

management were on conimon ground

when discussing the safety aspects

of the job and this in itself provided

the keystone to their good relation-

ship.

Mr. Koring asks wh\ the a\ eragc

powder factor was 5.1 pounds per

cubic \ ard. During the earl\- stages

of the tunnel exca\ation the powder

factor was adjusted both wa\s in an

attempt to establish an optimum

which w ould produce the minimvnn

bootleg and best fragmentation for

the mucking machine. After severa!

abortive attempts to reduce the
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powder factor and rearrange the drill

hole pattern, a standard pattern of

72 holes and a powder factor of 5

was established by the superintendent

and shift bosses which produced an
average advance of 15 ft. per 16 ft.

round. No doubt a lower powder fac-

tor could have been used for a shorter

round.

The overbreak varied considerably

according to the rock formation and
the experience of the miners and
supervisors. Initially the overbreak

was excessive until the diameter of

the drill hole circle was established

and the miners controlled the flair on
the holes. During this period the aver-

age overbreak was about 18%. After

the tunnel had advanced 2,000 ft. the

overbreak was nil due to the extreme-

ly competent granite formation and
this continued until we encountered a

blocky formation near the halfway
mark. This condition reoccurred for

most of the remaining 5,000 ft. of

tunnel and in consequence of this the

overbreak averaged about 10% for the

entire tunnel. This was 2% under the
overbreak allowance in the engineers

specifications.

Roof bolts were installed to sup-

port exposed slip planes and over-

hanging blocks of rock which the
shift bosses and superintendent con-

sidered as unsafe. Their concentration

varied considerably, but in the worst
sections were spaced at about 4 ft.

centres and used in conjunction with
spreader plates and wire mesh.

The main power supply to the tun-

nel was 2,300 volts and fed through
a 2/0 No. 10 wire armoured cable
from three single phase 333 kva.

7200/2300 V transformers. Step-down
banks of 3-25 kva. single phase 2300/
550 V. Askarel filled transformers were
located at each fan station which were
at 2200 ft. intervals and 1-5 kva.

2300/110 3 phase transformer were
located at 1100 ft. intervals which fed
into 1/0 cabfire lighting cables, 550
ft. in each direction. The electríc

mucking machine was powered
through a 1500 ft. No. 14 type W
Rinj cable which was supphed by 3-

37.5 kva. single phase 2300/550 v.

Askarel filled transformers. This bank
of transformers was moved into suc-

cessive transformer caves located at

1100 ft. intervals as the tunnel ad-

vanced, the mucking machine never
being less than 400 ft. nor more than
1500 ft. ahead of the transformers.

A 5 kva. 3 phase 550/110 skid

mounted transformer provided temp-
orary lighting in the vicinity of the

working face for those sections which
could not be serviced by the perman-

ent system until the next station was
established,

A continuous grounding bus of 4/0
bare copper conductor had a grid re-

sistance of about 3 Ohms. The instal-

lation was designed for a ±5% maxi-

mum voltage variation.

Mr. Koring asks for clarification on

the extent of the widening at the

passing tracks and the facilities pro-

vided at the servicing bays. The pass-

ing tracks were located at 7 ft. centres

providing 6 in. clearance between
the widest parts of the track equip-

ment. The slashing for the passing

tracks was carried out without effect-

ing the tunnel progress and consisted

of widening 1 ft. at the spring line

and forming a vertically sided horse-

shoe cross section. The servicing bay
was slashed out a further 6 ft. to

accommodate the flaps of the drill

jumbo when fully extended. Included
with the servicing equipment was a

hand operated hoist attached to a

radius arm pressure greasing and com-
pressed air cleaning equipment and
electric and gas welding sets.

The 15,000 c.f.m. ventilation sys-

tem was designed to meet the Depart-

ment of Mines regulations governing

the operation of diesel engines under-

ground, which was about 40% more
capacity than would be required to

meet the 50 c.f.m. per sq. ft. of

tunnel face regulation. Under favour-

able conditions the worst of the smoke
and fumes were cleared in 15 minutes

and by using compressed air and
hosing down the muck pile the fumes
were cleared to a safe levei within

30 minutes.

In replying to Mr. Patterson's re-

quest for information on the condi-

tions encountered, the authors ap-

preciate that this was an obvious

omission on their part. Perhaps one
reason for it was that, for the most
part, the tunnel and shafts were ex-

cavated in competent granite or para-

gneiss which required only occasional

roof bolts for minor slips and blocky

ground. The worst section occurred

at the 2/3 point of the tunnel where
mud seams up to 2 in. wide, major

slip planes dipping at 45° to the west

and highly fractured paragneiss was
encountered. Although steel arch ribs

and plates were available at the site

it was decided that a heavy concentra-

tion of 12, 10 and 8 ft. long roof

bolts with 6 ft. long steel spreaders

and No. 12 wire mesh would meet the

condition with the least delay to the

tunnel advance. The section was ap-

proximately 200 ft. long and caused
an accumulative delay of 3 days. The
entire area was gunited to prevent any
further loosening of the rock, since

the mesh prohibited regular scaling

of the section. We had no further

trouble in this area.

The rock beyond this point was
much 'blockier' than we had prev-

iously encountered but by this time

the supervisors and miners were well

experienced in coping with the less

favourable conditions and the 45 ft.

per day progress was maintained to

the end.

The water inflovv as might be ex-

pected was greatest in the rock de-

pression area and towards the intake.

One of the miners drilled into a

water pocket in this area which blew

out the steel and sent the man sprawl-

ing across the upper deck of the

jumbo. While it caused a momentary
panic amongst the crew, no one was

hurt and the jet of water subsided

shortly afterwards, allowing the crew

to complete the round on Schedule.

The total water inflow never exceeded

the 250 i.g.p.m. capacity of the 3 in.

submersible pumps which were used

to repump the water into the dis-

charge line from the sludge tanks.

The levei grade of the tunnel created

a drainage problem during the invert

clean up and placed a heavy demand
on our supply of 3 in. and IJá in.

pumps, but we considered ourselves

fortunate in not encountering a greater

inflow than we did.

The rock formations in both shafts

were very favourable, the intake more

so than the surge shaft, where we
took the precaution of guniting the

walls to prevent loosening up of the

exposed rock.

In conclusion the authors are in-

debted to Messrs. Koring and Patter-

son for bringing to their notice certain

omissions in the paper and trust that

the answers which have been given

will shed further light on the excava-

tion of the Silver Falis tunnel and

shafts.

WHITEDOG FALLS AND CARIBOU FALLS GENERATING STATIONS

N. S. Haines, m.e.i.c, Project Engineer
The Hydro Electric Power Commission of Ontário.

The Engineering Journal, Octoher, 1959, p. 73.

Author's reply to Mr. Travers' questions are as fol-

The author would like to thank lows:

those offering discussion for their in- 1. The support given the head-

terest and kind remarks. The replies works by the powerhouse substructure
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is niiiior and the lieadworks alone

woiild int)l)al)l\- 1)0 stable for ali con-

ditÍDiís oxcepting ice thrust. However,
siiict" tlio iiiain poiíis of the power-
house .sul)stnic'tiiie weie scheduled to

be complcted hcfoie laising the liead

watcv, the stability ealciilations weie
made to iiulude tlie elfect of the sub-

structure.

2. As noted in the paper, caie was
taken to biing the coiicrete of the

scroll case roof up evenly so as to

pie\ ent side thrust on the embedded
parts of the turbine and to ensure

that no setting had taken place so

as to avoid "cold Joints" in the con-

crete. Adniixtures were used to in-

crease the setting time and to reduce

the heat of hydration. The concrete

was placed from dump trucks on a

Bailey bridge above the form and was
distributed through hoppers and
elephant trunks. Under similar condi-

tions, the same system would prob-

ably be used again, especially if the

work occuned during winter when
cold water and chilled aggregate

would be available at no extra ex-

pense. Provision for draining possible

cracks would probably be made by
pouring the finished floor after the

plant was in operation.

3. Smaller gates proved económica!

when iiicluded as part of the dewater-

ing system as steel stop logs of this

size were available for final closure

from other plants. The large number
of small gates also gave better river

control.

4. An air bubbler system should

reduce ice pressure on the headgates

and racks dining shut-down and re-

duce the trouble in opening sluice

gates during cold weather. It is also

hoped that an air bubble system will

prove more economical than gate

heaters.

5. No difficulties other than those

noted occurred with the sand. The
amount of air entraining agent was
reduced and the trucking system of

I know Dr. Ingledow would like

me to thank those who have submitted

written discussion and to express his

appreciation for the kind things which
have been said in support of our work.

Mr. Russell Potters comments are

particularly appreciated, as he was a

mcmber of the Public Utilties Com-
mission at the time that regulatory

body authorized the project as being

in the public interest.

distribution proved so successful that

no further examination of the sand
was made.

In reply to Mr. R. E. Grouts ques-

tion, the changeover to and from con-

dense at Whitedog Falis is carried out

remotely. In operation considerable

adjustment of the timing relays con-

trolling the inlet air valve has been
necessary to prevent the generator

from momentarily drawing large

amounts of power from the system

when going on condense. Also, it has

been necessary to momentarily short

out the probes which control the air

shut-off because air from the turbo

vents finds its way into the probe

wells at the beginning of the condense

cycle prematurely closing the valves.

Complete heating has been pro-

vided for ali gates to be used until

the air bubbler system has been in-

stalled and proved reliable. The
author feels that even with the in-

stallation of the air bubbler system,

gain heaters will be required.

In answer to Mr. Crowley's ques-

tion regarding the economy of the

earth wing dam at the Whitedog

G.S. as compared with concrete, on

a straight cost basis the earth was

cheaper. However, if intangibles such

as freedom in scheduling and earlier

access from the right banks were

taken into account, concrete might

prove attractive. This would be de-

pendent upon the overall schedule.

Due to the flow available when the

Caribou headpond was being filled,

and the good co-operation received,

it was possible to fill the headpond

and still maintain the required flow

downstream. Most of the filling had

been completed when the outlet to

Te tu Lake was lowered. The water

was allowed to drain off slowly with-

out any control. This provided the

downstream plants with some benefit

which would have been difficult to

measure and no consideration was

given to compensation.

I would like to deal with Mr. Dale

Farnham's comments, generally in

the order in which they were pre-

sented.

The use of vibration resistant alloy

E rather than a pure lead sheath, and

the use of steel wire armour rather

than an aluminum alloy are both a

product of that conservative approaeh

which, we feel, should accompany a

novel installation. While ocean bottom

conditions, as determined prior to in-

stallation, indicated that the cables

would be supported throughout their

length, changing currents could result

in suspension of short lengths between

humps of hard material, and under

these circumstances abrasion and
vibration might occur. The materiais

which have been questioned were
chosen with this in mind. The more
substantial mechanical characteristics

of the cable afforded by the materiais

used have the incidental advantage of

providing added protection against the

arduous conditions of handling and

laying. It is proposed to construct a

one and a half mile causeway for

car ferry purposes immediately to the

north of the cable installation at

Tsawwassen Beach, v.hich could

materially change bottom conditions

in the vicinity. We were not aware

of this possibility at the time the

cable installation was made, but it is

indicative of the sort of thing we
have endeavoured to provide for.

With regard to the complete factory

test of the cable, this, as Mr. Farnham
points out, would have resulted in a

large number of flexible joints being

purposely provided. Three such joints

were actually used—one being made
necessary by a total interruption to

factory power supph', and two due to

equipment failures. Each such joint

has an impulse withstand of 600 k\\

rather than 675 kv for an unjointed

cable. Further, we consider that such

joints are regions of possible weak-

ness, both electric and mechanical,

since they are dependent on the

human element. It was on these ac-

counts that full factory testing was

waived.

I believe Mr. Farnham may have

quite unintentionalK" cast a slur on the

Captain of the Monarch in his com-

ments. The performances of both the

Captain of the Ocean Layer and the

Monarch on our installations were

considered magnificent.

I agree with Mr. Farnham's com-

ments with respect to complete field

tests. We would like to make them

too, but have never been able to get

the installation out of ser\ice for a

sufficient period.

\A'ith reference to the possibility of

conversion to d-c installation at a

later date, we regard the cables as

suitable for this service, subject to

the approval of navigational authori-

ties.

Dealing with Mr. E. Bents dis-

cussion, we have no indication that

the reduction in armour losses due

to the use of aluminum alloy rather

than steel differs approciabU from the

138 kv UNDERSEA CABLE ACROSS GEÓRGIA STRAIT

T. Ingledow, m.e.i.c, President, B.C. Engineering Co. Ltd. Vanc.
The Engineering Journal, Octoher, 1959, p. 96.

Mr. H. W. Sniith's reply on behalf of Dr. T. Ingledow
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calculated reduction. Bonds between

cable aimour and lead sheath were

made only at the cable terminations,

the rubber Sandwich being capable

of withstanding the voltages which

might be appHed to it. The applica-

Author's reply

The discussions presented are

appreciated. We will attempt to

clarify as briefly as possible some
of the points raised.

In reply to Mr. McMath, severa!

reference books and papers on prob-

ability analysis were utilized for

this study, a list of which would be
too lengthy for inclusion hereín.

Selecting one at random, AIEE Paper
57-692 entitled, "Use of Probability

Methods in the Economics Justifica-

tion of Interconnecting Facilities be-

tween Power Systems in South

Texas", by A. Pat Jones and A. C.

Mierow, may be of some help. Outage
rates of 1% for steam and 0.5% for

hydro units were chosen.

As regards steel vs. wood pole

structures for 138 Kv. lines, the New
Brunswick Electric Power Commis-
sion has experienced several failures

on spar arm wood pole structures in-

cluding pole twisting and shearing

at guy wire pole bands. It was felt

that steel towers would be somewhat
more reliable under heavy loading

conditions. Although first costs are

about 15% higher, the annual costs

are estimated to average about 1%
less than for wood pole lines. In the

Halifax area, the Nova Scotia Light

& Power Co. Ltd. are using multiple

circuit steel towers to minimize right-

Author's reply

The author wishes to express his

thanks to those who have participated

in the discussion of this paper. It

is very gratifying to have so many
from among those eminent in hydrau-

lic tests and investigations contribute

their views to the subject under
discussion.

Dr. Gibson outlines briefly the

ideal conditions for the application

of the Gibson Time-Pressure method
but he has applied the method suc-

cessfully in many instances far re-

moved from these ideal conditions.

tion of full gas pressure to the cable

results in a measure of mechanical

bonding between the lead sheath and
bronze reinforcement, etc, which im-

pairs flexibility and handling proper-

ties of the cable.

of-way costs where future circuits

will be required.

The Nova Scotia Power Commis-
sion does have some wood pole 138

Kv. construction in the Maccan and
Trenton áreas. However, these lines

do not have overhead ground wires

since the isokeraunic levei is con-

siderably lower than that of New
Brunswick.

Mr. Stanley's comments on the

cost-size relationship are well taken

and studies are cunently in hand
regarding the merits of larger gener-

ating units and utilizing the inter-

connection for firm power contracts

in order to take advantage of the

economics inherent in the location

of such units. The peaking capacity

of hydro plant will also be reviewed

with an eye to obtaining optimum
benefits for this combined hydro and

thermal system.

The development or purchase of

future sources of generation and the

necessary associated transmission will

be studied on a continuing as well

as a fully co-operative basis with an

eye not only to immediate but longer

range requirements as well.

Again, we wish to thank the dis-

cussers for the interest shown and
would certainly welcome any further

comment from other interested

parties.

Reference to one of these cases is

made by Mr. Madill, viz. the tests

at the Kemano G.S. where the net

operating head was 2500 feet. The
author, along with many others, has

made tests by this method in plants

with very short supply pipes and at

low velocities, conditions far removed
from the ideal indicated by Dr. Gib-

son. In these latter instances it can

hardly be claimed that the same de-

gree of accin'acy can be expected as

for tests where conditions are more
favourable.

Mr. Johnson refers to the late Dr.

Thoma's comments on errors in the

Gibson method saying that it is "prac-

tically impossible to estimate the

magnitude of the possible error in

a dischage measurement by this

method." This gives quite a different

impression from that gained by read-

ing Dr. Thoma's paper. Dr. Thoma
made a theoretical investigation of the

possible errors and arrived at the con-

clusion that these might amount, in

the aggregate to about one per cent.

In his analysis he dealt with the tests

by the simple application of the

method. In the differential applica-

tion, that now generally used, certain

of the errors would be reduced. An ex-

tended reference to this matter is

made in reference No. 7 and further

comments here would be a repetition

of the information in that paper and

the discussion thereon.

The Poiran Thermometric Method
was included in this paper because

few references to it have been made
in publications on the North Ameri-

can Continent and because it is

applicable to the measurement of

turbine efficiency where other

methods are not so conveniently

applied. Dr. Gibson has made three

inquiries regarding it. In other

methods the useful work done by
the turbine is measured. In addition

to this the turbine has overcome its

own bearing friction loss. In the

Thermometric method ali losses are

measured without segregation. There

is thus a slight discrepancy in the

mechanical losses as dealt with in

this and other methods of measure-

ment. Dr. Gibson's second question

asks what steps are taken to over-

come possible changes in tempera-

ture (of the water) such as those

caused by exposure of the penstock

to the sun. The thermometric probes

measure the temperature of the water

close to the entrance to the scroll

case (or the nozzle in the case of

impulse turbines) thus automatically

correcting for temperature changes

in the penstock.

The limitation of the method to

plants operating under heads of 100

meters and upwards is purely arbi-

trary. In various test codes, for other

methods of testing, some limitation

is usually named for acceptable con-

ditions. This is so for tests b\' current

meter, salt velocity and the Gibson

method. In drafting the International

Test Code some such limitation was

considered necessary for the Thermo-
metric method. The engineers of

Electricite de France drew attention

to a somewhat increased "scattering"

of individual test points at low gate

openings for tests at heads lower

(Contínued on page 93)

THE INTERCONNECTED POWER SYSTEMS OF NOVA SCOTIA
AND NEW BRUNSWICK

G. D. Mader, P.Eng., Chief Engineer
Nova Scotia Power Commission, Halifax, N.S.
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TESTS OF HYDRAULIC TURBINES—AN APPRAISAL

J. J. Traill, M.E.i.c, Consulting Hydraulic Engineer
Toronto 18, Ontário.
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INSTRUMENTATION
IN INDUSTRY

No. 12

of a Series

Business and Institutional Buildings

NOT \'ERY long ago, busiiiess

and institutional buildings might
ha\e been dismissed as a field of any
impoitance for the application of

control instiumentation on a large

scale. As many engineeis will realize,

this is no longer the case.

The types of building considered

here include office buildings, hotéis,

hospital, educational centres (schools,

colleges, etc), civic centres, govern-

ment administration buildings, and
so on. The principal applications for

instruments in these buildings are in

the fields of heating, ventilating, and
Communications. Educational estab-

lishments, to a varying degree, in-

clude laboratory facilities, and these

may require instrumentation in con-

nection with special laboratory ser-

vices or for instructional purposes.

These applications are oiitside the

scope of the general field under
consideration.

Applications of Instruments

Some general examples will indicate

the scope for instruments in modem
buildings of the types mentioned
above.

Heating is essential for such build-

ings in Canada, and large boiler in-

stallations are commonplace. These
installations require the usual com-
bustion, temperature, flow, and other

Controls vvhich have been discussed

in an earlier article in this series

íOctober 1959 issue). In addition, the

control of temperature vvithin a large

building can be quite complex. For
example, public rooms in an hotel,

assembly halls or lecture rooms in a

college, and public áreas in an office

building may be controlled by a zon-

ing system to deal with varying rates

of heat loss, different periods and
degrees of occupancy (e.g., lecture

rooms, vvhich are only occupied at

intervals), and other variables. On
the other hand, local control may also

be provided for temperatures in guest

rooms, offices, laboratories.

Ventilating, and sometimes humíd-

ity control, is another field in which
there may be a need for a complex

control system. Here again, conditions

in different zones of a large building

may be controlled from one or more
centres. The variables mentioned

above may be taken into consideration

in the overall control system.

As an example of a modern control

installation, a large hotel has incor-

porated a supervisory data centre

to control the operation of the heat-

ing and air conditioning systems. A
graphic control panei shows a com-
plete schematic layout of the fan

systems, with dampers, heating and
cooling coils, fan motors, etc. There

are many different air-handling sys-

tems within the complete scheme,

each of which, with its own variables,

can be controlled centrally. An auto-

matic data handling system scans and

records temperatures at regular inter-

vals, and warns of any departure from

predetermined temperature condi-

tions at various key centres. Such
variations are also permanently re-

corded. Temperatures in public rooms
are controlled locally by electronic

thermostats, of which the setting can

be varied from the central control

panei. The flows of steam and water

are also totalled on counters in the

control centre.

Electrical services may include, in

addition to lighting, power supply for

operating elevators, pumps, compres-

sors, fans, and so on. Quite large

investment in standard metering and
control equipment may be involved in

a large building.

An interesting method of remote

control of services uses the regular

electrical distribution system as a

means of communication, thus elim-

inating considerable lengths of cable

necessary in conventional control

systems. Selected frequencies are im-

posed on the electrical distribution

system by an alternator; the output

is coded and controlled manually or

automatically from a central control

point. Relays at any point in the dis-

tribution system receive the coded

output and accept or reject it accord-

ing to conditions. The relays can be

used, for example, to start or stop

ventilating systems.

Communications may be a very im-

portant feature in a modern build-

ing. In addition to regular telephone

service, internai telephones may be

installed; systems for transmitting and
printing messages, loudspeaker in-

stallations, fire alarms, and others are

ali in regular use and involve \ arious

control s>stems.

Requirements and Purchase

of Instruments

There can obviously be no generaliza-

tion about the person or department

responsible for determining instru-

ment requirements or for their pur-

chase, in this field. So much depends

on the type of building, who operates

or occupies it, who is the oxviier, and

so on. A commercial or financial or-

ganization would probably rely on the

ad\'ice of consultants or contractors

for the specification of instruments,

whereas an organization normalh- in-

volved in engineering might well have

considerable direct control of the

design and construction of tlie build-

ing, including specification and pur-

chase of instruments. In the case of

an educational establishment, the

ad\ ice of the engineering department

or facultN' might be obtained.

Service and Maintenance

There are probably few instances at

present of instrument maintenance

being done entirely by a resident

technician or engineering staff,

though some preventive maintenance

is carried out b\- building operators"

o\m staff. Other service is often

purchased as required or supplied by

contract. Spare parts are carried in

some instances, but by no means to

the same extent as is customary for

industrial installations.

Nearl\- ali instruments used are

standard lines and are purchased out-
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right. However, with the use of ad-

anced techniques, for example in the

ield of communication, some special-

ized instruments may be called for,

and there is the possibihty of renting,

rather than buying, expensive instal-

lations such as those used in data

processing appHcations.

than 100 meters. In the author's

opinion this scattering was not

serious for heads as low as 80 meters

but in drafting this section of the

.
cede it was agreed to name 100

meters as the minimum for vvhich the

method was fully appHcable.

A question raised by Mr. Johnson
and Mr. Lester regarding certain

features of the method is quite per-

tinent. Mr. Johnson draws attention

to the fact that "accurate measure-

ment of temperature per se is not

the problem but accurate measure-

ment of the average temperature rise."

Mr. Lester refers to the difficulty

introduced in measurement if a tail-

race is common to several machines
and also to heat exchange with the

exterior. Careful and extensive in-

vestigations were made of the loca-

tion of temperature probes at the

draft tube exit section and it was
found that precise location of the

probes was not essential as the

thorough mixing of the flovv as it

passed through the turbine resulted

in uniform temperature throughout

the measuring section. The correct

measurement of average temperature

rise is thus assured. The author is

of the opinion that precisely correct

placing of the probes is not as im-

portant as correct placing of current

meters at a measuring section or cor-

rect location of injection valves in

the salt velocity method.

Instrument Costs

Comprehensive data on the cost of

instruments used in buildings, as dis-

cussed here, are not available. How-
ever, for a large modern office build-

ing the capital investment in instru-

ments may be in the $100,000 to

$500,000 range.

The temperature probes at en-

trance are so placed as to measure

conditions at entrance to the scroll

case, and at the exit in the draft

tube of the unit under test. The tail-

race common to several units is

seldom, if ever, a problem and the

distance between entrance and exit

probes so short that interchange of

heat with the exterior is insignificant.

One of the difficult problems with

which a test engineer must often

contend in field tests of turbines is

the difference between the rated head

and the actual head during a test.

Mr. Aeberli*s analysis of this problem

is a valuable contribution with which

the author fully agrees. Variation in

headwater and tailwater leveis can

seldom be controlled and the engineer

frequently has difficulty in determin-

ing accurately the probable perform-

ance of the turbine at the rated head
from tests made at a test head dif-

fering appreciably from the rated

head. For Francis turbines of low spe-

cific speed conections are not too

difficult but as the specific speed

increases, and particularly for pro-

pellor and Kaplan turbines the de-

rived results for rated head become
more and more suspect. It then be-

comes necessary to make adjustments

according to the indications of model
tests if these are available.

Some years ago the author had
an opportunity to make a test of a

large turbine at speeds varying from

ten per cent above to ten per cent

below the rated speed. From these

results correction for variation of the

test head from the rated head were

readily made. The specific .speed of

the unit was 40 and the indications

are that the variations follow the

three halves rule over a fairly wide

range. In another case for a fixed

blade propellor runner a Gibson test

was made at a head close to the

rated head of 52 feet and, later,

Power-gate and index tests were

made at various heads down to about

.36 feet. It was found that the ex-

ponent of the variation of the power
with head was quite different from

1.5 and also that it varied with the

gate opening. Tests of a model in

its proper setting would be of great

value in such cases.

A discussion of practice regarding

the use of step-up formulas suggested

by Mr. Aeberli, it is considered, would

be too voluminous to permit its inclu-

sion in this discussion. Much valuable

information regarding this subject is

contained in the three publications

referred to by Mr. Johnson in his

discussion.

Mr. Johnson's criticism that the

fundamental bases of the AUen Salt

Velocity Method have never been

rigorously established and his com-

ments regarding errors resulting from

incorrect measurement of time of

passage of the salt solution cannot

be contradicted. Notwithstanding

comparisons of the results from this

method with measurements by other

methods indicate that a high degree

of accuracy is secured.

No comments are made regarding

Mr. Logan Kerr's discussion but the

author takes this opportunity to ex-

press appreciation for the kindly re-

marks from one with whom he has

had happy associations in various

fields for over thirt\-five years.

DISCUSSION (Continued from page 91)
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Canadian Developments
Sixty ycars ago railways wcre the arteries of economic development.

Spanning lhe country, they brought gold out of the North, grain and

fruitfrom the West and wood productsfrom the East. In 1959, however,

transportaiion needs go far heyond the conveyance of products and

rcsoiirccs. Manufactured goods must be delivered—men must be able

to travei in every direction for business—and tourists, demanding a

roHte for their traveis, have become a recognizable factor in the national

economy.

CHANCES in the volume, nature

and \'ariety of byway traffic call

for a more complex and flexible

system. The speed with which
science transforms our daily situation

also reminds ns that routes must be
built today not only to fill our pres-

ent needs but to meet future trends.

Population increase is outstripped

by the rise in number of vehicles on
the road and, as innumerable separate

units go their independent ways with-

out the need of a despatcher, the

highway demonstrates its enormous
advantage in flexibiHty. At the same
time a significant economic induce-

ment is offered by a transportation

system in which roads of ali classes

can be freely interconnected.

Highway engineering has been
revolutionized and associations have
been organized to set standards in

roadbuilding practices as vvell as ma-

teriais. But the funds for road con-

struction are in the hands of the

governments. The Canadian Cood
Roads Association has had a direct

influence upon government road con-

struction policy. For example, only

5% of government-contracted road

The Economics
C. W. Cilchrist, managing direc-

tor of the Canadian Cood Roads
Association, claims that if Canadian
prosperity continues, $15 billion will

be spent on roads and streets in the

next 10 years. He predicts that motor
vehicle travei will increase from
1958's 36.8 billion miles to approxi-

mately 77. .5 billion miles in 1968.

And yet, he says, there is no integ-

rated plan for Canadian highway
development.

Highway economics is worth con-

work is done by government em-
ployees as a result of the CGRA's
well-substantiated contention that the

nation's roadbuilding should be car-

ried out through competitiva tenders.

Wise planning and budgeting is the

CGRA s cinient preoccupation.

of Roadbuilding
sidering. Accidents, lost time, and
vehicle maintenance and operation

costs are an expenditure exacted by
old roads. Mr. Cilchrist, speaking to

the Eastern Canada Association of

Highway Officials in New Brunswick
recently, pointed out that for each

mile of road carrying 2,000 vehicles

a day, a paved surface would result

in a saving in \ehicle operation costs

alone of $14,600 a year over a

gra\el surface. The waste in two or

three years, then, would equal the

cost of a pavement that would last

for 25 years! Mr. Cilchrist emphasized
the importance of needs studies in

every highway department to bring

the lex el of ser\ ices up to a desirable

standard. Ontário has alread>' done

this and Manitoba and Saskatchewan

have studies in progress.

Highway Engineering

The science of high\\a\- engineer-

ing has become so highl\- diversified

as to include planning, location, de-

sign, construction, maintenance, traf-

fic operations and research. Planning

in\ olves study of population and traf-

fic growth and logical prediction of

liow industrial and residential áreas

will increase. \'acation habits in any

given area must be accounted for as

well as congestion factors of other

kinds. The requirements and stan-

dards of each specific highway ini-

provement and its integration in the

overall s\stem thus become the plan-

ner's first concern.

Timber being transported by rail for processing.
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Location engineers must select the

best, most economical route to serve

both the travelling public and com-
mercial drivers. They take the stan-

dards deduced by the planning en-

gineer and apply them to the geogra-

phical situation. Whereas they once
had to cover mile upon mile of

prospective road site by foot, photo-

grammetry now sketches the pro-

posed áreas for them. Correlation of

aerial photographs with topographi-

cal maps results in quite a detailed

knowledge of the area under study.

The investigation-design engineer

is the next Hnk in the road-building

chain; with a knowledge of soil

mechanics and construction, he is

able to take the plan and profile pre-

pared by the planning engineer and
proceed with borings and soundings

of the terrain. Design of the high-

way will depend upon the kind of

soil he finds and the amount of

bedrock, swamp, and quarry that he
discovers, as well as design criteria

and the functional demands of the

roadway to be built.

AASHO Road Test

The American Association of State

Highway Officials is conducting a

$23 million road test at Ottawa,
Illinois to determine the behaviour

of both rigid and flexible pavements
of known thickness under moving
loads of known magnitude and fre-

quency. Canadian highway technolo-

gists await results of the test with

considerable interest because the

findings should effect not only road

and Street pavement design, but road

operations, design techniques, con-

struction procedures and maintenance

practices of ali highway departments.

In fact, the influence may well be
felt by truck manufacturers — in any
revision of legal road limits and
allowable tire pressures which come
as a result of the test. Road admini-

strators and legislators may revise

methods of taxing road users and
allocating road and street costs.

CGRA has taken an active interest

in the test since 1955 and employs
a resident engineer to assist the com-
mittee on the project and report

back to the CGRA on developments.

Report on Muskeg Research

A study of road design and per-

formance over muskeg has been pub-
lished by I. C. MacFarlane of the

National Research Council and Alex

Rutka of the Ontário Department of

Highways. Their interest focuses on
Northern Ontário where an expanded
construction program must take into

consideration quite extensive muskeg

regions. They have investigated forty-

four different muskeg regions in the

area from North Bay to Kenora and

Rainy River and studied roads over

muskeg for surface condition and per-

formance in comparison with adjacent

roads over mineral soil. The men

Road Schools for Technical Assistance

According to Alex J. Graham, road

superintendent and engineer, County

of Carleton, Ottawa, technical assist-

ance to municipalities comes from

found correlations between: vane

shear strength and depth, water con-

tent of the peat and depth, vane shear

strength and water content, specific

gravity of the peat and water content,

and acidity and carbon content of

peat.

The Department of Highways, ma-
teriais and machinery suppliers, Con-

sulting engineers and interested

organizations. About 86% of the road

mileage in Ontário is under munici-

À
Loam

7

for capital

expansion

Many industrial enterprises with good

prospects but in need of finances will be

started cr expanded this year in a way that

provides a sound basis for development

through the financial assistance of tlie In-

dustrial Development Bank.

Information about I.D.B. fmancing in the fields of:

• Manufacturing • Repairing • Processing

• Transportation • Construction • Air Services

• Packaging • Engineering etc.

can be obtained from your banker, auditor or

lawyer or from the nearest office of the Industrial

Development Bank listed below:

INDUSTRIAL
DEVELOPMENT BANK
Estahlished in 1944 by the Government of Canada to help in fi-

nancing new or expanding small and médium sized enterprises.

reginnai

Standards and Traffic Safety
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pai authoiit\'. Laige sums are spent

eacli \ ear and in inost cases tlie woik
is directed h>' non-technical staffs.

Mr. Graliani, speaking at the recent

(X;HA c-i)n\ention in \'aiicouver,

statcd tliat the value of consultants

as a sovirce of technical assistaiice

had iiot > et been reaUzed. He pointed

out, however, that the roads schools

held by seveial of the materiais and
niachinery snppliers, by the Provin-

cial High\\a> Department, and now
hy the Ontário Good Roads Associa-

tion, ma\ fill the mnnicipalities' im-

mediate need for technical assistance.

Tlie stndents they draw are mostly

non-technical foremen and members
of municipal operating staffs. These
are the men who are responsible for

large expenditures on the majority

of Ontario s roads.

New D.H.O. Claims Comnnittee

The Ontário Government has estab-

lished a "permanent, independent
committee, empowered with author-

ity to consider and settle claims be-

tween the Ontário Department of

Highways and contractors working
on Department contracts." Under the

new system, if the contractor is not

satisfied with the ruling of the chief

engineer, he may appeal to the Spe-

cial Claims Committee. The contrac-

tor is also allowed, if he fails to agree

w ith the ruling of the Committee, to

litigate the claim in the Ontário

courts. Three distinguished engineers

have been chosen by the Ontário

Government as members of the Spe-

cial Claims Committee. They are:

Gordon Mitchell, formerly director

of seaway operations, chairman; F.

Stuart Lazier, and William B. Crom-
bie, formerly of Ontário Hydro.

Uniform Road Markings

A new manual of Uniform Traffic

Control Devices for Canada has just

been published. The CGRA and the

Canadian Section of the Institute of

Traffic Engineers have collaborated

over the last three years to produce

this manual which recommends uni-

form standards for traffic signs, sig-

nals and pavement markings. Before

long people driving from coast-to-

coast will find that roadway signs

and signals convey the same message

on intercity highways, city streets

and township roads. Some new signs

will also appear on Canadian roads.

Turn prohibition signs, a black arrow

on a green background, will be

initiated. Trans-Canada signs will be

green and white; school signs, blue

and white; civil defence signs, blue

and gold.

Accident Study in Alberta

Results of raising the speed limit

on four-lane highways in Alberta

have been compiled for the months
of July and August. Whereas the

legal limit for daytime driving wa;
55 m.p.h., it is now 65 m.p.h. On ali

but two of eight highway stretches

the number of accidents was appre-

ciably decreased. These two high-

ways are undivided. According to

Gordon E. Taylor, Minister of High-
ways, the divided four-lane highways
greatly reduce the chances for head-

on collisions. Head-on collisions have
been completely eliminated to date

on the four-lane divided highways
in Alberta.

Canadian Highway Safety Council

Ira G. Needles, Chairman of the

Board, B.F. Goodrich Canada Ltd.,

Canada spent more for roads in

1959 than ever before. The Canadian
Good Roads Association publication

"Highway Finance 1959" states that

Canadian Governments at three leveis

will have spent $1,157.2 million on
highways by March 31, 1960, the

has been elected 1959-60 Chairman
of the Canadian Highway Safet\-

Council. He succeeds Geo. B. Kenne\
of Montreal, associate manager of

the Phoenix of Hartford Insurance

Companies and director of the Ali

Canada Insurance Federation.

Also elected were Superintendent

J. R. W. Bordeleau of RCMP head-

quarters, Ottawa, as CHSC secretar\

.

and George H. Jackson, vice-president

of the Ford Motor Co. of Canada
Ltd., as treasurer.

Elections took place at the annual

meeting of the Councils general com-
mittee in Montreal, Oct. 5. The meet-

ing also elected to change the name
of the organization, substituting

"Council" for "Conference". It is now
the Canadian Highwa\- Safet\' Coun-
cil.

end of this fiscal \ear. This figure

represents an increase of $79.5 mil-

lion, or 6.9%, over the $1,077.7 spent

last year. The increase, however, is

at a slightly lower rate than that

of the post-war years.

Canadians spent $3 per capita

Provincial Programs and Budgets
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more on highways this year than last

and became some of the highest

spenders for roads in the world.

The CGRA booklet shows that the

federal government has increased its

participation in road-building con-

siderably, while the provincial govern-

ments have occupied themselves less

with financing roads.

The Roads-to-Resources contribu-

tions rose from $6 million to $9 mil-

lion, but the Trans-Canada Highway
support declined by almost $2 mil-

lion. Greater federal funds are being

made available for road projects in

the Northwest Territories and the

Yukon.

Ontário led in 1959 with a roads

expenditure of $268.6 million, an

increase of $241.6 million over last

year. The next highest spender was
Quebec with a budget of $147 mil-

lion. Last year she spent $177.5 mil-

lion. British Columbia has also de-

creased her roads expenditure from

last year's $75.8 million to $74.2

million. Manitoba's budget for 1959
shows the greatest increase — from
$35.6 million to $65 million.

Cost of Saskatchewan's Ten-Year
Program Up

In 1955, when Saskatchewan
launched a 10-year program for con-

struction of 12,000 miles of gravel-

led secondary highways, the costs

were estimated at $50 million. Now,
due to increases in construction costs,

the project is expected to run to

$66 million. The provincial govern-

ment and municipal governments are

sharing costs on a 60-40 basis.

Northern Roads
The Department of Northern Af-

fairs and National Resources works

in close co-operation with the De-
partment of Public Works and the

Department of Mines and Technical

Surveys. A committee formed of the

three, as well as keeping informed

of transportation trends and Northern

developments, must constantly pre-

dict the consequences of their road

projects — what minerais may be
reached and what kind of market

prospects they may have. The pro-

gressive development of these north-

ern roads, in fact, depends to a very

great extent upon how much mineral

wealth they lead to and how easily

they allow the riches to be gotten

out to processing centres.

"The development roads," says

George M. Carty, chief administra-

tive officer, Department of Northern

Affairs and National Resources, "are

intended to open new arcas to in-

tensive exploration and subsequent
investment, and their construction

and design reflects this purpose.

Since funds are limited, the object is

to construct roads initially to meet
only essential traffic requirements.

However, the basic location and en-

gineering provides for improvements
as the traffic warrants."

The oil and gas potential in the

north lands which has come to light

in the last few years may be the

touchstone to extensive northern

roadbuilding. Already a road is being

constructed from Fiat Creek (near

Dawson) in the Yukon to serve oil

developments on Eagle Plain. This

is Canada's most northerly road. Mr.

Carty predicts that if oil and gas

discoveries proceed as authorities

have reason to hope they will, some
day before long Canada will need

an overland connection with the

Arctic Coast. More than half a mil-

lion acres in the North were added
in October, 1959, alone to the eighty-

six and a half million already under

gas and oil exploration.

Northern Roads for Defence

T. N. Cárter, a past-president of

the Canadian Constmction Associa-

tion, has said: ".
. . within the next

decade people will be able to drive

from Edmonton to Inuvik on the

Arctic Ocean . . . This would have

sounded like pure fiction not so long

ago but a northern road network is

absolutely essential for the develop-

canadian aero service itd.
CALGARY • TORONTO • OTTAWA • LONDON, ENGLAND

CANADIAN AERO SERVICE LIMITED
P H o T o C R A M M E T R I C E N G I H E E i! S • A SPECIAl FACILITIES R E P O R I

NEW BROCHURE TELLS WHERE TO USE
AIR SURVEYS FOR ENGINEERING NEEDS

Like to have more information

about new photogrammetric
methods and instruments which
have proved useful to engineers

on location and design projects

. . . town and regional planning

. . . power development . . . air-

port expansion and other large

programs?

Now, a new 52-page Canadian
Aero Service brochure reports

new developments in pre-engi-

neering services. It covers : routes

and site locations, reconnaissance

surveys, preliminary locations and
design, and detailed air photo

analysis. It also deals with final

location and design and determi-

nation of cross sections and earth

work quantities by photogram-

metric methods.

For your FREE copy of the new
brochure, write today to Canadian

Aero Service Ltd., 348 Queen
Street, Ottawa 4, Canada.
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ment of our country and for the

(lefence of this heniisphcMO."

Biulgets for Northern Roads

Fi\e federal-pi()\incial agieemeiits

are now before the federal cabinet

for appro\al and, if passed, eould

autliorize iipwards of $20 millioa in

roadbuilding for the year 1960. If

these agreements are passed, more
than Sioo inillion will be allotted

to roads in the North over the next

six or se\'en years. Since the North-

ern Roads Program concerns the

Yukon and the Northwest Territories,

appropriations for it are separate

froni the $20 million set aside for

federal-provincial agreements. These
two territories alone will probably

have a budget of about $10 million.

Saskatchewan Roads Progressing

Rock, rough hilly terrain, muskeg,

perma-frost — everything is there to

discourage the roads engineers of

Saskatchewan's north countrv. De-

spite the hardships they have reached

Mile 30 on the LaRange-Uranium
City road, according to W. A. Sheard,

department construction engineer.

The road has been cleared to Church-
ill but for an eight-mile gap. Piers

and abutments for the Churchill

River bridge have been completed

and steel work will be completed by
the end of winter.

CGRA Holds ''Parliament of Roads
September 22 to 25 were busy

days in Vancouver, as 1,200 dele-

AIR CONDITIONING

.1

AIR CONDITIONING AND REFRIGERATÍON

WATER ECONOMIZERS

HEAT TRANSFER
SPECIALISTS

are your one SURE
source for the BEST

KeepRite's specialized experience

pays dividends for you in equipment
engineered for easy installation and
long economical service.

"Made in Canada"

on KeepRite products means

• PERSONAL ATTENTION
• APPLICATION ASSíSTANCE

• PROMPT DEUVERY

Whatever your needs in refrigeration and
air conditioning equipment, you re olways
right with KeepRite.

KeepRite products ltd.
Brantford, Canada

A 100% CANADIAN COMPANY

gates poured into the cit\" for the

Canadian Good Roads Association's

40th "Parliament on Roads." Hon.

J. T. Douglas, Minister of Highways
and Transportation, Saskatchewan,

described the CGRA as a "hard-work-

ing partnership of governments and
business in a field that directly serves

everyone." He stressed the need for

planning and budgeting wisely on

ali three leveis of government to keep

up with the nation's highway de-

mands. He also encouraged federal

assistance to provinces, noting that

Saskatchewan's experience in the

construction of the Trans-Canada
Highwa\' had proved to him how well

federal aid to highways could work
to the benefit of both governments

and need in no way interfere with

provincial jurisdiction (as provided

for in the British America Act).

Coast-to-Coast Survey

As a prelude to numerous techni-

cal sessions on highway and trans-

portation problems, the CGRA pre-

sented a Canada-wide roads round-

up and carne up with the following

information:

British Columbia: working on a 55-

mile freeway network to be built

in the Vancouver nietropolitan

area. To cost $465 million. To be

completed by 1976.

Alberta: consti-uctiiig access roads

from main highwa>s to 22 towns

and making construction of by-

passes in, through, and around

major cities an important budget

item.

Saskatchewan; constructing multi-

lane facilities, interchanges and ur-

ban road simplification.

Manitoba: establishing a planning

section through the Highways

Division of the Automotive Safety

Foundation to anah ze road prob-

lems and set roads standards.

Ontário: working towards a com-

pleteK integrated system of roads.

Trans-Canada Highway network in

Ontário to be completed by 1960.

(Coutinued on page 140)
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INTERNATIONAL NEWS

A discussion of international highways almost leads one these days to ask: Just

where do they end? The reply might well be: At the moon.

Dr. Wernher Von Braun, director of the U.S. Development Operations Division

of the Army Ballistic Missile Agency, was recently asked, ''When will construction

start on the moon—ten, twenty or thirty years?'^ This was before the Russians'

rocket pierced the moon. He replied:

"/ could very clearly envision that within another 15 or 20 years, we will have

quite some extensive construction work going on on the moon for certain projects.

I mean there will be some road building going on.''

International Highways
How ever far away such develop-

ment may be on the surface of the

moon, there is much activity across

the Earth today to Hnk its continents

together. A highway is being pushed

across the great Asian desert; another

is biting into the tundra and rock of

Alaska. There are endeavours to con-

struct a tunnel under the EngUsh
Channel, and the Inter American
Highway is being stretched from Hon-
duras to Costa Rica.

first 20-mile stretch of the only high-

way between Petersburg in Alaska's

Panhandle and British Co]umbia's

Stewart-Cassiar Route now under

construction.

However, B.Cs first concern has

been a corridor road through the

Panhandle to the sea as an outlet for

future northern industries. Governor
William A. Egan of Alaska, has now
assured B.C. authorities that he is

ready to select land for a corridor

and port facilities which, if leased to

Canada, would be subject to Canadian

laws.

Alaska Highway Paving Shelved

The Alaska Highway will not be

paved for at least another two years.

The U.S. government has recently

shelved a plan to share the $132
million paving costs with Canada.

At the same time Premier W. A. C.

Bennett of British Columbia has for-

mally withdrawn his province's offer

to the federal government to take

Trans-continental Highway for Asia

United Nations officials have
agreed to convert 7,000 miles of

ancient caravan routes into a mod-
em continental highway system for

Asia. Only by careful study of ancient

records will experts be able to re-dis-

cover much of the old caravan route

and to plot a new course thereupon
for the modern Iran-to-Viet Nam
highway.

The highway subcommittee of the

United Nations Economic Commis-
sion for the Far East has approved
the project. It divides Asia into three

highway regions — Viet Nam, Cam-
bodia, Laos, Thailand, Malaya, and
Burma in the first; West Burma, East

Pakistan, índia, Ceylon, and Nepal,

the second; and West Pakistan,

Afghanistan and Iran, the third.

Just as these caravan routes were
the great trade links of the Ancient
World (the "silk road" ran from
China through North índia to Delhi

and on to the Black Sea), authorities

have reason to hope that new high-

way system will revitalize the Asian
countries' economies.

To Link Alaska Panhandle with B.C.

Alaska Commissioner of Public

Works, Richard Downing, has an-

nounced that work will begin on the

for immediate

. . . /n accidental

body contamination
Injurious chemicals are instiintly washed away by lhe cascading
water from Haws Drench Showcrs. Simple pull-chain or foot treadie
valves release a sudden riish of water — saving valuable seconds unlil

medicai help arrives. Chances of permanent injury are minimized.
and insurance claims correspondingly lessened. HAWS Emergency
Drench Showers are available in models to meei \ irtiially any
industrial need. WRITE TODA^ — to tind out the fuU storv !

DRENCH SHOWERS
A product of

HAWS DRINKING FAUCET COMPANY
MONTREAL, Quebec

2720 Crescentview Drive R. G. K. Ward. 5925 Monkland Ave

mm
NORTH VANCOUVER, B.C.

Robert Somerville, Ltd. N.D.G.
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Here's the Newest and Fínest

PIPE LINE STRAINER

MORRISON^S
NEW CONICAL SELF-CLEANING SCREEN

REDUCES PRESSURE DROP UP TO 60%

Here is a revolutionary ímprovement in pípe line

strainers. Morrison's new Conical self-cleaning

screen improves flow characteristics to such an

extent that pressure drop is reduced up to 60%!

This new cast iron strainer is available with

screwed connections in sizes Vz" to 3" at 250 p.s.i.

steam pressure. Standard screens are Monel, other

metais available at slight extra cost.

In this new design, the ratio of free screen area to

inlet area is maintained constant throughout ali

sízes. This permits a balanced flow in the line

regardless of strainer size, giving the best protec-

tion against damage by grit in ali applications

including condensate, steam, air,

gas, water, brine, ammonia, oil

and other fluids.

Write for full specifications or

see your local Morrison Johher

over the cost of maintenance on the

600 miles of Alaska Highway in B.C.

in return for a tract in the Northwest

Territories. According to Defence
Minister Pearkes, the federal govem-
ment is anxious to get rid of main-

tenance and paving responsibihties

on this section of the highway. The
wartime project now has less signifi-

cance from a defence standpoint, but

increased civihan traffic to Alaska

and the Yukon necessitates a consid-

erable annual expenditure for main-

tenance.

Inter American Highway

Not to be confused with the Pan
American Highway, the Inter Ameri-

can Highway is currently being ex-

tended from El Espino in Honduras
to Nicaragua's capital, Managua.
With the completion of the $6^í

million highway, Nicaraguans will

have nearly 200 miles of all-weather

road. Considered in the context of a

climate which thoroughly drenches

the land six months of the year, the

Inter American Highway is an im-

pressive achievement.

Though ox carts are still much in

use in Nicarágua, car and truck traf-

fic is constantly mounting. Nicar-

agua's rubber crop is but one factor

which necessitates highway develop-

ment and will also make it prosper.

The asphalt highway is financed two-

thirds by the U.S., one-third by the

Republic of Nicarágua.

Tunnel Under the English Channel

Once plans are approved, construc-

tion of a twin rail tunnel under the

English Channel would take less than

seven years. So sa> s the president of

The Channel Tunnel Company which
was formed sex eral \'ears ago to stud>'

the project. Plans have been pre-

pared which would make the building

of such a tunnel feasible. Presmn-

ably the tunnel would be for a modi-

fied railway car which would carry

both goods and people. Authorities

do not think that automobile traffic

would be feasible both because it

would be difficult to provide space

for breakdowns and because most

people would not be able to bear

the mental and nervous strain of diiv-

ing thirt>- miles through an artificially

lit, narrow tunnel.

The Tancarville Bridge

In Jul\- of this year a 4,626 ft.

suspension bridge was inaugiu-ated at

Tancarville on the Seine. Authorized

and financed b\" appropriations from

the Special High\\ay Dexelopment
Fund and by bonds against the eam-
ings from the bridge tolls, the project,

bcgun in 1937, was held up hy the

"QUALITY VALVE5 SINCE 1864"

moRRison BRRSS LlffilTED

276 KING ST. W., TORONTO, ONT.



war. Construction got underway again

in 1955.

Nineteen thousand metric tons of

Steel, 117,715 cu. yds. of concrete,

and 209,275 cu. yds. of earthwork

have gone into making this bridge.

Half a century's realization that some
large-scale means of conveyance was
needed near the Seine's estuary and
as many years of small ferries and
other insufficient devices have spurred

this noteworthy achievement. It is

predicted that traffic tolls will soon

pay for the bridge. People crossing

the estuary of the Seine from the

right bank save 60 miles on their way
to the West by using the Tancarville

Bridge and 43V2 miles when going

toward the Southwest. The bridge

also promises a wholly new economic
potential to the rich agricultural re-

gions of Normandy which it unites.

Metropolitan

Expressways

Fhiladelphia's Schuylkill Expressway

Highway engineers have had to

cope with some singular problems in

order to run an interstate highway
between Philadelphia's 30th Street

Station and the immediately border-

ing Schuylkill River. They have met
them by constructing an expressway
along the lower levei of the east side

of the station with ramps to the upper
plaza overhead. They have extended
the plaza to the riverline, laid out a

double rotary system around the sta-

tion, and run a new four-lane boule-

vard across the river, straight into the

heart of the city, to relieve congestion

from the station itself.

The highway comprises two 26 ft.

wide roadways separated by a 4 ft.

raised dividers low enough to be
passed over in emergencies. A 25 ft.

deep layer of muck and uncompressed
silt along the line of the road also

had to be calculated. Soils engineers

have estimated that settlement will

be at a rate of 1 in. in every five

years for every additional foot of

fill placed on the area. Fill depth
varies from 1 to 15 ft. and therefore

fill had to be excluded from design

considerations. Instead, steel piles

were driven through the muck to the

underlying mica schist.

Oklahoma City Expressway

A two-mile elevated expressway
will cut through Oklahoma City four

blocks south of the downtown busi-

ness district. Six 12 ft. roadways, an
8 ft. divider, and 6 ft. shoulders are

its components. The new expressway
will link ali principal routes in and

out of the city and will have only

four entrance and exit ramps. The
major span is over the main line and
yard tracks of the Santa Fe Railway.

Boston's Rapid Transit

Boston 's Metropolitan Transit Au-
thority took over an abandoned rail-

road line on the west side of the

city and converted it into a $7 million

rapid transit service in mid-1958.

Whereas the railroad had carried an
average of 2,200 passengers a day,

the rapid transit this September was
taking more than 25,000 people back
and forth from work.

U.S. Cuts Roads Budgets

The U.S. government has released

figures on state and interstate ap-

portionrnents for the fiscal year 1961.

The federal allotment falis a good

deal short of the amount authorized

by law. The $2.7 billion apportion-

ments to states, in fact, is $463,000
less than the obligations made by the

States in 1959.

The interstate apportionment for

1961 is $1.8 billion which is $2 mil-

lion less than the amount authorized

by law. Federal aid has been falling

off generally since the beginning of

NEW DREDGING EGONOMY
THROUGH WORLD-WIDE EXPERIENCE
AND VAST EQUIPMENT RESOURCES

^ 3 Generations of Experience in 19 Countries.

One of a large group of dredging companies
spread over three continents.

Resources include 41 dredges and 112

supporting vessels of every type and size.

Beaver Dredging will be pleased fo provide

informafion and preliminary estimates.

Bi mg
COMPANY LIMITED

Harbour Commission BIdg., Harbour Commission BIdg.,

Toronto 1, Ont. EM 3-7219 Hamilton, Ont. JA 2-3932
Cab/e Address "Filling"
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tlie >ear iu ali tields of construction.

Au/O Dcsíqh

Gennan automotivo engiiíeeis are

asking thomsehes ií theie isn't somo
replacemeiit for the conventional

pistou engine iii automobilos. Do-
sigiiors are looking for an ongino
which oould do without a gear. The
gas turbine would appear to be the

most likeh- prospect, though the high
\olunie of exhaust which it gives off

is prohibitive in these days of lieavy

traffic. In its favour are two factors

—its size is one third that of the

piston engine and it demands a

simpler gear.

International Congress

The Sth International Automobile
Technical Congress will be held at

The Hague from May 9-13, 1960. The
subjects of study include: gasturbines,

transmíssíons, lubrication, combnstion,
fuels, chassis, gearbox, suspension

gears, tires, brakes, body, equipment,
aerodynamics, styling and safety. The

congress will be carried on in three

languages simultaneously, French,

English and German.

Highway Engineering
Rubber In Roads

Rubberized bitumen is being used
in many parts of the world where
heavy-dnty surfaces are requhed.
The Queensland district of Austrália

has more than a thousand miles of

such road; New Zealand's Northern
Highway is another example; in the

Far East an emulsion incorporating

látex has been used quite extensively

in roads. Both the U.S. and England
have been testing rubber as a roads

material for a decade.

In an attempt to find an improved
form of natural rubber, researchers

have come up with natural rubber
látex (with and without special addi-

tives) and various forms of rubber
powder.

Road Roughness Indicators

The Swiss Federal Instituto is try-

ing out a new road roughness indi-

cator, the CT-444. The indicator.

attached to the back of a truck, is

used to determine the surface profile

of a pavement, highway, air strip, or

Street. This equipment is used both

to find spots where new surfacing is

necessary and to obtain a perman-
ent record so that a re-checking of

the same pavement at given intervals

can point up áreas where preventive

maintenance is necessary.

Salt Stabilization

The State of Ohio has completecl

681 miles of salt-treated roads in the

last five years. Adoption of salt as a

stabilizing agent by the Ohio high-

way department is the outgrowth of

experimental work undertaken in 1955

by the state's highway maintenance

division to cut down upkeep costs on

secondary roads. These farm-to-mar-

ket roads were the most expensive to

maintain of Ohio's 18,000 miles of

highway.

Earth Resistivíty Interpretation

The Assistant Director of the Test-

ing Laboratory Division, Michigan

The variety of items made in Permali and

used in the Electrical, Textile, Mining, Oil and

General and Chemical Engineering Fieids in-

creases almost daily.

Quite often the "Idea" originates with you —

the rest is olways up to us.

Lighter than aluminum, harder than bross,

Permali is a densified wood laminate im-

pregnoted with synthetic resin. it has great

mechanical strength and strong resistance to

heat, chemicals, weather, abrasion etc.

For juU technical details write

137 KIPLING AVE. S., TORONTO 18, BEImont 3-2179

PERMALI
(CANADA) LIMITED
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State Highway Department, Howard
E. Barnes, has written an article on
earth resistivity tests for sand and
giavel prospecting. The author main-

tains that engineers have depended
too long on a little magic black box.

He contends that an accurate interpre-

tation can be made from a set of

field data. He discusses the differ-

ence between reconnaissance survey

and a comprehensive survey, but his

focus is on the hmitations of resistiv-

ity instruments.

American Air Car
An American company began pro-

duction of a 300 h.p., four-passenger

Air Car in November. The car traveis

on a cushion of low pressure, low
velocity air at a height of from six

to twelve inches and can travei equal-

ly well over land, water, swamps and
mud. This Model 2500 will travei at

speeds up to 60 m.p.h. Bafore long

both an Air Bus and an Air Truck
will be manufactured as well.

Saucer-shaped Skimmer
The British National Research De-

velopment Corporation is currently

sponsoring work on the SRN 1 Hover-
craft. The saucer-shaped craft skims

the surface of land and sea supported

by a 12-in. cushion of air. The ex-

perimental prototype has made the

Channel trip from Calais to Dover
and is now being tested on land. It

holds a considerable potential as a

freight and passenger carrier, both as

a ferry on the channel and as a

carrier over rough terrain.

E.I.C. CERTIFICATE OF ADVERTISING MERIT

New French Engineering Company To
Advise Petroleum Industries

A new company which will offer

Consulting engineering services to the

petroleum and petrochemical indus-

tries has recently been formed in

Paris. It is called "Etude et Realiza-

tion de Projets Industrieis (Planning

and Undertaking of Industrial Pro-

jects).

The new company, headed by an
American citizen and professional en-

gineer in the State of New York, Mr.

J. G. Devys, will provide market
studies and economic evaluations; as-

sistance in technical research; process

development, appraisal and design;

foreign and domestic contracts in

view of common market undertakings;

and negotiations for canying out ma-
jor industrial projects in Western
Europa and underdeveloped coun-
tries.

Their address will be: 26 rue de la

Pepiniere, Paris 8.

Noranda Copper and Brass Limited

will be the recepient of the E.I.C.

Certificate of Advertising Merit for the

"best" advertisement in the September
issue.

This four-colour advertisement, which
appears on page 33, is a dramatic prc-

sentation of molten alloy being poured.

It is headed "QUALITY THAT FLOWS
INTO YOUR PRODUCTS", and the copy
covers control of quality and perform-

ance. In part, the copy states "every

production step is not only rigidly con-

trolled but carefully integrated to assure

quality brass mill products that help

improve your products, reduce your costs,

increase your profits". Emphasis is laid

on the fact that Noranda brass mill pro-

ducts are made by Canadians from

Canadian ore.

The fifty members who were asked to

serve on the jury to select the "best"

advertisement in the issue were asked to

make their selection from the viewpoints

of ACCURACY - INFORMATION and
ATTRACTION.
The certificate will be presented to

Mr. R. C. DeVilliers, Advertising Man-
ager of the Company and a duplicate will

be presented to Hazard Advertising

Agency who prepared and placed the

advertisement.

QUALITY TTIAT FLOWS INTO YOUR PRODUCTS
Ii i.iav scrni i l.iii!; Itum [hl. NnramI,, mih lliiit; w, ric i., <ti|> i> nm oiiU . ^.^idly <..nii<ilU'd Iml nu.;

.. I,i)iíli,<l !,r..duft ,,l mppir .1, Km ,1 , ,u ,n ,1., ,íi, li , ,

'

; , l„ ,>, „„ll i,t. .d.in. .1, ,i hil|> im|>r.,i.

(..rilM.I ..I ,|U,,l,ii m Mil, ;;niq . ..iiUiImi,, . 1 |,i I,: „ ,i I ,„ .lu. ' . ii.,,d. In C m i.li.m'

Noranda Copper and firass Limited

NORANDA COPPER AND BRASS LIMITED WINNING .\DVERTISEMENT
The advertisement reproduced above was judged to be the "best" from the viewpoints
of ACCURACY-INFORMATION and ATTRACTION by the fifty readers who were
asked to review the advertisements in the September issue.

The advertisement is printed on good grade coated stock, is extremely attractive and
the copy is factual and concise.
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Month to Month
Below Professor John Mantle of the
University of Saskatchewan, coordinator

Ten Branches Participate in Banff Conference Dnlotn c^r;^^ L^c^^oitl

Below left Mr. and Mrs. Clarence B.

Antenbring and Mrs. John B. Striowski
stop for a moment in the midst of

Banff activity.

Department of Mines & Technical Sur-

veys, Ottawa.

Members and tlieir wives fiom

Calgary, Saskatcliewan, Central Biit-

ish Columbia, Edmonton, Lethbridge,

Vancouver, Vancouver Island, Win-
nipeg, Kootenay, and Yukon enjoyed

three lively days of meetings and good
vveather at the Western Zone Techni-

cal Conference in Banff from October
1 to 3.

Prefaced by the Irrigation Fomm
on Thursday, October 1, the con-

ference got formally underway with

Ottawa Conference

The Chateau Laurier bustled with

engineers on October 15 and 16 as

E.I.C. members from Ottawa and the

neighboring branches gathered for

the Ottawa Regional Technical Con-
ference. This was the 50th anniversary

year for the Ottawa branch and the

first year that a regional conference

had ever been held in the national

capital.

Fourteen papers on subjects as

diverse as nuclear research, new
power sources, sewage treatment and
mining were presented in the course

of the two days. The talk given at

Thursday's luncheon by Mr. Winnett
Boyd of Montreal on nuclear en-

gineering and its bearing on the future

development of Canada created con-

siderable interest at the conference

and in the press.

Friday's luncheon address was
given by Dr. John Convey of the

9 o'c]ock registration Friday morning
followed by the first technical ses-

sion. The day's program included a

general luncheon (with a special lun-

cheon for the Professional Develop-

ment Seminar), technical sessions,

cocktails, a banquet, a soiree review

and dance.

On Saturday, October 3, technical

sessions filled the morning and were
followed by luncheon and golf at the

Banff Springs Course.

Marks 50th Anniversary

Department of Mines and Technical

Surveys. His words on Mining and

Metallurgy in the Ottawa Valley

formed an appropriate introduction

to an afternoon of mining topics.

Mr. R. F. Legget opened the

Friday morning session on Ottawa
Valley projects with an interesting

history of engineering projects of an

earlier era in the valley. The con-

ference also featured suitable displays

set up by the Atomic Energy Coni-

mission and the National Capital

Commission.

The conference wound up with a

ballroom dinner dance at which mem-
bers were honoured with an address

bv the president of the Institute, Mr.

]. J. Hanna.

The Engineers' Wives Association

planned a full program for the ladies

which included a special tour on

The ladies were feted on Friday

with a tea and bridge parties at Tim-

ber Line Hotel and on Saturda\- they

were taken on a grand tour of the

surrounding \ acationland.

Technical sessions included discus-

sion of irrigation methods, power de-

velopments, economics of oil mining,

muskeg, construction projects, North-

ern affairs, land sur\e\\ h\ dro survey,

and soils stud\'.

of Ottawa Branch
Thursdax afternoon and a coffee party

on Frida\' morning.

McMaster Universit\' Inaugurates New
Engineering Building

Dr. K. F. Tupper, M.E.I.C.. offi-

cialh' opened the new Engineering

Building at McMaster University on

October 23 with the hope that in it

"students \\\\\ acquire habits of in-

dustr>-—a \\ illingness to work, to con-

centrate on one thing at a time, to

get things done . . . and to read. not

as computing niachines storing in-

formation to give it out upon deniand,

but critically, using their own judg-

ment."

Following the opening of the En-

gineering Building, an Engineers

Buffet Supper was held. The Autuam
Con\ocation took place that evening.
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Honorary Membershíp to James Alfred

Vance

An honorary membershíp, the

highest tribute paid by the Engineer-

ing Institiite of Canada, was conferred

upon James Alfred Vance of Wood-
stock by President J. J.

Hanna
at a recent meeting of the London
Branch. The council selected five

prominent engineers this year to

be recipients of honorary member-
ships, but at the time of the presenta-

tion at the 1959 Annual General

Meeting Mr. Vance was abroad at-

tending the Tenth Anniversary of

NATO as a Canadian delegate.

For many years Mr. Vance was a

member of the Woodstock Board of

Trade, its president and also a direc-

tor of the Canadian Chamber of Com-
merce. Since 1955 Mr. Vance has

been an active member of the Ontário

Water Resources Commission.

As councillor for the London
Branch, vice-president in the Ontário

zone, and president of the Institute

in 1950, Mr. Vance has served the

Institute long and well. In 1953 he

was awarded the Sir John Kennedy
Medal of the Institute for outstanding

merit in the profession.

(Continued on page 135)

James Alfred Vance (right) receives a certificate of honorary membershíp, the highest

honour bestowed by The Engineering Institute of Canada, from President J. J.

Hanna.

Honorary degrees were presented to four members of The Engineering Institute ot

Canada at the convocation of the University of Western Ontário on October 29. They
are (left to right): Henry Gaudefroy, dean of Ecole Polytechnique; Richard Lancaster

Heam, chairman of Ontário Hydro; James Alfred Vance, proprietor-engineer of

the James A. Vance Company; and Kenneth Franklin Tupper, president of Ewbank
& Partners (Canada) Ltd., Toronto.

University Registration

The Institute's tabulation of this

year's university engineering enrol-

ment in Canada will be found on the

following pages of this issue. This

information has been obtained direct

from the registrars, and is now an

annual Journal service to its readers.

The main highlights of this years

situation, as disclosed by the E.I.C.

survey, are the following:

a. The total enrolment in Canadian

engineering courses now stands at

14,475 which is down very slightly

this year by 77 students.

b. The incoming freshman class is

4150 strong, representing a decrease

of 9% as compared with 1958. The
drop over the last two years is now
20%.

c. The estimated number of 1960

graduates, making no allowance for

wastage during the year, is 2241. This

will be a 6/2% increase in terms of the

1959 figure, forecast a year ago.

d. New colleges giving recognized

engineering courses are still being

added to the list. On tliis occasion we
welcome the addition of St. Joseph 's

University to our surve\\

Readers will be able to make fur-

ther detailed observations by study

of the tables. However, if any ques-

tions should arise, E. I. C. Head-
quarters will gladK' tr>- to answer

them on request.
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REGISTRATION IN ENGINEERING AT CANADIAN UNIVERSITIES

rMVKKSITY

Year

General

Course

Agricultural

Engineering

Petroleum

Engineering

Chemical

Engineering

Civil

Engineering

Electrical

Engineering

Engineering

and

Business

Administration

Forest

Engineering

Geology

and

Mineralogy

Engineering
Mechanical

Engineering

Metallurgical

Engineering

bí

53

c

C

bC
_C

'c

o:
_o

EL,

bC

S
0)

M
'—

Memorial

Total

Ist

2nd
3rd

42
41

38

42
41

38

121 121

1 )alh()usie

Total

Ist

2nd
3rd
4th
5th

72
67
29

13

D
8

3

85
1%
1 o
37

3

168 30 198

8t. Mary's

Total

Ist

2nd
3rd

46
34
26

46
34
26

106 106

St. Francis Xavier

Tntnl

Ist

2nd
3rd

99
96
67

.... 1 99

.... 1 96

....
1

67

262 .... 262

X.S. Technical
College

Total

.

4th
5th

20
13

76
40

52
45

34
23

6

3
3
4

191

128

33 116 97 57 9 7 319

.\cadia

Total

Ist

2nd
3rd

51
32
41

51

32
41

124 124

Mount Alli.son

Total . .

Ist

2nd
3rd

71
72
47

71

72
47

190 190

Xew Brunswick

Total

Ist

2nd
3rd
4th
5th

2
2

2

52
40
49
62
52

41

37
40
34
24

29
32
24
25
27

17
1 9

8

141

123
123
121

103

6 255 176 137 37 611

St. Joseph 's

Total

Ist

2nd
3rd

44
18
10

44
IS

10

72 72

Lavai

Total

Ist

2nd
3rd
4th
5th

169
244

4
15

65
56
42

24
29
14

3
3
1

19
17

15

1

9
4

6
5

11

6
5

169

244
136
129
96

413 26 163 67 7 51 14 11 22 774

Ecole Polytechnique Ist

2nd
3rd
4th
Sth

268
327
273

14
97
66

'

52
33

6 34
33 7

' ' '8

7

"

21
8

268
327
273
232
16S

Total 1 868 21 163 85 6 67 14
1

15 1 29 1,268
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REGISTRATION IN ENGINEERING AT CANADIAN UNIVERSITIES

University

3
o;

>i

General

Course

Agricultural

Engineering

Petroleum

Engineering

Chemical

Engineering

Civil

Engineering

Electrical

Engineering

Engineering

and

Business

Administration

Forest

Engineering

Geology

and

Mineralogy

Engineering

33
<v

'm

pt

_5

s

bC

1

b£

o;

Total

Total

Ist

2nd
3rd
rr til

5th

232
252

28
20
28

53
78
65

102
102
54

41

55

' '

8
o
í7

7

' '

2
7
3

'

21
10
11

232
252
255
291
223

484 76 196 258 161 24 12 42 1,253

Sir George Williams

Total

Ist

2nd
93
37

93
37

130 130

OlltrI 1)1 OOKc

Total

Ist

2nd
3rd
4th
5th

50
52
45

'

18
13

11

7

3
6

50
52
45
32
26

147 31 18 Q 205

v-íLLaw a

1 o Lai

2nd
3rdj
4th
Oijíí

75
30

7
14

5
5
6

18
13
11

12

17

16

9
5

4
2

116
76
32
14
11

105 37 42 59 6 249

Carleton

Total

Ist

2nd
3rd

34
30
17

34
30
17

81 81

Queen's

Total

Ist

2nd
3rd
4th

238
42
48
36

56
36

^7

46
4*^

16

12
10

'

62
34
48

's

9
11

15

10

7

30
28
15

238
266
223
204

238 126 126 126 38 144 28 32 73 931

Toronto

Total

Ist

2nd
3rd

80
62
54
46

76
69
72
104

88
72
79
97

25
41

31
37

18
11

12

25

75
61

81

oo

15

9
16
1

9

6
13
14

20

119
125
75
7^

502
463
434
494

242 321 336 134 66 2Q7 ^9 53 392 1,893

McMaster

Total

Ist
9nrl

3rd

64
44
30

64
44
30

138 . . .
i 138

Ontário Agricultural
College*

Total

3rd
4tli

17

3
11
1

9

.... 28
15

20 43

Waterloo College**

Total

Ist

2nd
3rd

126
271

'

28
'

47 33 39
'

28

126
271
175

397 28 47 33 39 28 572

Western Ontário

Total

Ist

2nd
3rd
4th

96
39

4
2

10

5
9
10

•

•

3

96
39
30
20

135 6 15 19 10 185
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REGISTRATION IN ENGINEERING AT CANADIAN UNIVERSITIES

UXIVERSITY

Year

General

Course

Agricultural

Engineering

Petroleum

Engineering

Chemical

Engineering

Civil

Engineering

Electrical

Engineering

Engineering

and

Business

Administration

Forest

Engineering

>>M
"3

§.S
. !-
>) OJ

'3 'Sb
CD C
O w

Mechanical

Engineering

ç
53
a;

c
'Sb
c

'Sb
í-

"3

Mining

Engineering

DC
_c;

'x
>>

CL,

bC

53

c
'Sb

"3

'—

Assumptiou

Total . .

Ist

2nd
3rd

55
5
6

20
7

10
9

5
4

9
55
J.9

26

55 11 27 19 9 2 123

Sudbuiy

Total

Ist 16 16

16 ID

IMiinitobLi

Total

Ist

2nd
3rd
4th

216
185

63
48

50
36

3

3
3

'

46
44

5
6
3

193
168
134

401 111 86 Q 90 1 J.1"* 71

1

Saskatchewan

Total

Ist

2nd
3rd
4th

328
273

19
6

1

11

14

19
26

'

77
66

36
39

"l7

10
53
44

'

22
11

287
244
213

601 25 12 59 143 75 97 97 1 079

Alberta

Total

Ist

2nd
3rd
4th

330
11

18

17

50
38
42

112
79
71

129
77
49

1
'

38
45
22

8
1

2
7
4

12

9

OOU
347
284
215

330 46 130 262 255 -[ 105 1 ^ 13 91

British C^olninhifí

Total

Ist

2nd
3rd
4th

361
249

15
16

39
38

'

71

57 1

'

11

7
56
38

9
12

3
8

'

25
26

249
229
203

610 31 77 128 1 18 94 21 11 51 1,042

Canadian Services

Colleges

Roval Milita rv

Coilege (Kingston)

Total

Ist

2nd
3rd
4th

68
40

' '

8
19

'

30
27

25
30

'

24
17

10
QO

40
97
96

108 27 57 55 41 1 o 301

Royai Roads

Total

ist

2nd
91
7 4 16

'

21 12

91

60

98 4 16 21 12 151

rVíiipfp Tvíiiifí4ií'p

Royai de St.-Jean

Total

Ist

2nd
90
68

.... 90
6S

158 158

Grand Total 6,556 25 58 863 2,188 1,913 134 1 172 1,443 175 197 750 14.475

Prosppctive 1960
Graduates 6 28 244 644 513 37 1 56 438 57 53

1

164 2.241

*Students in Agricultural Engineering who will proceed to their final year in Mechanical or Civil Engineering at the University of

Toronto on completion of their studies at Guelph.

**The figuras shown for the University of Waterloo are valid only to the end of Deceniher, 1959. This is beoause course intakes are

on the "quarter system" and some of these students will be moving on to higher courses in January 1960 and again in April IPW).
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74th

E.LC.

ANNUAL GENERAL

AND

TECHNICAL MEETING

1960

Royai Alexandra Hotel

WINNIPEG - MANITOBA

MAY 25-26-27

rtiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiii^
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The two new conipanies, Beaco Lim-
ited and Canengco Limited, Montreal,
have brought together a number of

prominent E.LC. members to offer in-

dependent eonsidting services in Canada
and abroad. John Bertram Sterling, Hon.
M.E.i.c. (Qiieen's 11) is to act as direc-

tor and chairman of the board of Beaco
Limited, vvhile L. Austin Wright, m.e.i.c,

a past general secretary of E.I.C. (Toron-

to Tl) is the director and chairman of

the board of Canengco Limited. Robert

John Bertram L. Austin Wright,
Sterling, m.e.i.c.

HON. M.E.I.C.

F. McCune, m.e.i.c, has been named
director and president of the two com-

panies; Andrew T. Wilson, m.e.i.c.

(Qiieen's University, Belfast '46), direc-

tor and vice-president, Beaco; Donald C.

MacCallum, m.e.i.c. (McGill '38), direc-

tor and e.xecutive vice-president, Can-

engco and director, Beaco ; Alexander G.

Moore, m.e.i.c. Nova Scotia '25), direc-

tor, Beaco; Thomas A. Monti, m.e.i.c.

(Ecole Polytechnique '41), director,

Beaco; and H. John Racey, m.e.i.c.

(Queen's '28), e.\ecuti\e vice-president,'

Cia. Canadiense Internacional De Ingen-

eria, a Beaco subsidiary.

H. William Tate, m.e.i.c. (Toronto '10)

is die new chairman of the board of

De Leuw, Cather & Company of Canada,

Limited, Consulting Professional Engin-

eers, Toronto. Leslie W. Filiar, m.e.i.c.

(King's '25) has been appointed president.

G. J. Currie, m.e.i.c. (Nova Scotia '31)

has been made assistant chief engineer

of Nova Scotia Light and Power Com-
pany, Limited and subsidiary companies.

Lawrence C. Sentance, m.e.i.c, (Saskat-

chewan '35) is the new manager of

the Canadian Westinghouse Company's
atoniic energy division.

Lawrence C. Nikolajs Strauss,

Sentance, m.e.i.c. m.e.i.c.

Robert H. Hobner, m.e.i.c. (Manitoba
'35) has been appointed project engineer

with the Northern construction di\"ision

of tíie Department of Public \\ orks'

building construction branch in Ottawa.

Henry W. E. Rosenthal, m.e.i.c (Darms-

tadt '37) has been made mechanical en-

gineer in charge of production widi

L'Hoir Inc. at Levis, Quebec.

S. M. Breuning, m.e.i.c (Stuttgart '49)

has left the University of Alberta for a

post at Michigan State Universitx . Lan-

sing, Mich.

Nikolajs Strauss, m.e.i.c (Latvia "41)

lias been appointed by die Minister of

Public \\orks, Ottawa. to die post of

high\\a>s materiais engineer \\ith the

development engineering branch of the

public works department in Banff.

J. A. MacLean. m.e.i.c is the new man-

ager, central district of Associated Eleo-

trical Industries (Canada) Limited. K. R.

Brown, m.e.i.c (London Polytech. "44)

has been appointed manager of their

Pacific district.

(Contimicd on page 112)

If you have recently had

an APPOINTMENT or

TRANSFER, let The En-

gineering JournaVs editor-

ial department know about

it for a PERSONALS item.

If you have a recent

PHOTOGRAPH, send that

too.

Address ali information to:

The Engineering Journal,

Editorial, 2050 Mansfield

Street, Montreal, Que.
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Forged Steel Rolls for

Rolling Mills

^HADURA^ FULLY HARDENED
WORK ROLLS & COMPOSITE

SUPPORT ROLLS

Other types of Forged Steel Rolls

USED IN CANADA AND THE WORLD OVER

Hadfield's hardened forged steel work rolls are designed and
supplied in sizes up to 32 inches in diameter and up to approxi-
mately 10 tons in weight. Precision finish and long life are

unsurpassed. If required, 'Hadura' rolls can be produced with
a guaranteed minimum hardness of 100 'C Type Scleroscope.

Hadfieid's reputation in steel is your assurance of the finest

in materiais and workmanship.

For addifional details:

PEACOCK BROTHERS LIMITED
P.O. Box 1040, Montreal 3, Que.

Branches in Sydney, Toronto, Sudbury, Winnipeg,

Edmonton, Calgary, Vancouver

"Pioneers in Sfeel s/nce 1872"
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Ralph Clinton Pur- Dr. Edward P.

ser, M.E.I.C. Fetherstonhaugh,

M.E.I.C.

Ralph Clinton Purser, m.e.i.c, for

many years a member of the administra-

tive staff of die Topographical Survey of

Canada, died on September 9, at the

age of 73.

Mr. Purser was bom at Windsor, On-
tário, in 1886. He graduated from the

School of Practical Science, University

of Toronto, in 1907 and obtained a com-
mission as dominion land surveyor in

1910. He becanie a commissioned On-
tário land surveyor in 1921.

In 1909 Mr. Purser worked in south-

western Alberta as assistant on D.L.S.

surveys. The following year he returned

to Windsor, Ontário, to work on the

staff of J. J. Nevvaiian, Dominion and
Ontário Land Surveyors, as civil engineer.

From 1911 to 1932 Mr. Purser was
chief-of-party and then surveys engineer

for the Topographical Surveys Branch of

the Department of the Interior, later the

Topographical Survey of Canada, in the

Canadian West. He was in the administra-

tion of this organization from 1924 to

1932.

Instrumental in founding The Canadian
Surveyor, a magazine published by the

Canadian Institute of Surveying and
Photogrammetry, Mr. Purser acted as

its honorary editor from its inception in

1922 until 1928.

Upon his retirement from the Domi-
nion Government Service in 1932, Mr.
Purser took up free-lance writing and
acted as Ottawa correspondent for a

number of papers. A considerable part

of his writing dealt with technical sub-

jects and was published in national trade

magazines.

Tom Herbert Chapman, m.e.i.c, lost

his life in a sailing accident near North
Bay, Ontário, June 15.

Born in Toronto, March 20, 1917,

Mr. Chapman attended the University of

Toronto and received his B.Sc. in me-
chanical engineering in 1949.

In 1957 Mr. Chapman, working with

Milne Laidlaw Associates, consulting

engineers to the lumber industry, trav-

elled to Rússia and did contract work
for the Russian government at Archangel.

Prior to this Mr. Chapman had worked
on layout and design conveyor equip-

ment for Linkbelt Limited in 1949-50.

From 1950 to 1954 he was an engine

salesman for Geo. W. Crothers, Ltd.,

engineering and selling diesel power units

for power sawmills, power shovels and
electrical generators.

The Great Northern Woods Co. Ltd.'s

projected North Bay plant became his

concern in 1954, when he was sent up
they by D. W. Milne to develop the íirst

plant in Canada for finger-jointing and
edge-glueing white pine.

A squadron leader in the RCAF, Mr.

Chapman was awarded the Distinguished

Flying Cross for his services.

Edward Phillips Fetherstonhaugh, hon.
M.E.I.C, a past president of the Engi-

eering Institute of Canada, died in Win-
nipeg on October 19th, in his 81st

year.

Dr. Fetherstonhaugh was born in

Montreal and graduated from McGill

University in 1899. After five years of

engineering practice in Ottawa and
Montreal he returned to McGill, this

time as a lecturer in electrical engineer-

ing, a position he held until 1907. He
then moved to Winnipeg, where in 1909

he was appointed professor of electrical

engineering at the University of Mani-

toba.

Duríng the First World War Dr.

Fetherstonhaugh served in France with

the Royai Corps of Canadian Engineers

and was awarded the Military Cross.

With the return of peace he resumed
his teaching at tlie University of Mani-

toba, where he became the first dean

of the faculty of engineering and archi-

tecture in 1921.

Dean Fetherstonhaugh was for a

number of years a member of the Na-

tional Researcli Council. He had joined

the Engineering Institute of Canada as

a student in 1899, subsequently beconi-

ing a member of the Winnipeg Branch

executive, then chairman, tlien council-

lor until in 1945 he was elected to the

presidency of the Institute. He was the

recipient of the Julian C. Smith Medal
for that \'ear — the year of his retire-

ment — and in the same year McGill

conferred on him an honorary degree

of Doctor of Science.

Guy Montague Wynn, m.e.i.c, a

member of the Institute since 1915,

died in Montreal on October 2, 1959.

Mr. Wynn was born and educated

in Niagara Falis, Ontário. After attend-

ing Toronto Universit>' he joined the

Ontário Power Company at Niagara Falis

as engineer-in-charge of surveys for

construction.

Wlien Mr. Wynn took up a position

witli T. Pringle & Son, Montreal, 1905.

lie launched out on a 47-year career

with tliat company. At the time of his

retirement in 1951 he was executive

head of tiie firm. Among countless other

projects, Mr. \\'ynn was in charge of

the design and construction of the Can-

adair Ltd. plant, which at the time was
considered the largest of its kind in tlie

Commonwealth.

James Alexander Walker, m.e.i.c,

died in \'ancouver on September 22nd

at the age of 72.

As engineer-secretary of the \'ancou-

\or Tov\-n Planning Commission from

1921 to 1952. Ontario-born Mr. Walker

was affectionateh- known to the people

of his adoptod city as "Sandy Walker".
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He was largely instrumental in drafting

Vancouver's zoning by-law, and also

created town plans for New Westmin-

ster, West Vancouver and North Van-

couver city and district. Aniong the civic

structures he helped to develop and

build were the new Granville Bridge,

Burrard Bridge, and the underground

Canadian Pacific Railway tunnel in

downtown Vancouver.

Mr. Walker was educated at the Uni-

versity of Toronto and served in the

Canadian Army during the First World
War. He became a Life Member of the

Institute in 1953.

Oliver Tiffany Macklem, m.e.i.c, for

thirty years a member of the department

of civil engineering at Royai Military

College, died on May 1, 1959.

Born in 1883, Mr. Macklem attended

R.M.C, and McGill University, where

lie earned a B.Sc. degree in 1908. He
began teaching at R.M.C, in 1909 as an

instructor of civil engineering and re-

mained there until his retirement in

1938 but for a period of military Ser-

vice in World War I. In 1920 he was

niade an associate professor and in 1933

he became a full professor and head of

the civil engineering department.

Mr. Macklem came out of retirement

for a short time during World War II

to teach civil engineering at Queen's

University.

William Laird Smith, s.e.i.c, was the

victim of an automobile accident on

April 19, 1959. He was 23 years old.

William attended Manor Public &
High School in Manor, Saskatchewan,

and went on to earn his degree in pet-

roleum engineering at the University of

Saskatchewan in 1958. In 1959, working

as a laboratory instructor in petroleum,

he received his diploma in commeice.

At the time of his death, William

was working for British American Oil

at Stattler, Alberta.
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Canada Ltd.
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Kidde dry chemicals

kill more fíre faster!
Granted top rating by Underwriters' Laboratories, these two new
Kidde dry chemical extinguishers pack the extra punch you need to

knock out stubborn blazes. These 2V2- and 5-pound Kidde units put
out as much fire as eight and sixteen one quart carbon tetrachloride

portables respectively. They are perfectly balanced for fast action,

are light in weight, easy to operate even while wearing gloves. And
— no pin to remove, no valves to turn, no inverting or bumping
needed. Just aim at fire and press the lever! Pressurized, they can
be easily and quickly recharged with air or nitrogen. No pressure

cartridge needed. Write for more information on these new Kidde
extinguishers — easiest-to-operate dry chemical portables on the

market today!



ON LAND OR SEA...
With freight cars and tankers, tug boats and

cargo vessels, scows and tankers, Marine Industries Limited
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YOU GET THE BESJ NORANDA ALLOY

FOR RETUBING WHEN YOU USE

NORANDA TECHNICAL SERVICE FIRST

The key lo your hef^f

Norãnda
opportunilie» %n mtíah

Noranda Copperand Brass Limited
SALES OFFICES: Montreal • Toronto • London • Edmonton • Vancouvet

Noranda Technical Service

should always come before you choose

your alloy for condenser or lieat exchanger retubing.

Service condirions, water or coolant analyses, increased

operaring loads and many other factors must be considered— and

Noranda Technical Service is ready to help you choose

the right alloy to meet new needs.

Noranda Technical Service heips form the basis for correct alloy

selection for retubing. Then you're sure that the

alloy you use is the right alloy.

Think twice when retubing, Of Noranda Technical Service.

And then the alloy. Make no mistake about it
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NEWS OF THE BRANCHES

ASSUMPTION UNIVERSITY
OF WINDSOR
\\'illiani Pulleyblank, s.e.i.c,

Colicspondent

Piesident Hanna and J. Hance Le-

gere, director of technical services,

spoke to one hundred student engi-

neers on October 23rd. Mr. Hanna
stressed the importance of assessing

the meaning of engineering as a pro-

fession before entering into practice,

and suggested to the students that

they study the code of ethics in their

respective provinces. Mr. Legere
spoke briefly on the nature and bene-
fits of membership in E.I.C.

BORDER CITIES
R. L. Kennedy, jr.e.i.c,

Conespondent

\Ve vvere honoured to have as

guests at our annual dinner dance
October 23rd onr president, Mr.
Hanna, and Mr. J. Hance Legere. A
reception preceded a smorgasbord
dinner at the Essex Golf and Country
Club. In a short speech, Mr. Hanna
gave the branch several stimulating

suggestions for direction. He also

talked on Canada's wealth of re-

sources and vvarned against squan-
dering them for short-term gain.

CAPE BRETON
H. M. Aspinal], m.e.i.c,

Correspondent

The vvives of members and affil-

iated members of E.I.C. were guests

of Mrs. C. M. Anson at an afternoon

tea on October 23rd. Greeting the

many guests were Mrs. Anson and
Mrs. Chfford Murray, president of

the Cape Breton Engineers Wives
Association.

On October 30th E.I.C. members
held a dance foUovved by a buffet

lunch.

CHALK RIVER
G. R Fanjoy, jr.e.i.c, Correspondent

Mr. A. G. Muirhead, general man-
ager of Gillies Bros. and Co. Ltd.,

sketched the historical development

of lumbering in the Ottawa Valley at

the September 30di meeting. Lumber-
ing began with the felling of timber

to provide agricultural land and to

obtain potash and has progressed to

the production of sawn, kiln-dried

lumber and of pulp. Talking about

means of protecting forest stands from
fire, Mr. Muirhead pointed out that

more timber is destroyed each year

by fire than by logging. He suggested

that in many cases natural regrowth is

preferable to planting.

EDMONTON
I. G. Finlay, m.e.i.c, Correspondent

D. B. Menzies, m.e.i.c, Commis-
sioner, City of Edmonton, speaking

to branch members on September
38th, outlined several important

problems which in his opinion would
be solved by amalgamating the Cit\'

of Edmonton and several fringe mun-
icipalities and towns.

On October 28th V. R. Currie and
D. Dewar of the Department of

Transport spoke on Edmonton's new
airport. Mr. Currie explained its con-

struction features, while Mr. Dewar
talked about navigational problems.

HAMILTON
C. A. McCurdy, jr.e.i.c,

Correspondent

A plant tour of the Saint Lawrence
Cement Company in Clarkson, On-
tário gave members, their sons, and
McMaster engineering students a

chance to inspect modern dust col-

lecting and materiais handling equip-

ment.

On November 26th a progress re-

port on the NRU atomic reactor at

Chalk River was presented to mem-
bers at the Hamilton Armories.

HURONIA
L. Morgante, jr.e.i.c, Correspondent

Elected to office at the September
meeting were: chairman, S. R. Walk-

inshaw; vice chairman, A. H. Pang-

man; directors, F. Alport, E. L. Cav-
ana, R. MacKay, D. M. Harris, W. A.

Plant, and C. A. Fry; secretar\"-

treasurer, L. Morgante.

LETHBRIDGE
R. J. Knight, jr.e.i.c, Correspondent

The director of planning at Old
Man River District Planning Com-
mission, S. J. Clarke, was guest

speaker at the October 24th meeting.

Outlining the position of a profession-

al planner in today's municipal popu-

lation explosion, Mr. Clarke ex-

plained that the value of city plan-

ning is often misunderstood. He
pointed out that one has only to

view the existing results of poor plan-

ning to realize that efficiently co-

ordinated communities do not just

happen.

MONTREAL, JÚNIOR SECTION
Bernard Michel, jr.e.i.c,

Correspondent

Twenty-five members participated

in the annual golf tournament on

September 9th at the St. John Golf

Club. A dinner foUovved.

Registration for the Professional

Development Seminar was held on

October Sth. Two classes of partici-

pants ha\e been formed as a result

of high enthusiasm aniong the júnior

members.

NIAGARA
E. C. Little, M.E.I.C, Correspondent

The annual engineers' dinner and

dance w ere held at Prudhomme s Gar-

den Centre on September 25th for

some 225 couples.

On October 28th our president, J.

J. Hanna, talked to members about

vvork at headquarters. Teclinical

papers, politicai legislation affecting

engineers, and innumerable subjects

such as the Borden Report and how
problems which headquarters deals

with.
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NIPISSING AND UPPER
OTTAWA
R. D. Christie, jr.e.i.c,

Correspondent

Members heard J. F. Chantler, a

former chairman of the branch and

currently general mills superintend-

ent, Kipawa Mill, Canadian Interna-

tional Paper Co., Temiskaming, Que.,

talk on Communications and Indus-

trial Supervision in late September.

Speaking on employer-employee re-

lations, Mr. Chantler suggested: "If

the subordinate knew he could have
understanding without reproach, and
disagreement without retaliation, then

there would be true communication."

R. S. McLennan of North Bay was
appointed vice-chairman and J. War-
burton, executive committee member.

ONTÁRIO AGRICULTURAL
COLLEGE
Leeroy L. Gordon, s.e.i.c,

Correspondent

"Engineering Projects with the

United Nations" was the subject of

an impromptu talk on November 3rd

by H. Kitching, formerly with F.A.O.

in Rome and the Colombo Plan in

Pakistan. Mr. Kitching outlined the

organization of the United Nations

and went on to explain F.A.O's place

within the U.N. His illustrations of

F.A.O. projects were taken from
power machinery work, for that has

been his own field since 1953. He
talked in some detail about assign-

ments he planned in various parts of

Africa, South America and Southwest
Asia and showed coloured slides of

the projects.

SAGUENAY
E. E. Paine, jr.e.i.c, Correspondent

P. S. Subramanian and A. Subram-
anian spoke to a group of members
of E.I.C. and the Saguenay Chapter
of the Corporation of Professional

Engineers of Quebec on October
20th. As sénior engineers in the Ma-
dras Electricity Authority, the two
men spoke on "The Electrification of

Madras." They have been concerned
with the installation and operation of

Colombo Plan hydro-electric plants.

SAINT JOHN
Harley K. Larsen, jr.e.i.c,

Correspondent

New Brunswick's Attorney-General,

Hon. R. G. L. Fairweather, QC, was
speaker at a dinner meeting at the

Riverside Golf and Country Club on
October 26th. He described the

duties and responsibilities of his

office to the assembled group of en-

gineers and their wives.

ST. MAURICE VALLEY
William B. Scott Jr., jr.e.i.c,

Correspondent

Fali activities commenced on Oc-
tober 22nd when 40 members with

their wives attended a dinner meet-

ing at the Cascade Inn in Shawini-

gan. Chairman W. A. Pangborn pre-

sided and the gathering was ad-

dressed by Dr. Gerald Kaine on "The
Implications of Recent Advances in

Medicine." He covered the develop-

ment of antibiotics, quinotherapeutic

agents, Cortisone ACTH, Insulin and
anticoagulants and their use in treat-

ing virai diseases, arthritis, diabetes

and thrombosis. Recent developments

in câncer research were also traced.

SASKATOON
W. A. Friebel, m.e.i.c,

Correspondent

Cyril N. Hoyler, manager of tech-

nical relations at the David Samoff
Research Centre of R.C.A. Labora-

tories, Princeton, N.J., spoke to a

large gathering on October 19th de-

scribing some outstanding advance-

ments in the electronics of solids. He
reported that a number of new solid

materiais have been developed within

which electron action can be pre-

A
TO UTILITIES

Stone & Webster services to Utilities

are of three main types:

A Consulting Engineering, including

Reports and Appraisals —
covering the whole field of

utility operation

A Design and Construction —
with installations in the power
station field alone having an
aggregate capacity of over

22,000,000 kw

A Advisory Services —
furnished to more than 200
clients and dealing with ali

phases of utility management

Put Stone & Webster's experience

to work for you.

STONE & WEBSTER
CANADA LIMITED

44 King Street West — Toronto 1

917 Lancaster Building — Calgary
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cisel\- contiolled to achie\e a \ariety

of usefiil eftVcts. Elcctrolmninescent

materiais, according to Mr. Ho\ler,

will be tlie iiext step in industrial

lightiiig.

\\'e were shocked and grieved to

learn that two days after his visit to

the Saskatoon brandi, on October
21st, Mr. Hoyler was killed in an
autoniobile accident at Moosomin,
Sask.

SAULT STE. MARIE
R. L. Wimperis, jr.e.i.c,

Corrcspondent

A hydro film entitled "From Dream
to Reality" de.scribing the Saint

Lawrence Seaway in the area of Long
Sault Rapids west of Cornwall was
shown at the October 16th meet-
ing. This is one of the better films we
have seen and goes into such aspects

as the many diversions, coffer dams,
which eventually resulted in the elim-

ination of the Long Sault Rapids; the
building of power dams; flooding of

large áreas along the river; and mov-
ing of several towns.

One of our non-resident members,
Mr. G. Cameron of the Hydro Red
Rock Falis project, paid us a visit

accompanied by several hydro en-
gineers. It is rare that vve see non-

resident members because of their

wide dispersement.

TORONTO
D. R. Abbey, m.e.i.c, Correspondent

A Symposium on Engineering
Ethics was held on October 29th,

with the following participating: Dr.

G. R. Lord, head of the department
cf mechanical engineering, University

of Toronto; Dr. G. B. Langford, head,

department of geological science,

Univ. of Toronto; Mr. J. F. McLaren,
James F. MacLaren Associates; and
Mr. Joseph Sedgewick, Q.C.

Meetings of the Joint Area Com-
mittee (Civil), the Eléctrica! Section,

and the Power Section have also been
held. Members of the latter heard a

paper on the Border Dam Power
Plant prepared by Ewbank & Part-

ners (Canada) Ltd. on November
llth.

UNIVERSITY OF NEW
BRUNSWICK
Ardean Stairs, s.E.i.c, Correspondent

Professor L M. Beattie, M.E.LC,
head of the civil engineering depart-

ment at the University addressed

student members October Sth on

"The Philosophy of Engineering".

Chairmen of various committees were
elected and the meeting wound up
with refreshments. Plans are being

\

made for Engineering Week, Janu-
ary 23-29, 1960.

Sénior engineering students went
on a tour of the Hartland Bridge and
the Beechwood Power Development
on September 20th.

VANCOUVER
C. H. White, M.E.I.C, Correspondent

The B.C. Electric Small Auditorium
was the meeting place for a talk on
"Modern Developments in Concrete

Technology" October 20th. Raymond
J. Schutz, technical director of the

Sika Chemical Corporation, Passaic,

N.J., was the speaker.

Mr. Schutz stressed the variety of

possibilities offered by modem con-

crete. Unit weights vary from 23
Ibs. cu. ft. up to 350 Ibs. cu. ft. and
compressive strength ranges from 100

Ibs. sq. in. up to 10,000 Ibs. sq. in.

The low-weight and strength con-

cretes, he explained, are lightweight

concrete fills, while the high strength

concretes are used in pre-stressed

work. The high unit-weight concretes

are being put into shielding for atomic

energy projects.

For
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Franhi Pressure^injected Footings Give

Remarhable Saving in Time and 3Money

Probtém

High cost of placing conventional footings in fine running

sand and tfirougfi a water table dose to ground surface.

Soiution

Because of tfie ease of installation, Franki Pressure Injected

Footings were used, eliminating such expenses as sheeting,

pumping and ali excavation. Because of their unusual carrying

capacity developed by high compaction of this cohesionless

soil, only one pressure injected footing was necessary under

each column. Cost was halved and only twelve working

days were required to place 123 Franki Pressure Injected

Footings compared to 5 to 6 weeks which conventional

footings would have taken.

OR CANADA L.I IVI ITED
Head Office: 187 GRAHAM BLVD., MONTREAL 16, P.Q.

QUEBEC OTTAWA TORONTO EDMONTON VANCOUVER



LIBRARY NOTES

Prcpívred by the Libraiy, The Engineering Institute of Canada

FUNDAMENTALS OF BOILER

HOUSE TECHNIQVE

Intended to help bridge the gap be-

tween the practical and theoretical con-

sideration of problenis concerned with

boiler house technique, this text covers

types of boilers; water treatment; steam;

fuels; fhie gas testing; atmospheric polhi-

tion; combustion; sohd, hquid and gas-

eous fuels; and boiler house efficiency

and testing. (P. D. Dehnel. London,
Hutchinson, 1959. 25/-.)

CRUSHING AND GRINDING;

A BIBLIOGRAPHY

The first part of this volume con-

tains a series of short reviews of crush-

ing and grinding in connection with

ceramics, cement, minerais, chemicals,

etc, and of fire and explosion hazards

ín crushing and grinding operations.

The 2800 annotated references in the

bibliography are classified under the

general headings of: fundamental as-

pects; crushing and grinding practice;

equipment; coarse reduction; fine reduc-

tion; non-mechanical methods; materi-

ais; methods of particle size and sur-

face area determination; classification;

dust and fire hazards. Each section is

further subdivided. There are nanie and
subject Índices. (W. H. Bickle, comp.
London, H.M.S.O., 1958. 42.5p., 35/-.)

FEDERATION INTERNATIONALE
DE LA PRECONTRAINTE, 3rd
CONGRESS, 1958

The increased use of prestressed con-

crete is reflected in the sixty-two papers
presented at this Third Congress, held
in Berlin in May 1958.

The speakers came from ali over the

world, including Eastern Europe, and
the papers are written in English,

French, German or Spanish. The first

session was concerned with develop-

ments in design methods. The second
discussed progress in prestressing tech-

nique as applied on the site, with spe-

cial reference to grouting, anchorages,

reduction of friction, and safety pre-

cautions. The last group of papers is

concerned with progress in the manu-
facture of factory-made precast, pre-

stressed, concrete units and in their use
and assembly on the site.

A second volume, not yet published,

will contain the discussions. (Ed. by R.

P. Andrew. London, Cement and Con-

crete Assoe, 1958. 766p., $40.00, special

price to E.I.C. members $30.00.)

THE AUDIO CYCLOPEDIA

Written in the form of 3400 ques-

tions and answers, this reference work
covers ali phases of audio, including

hi-fi and stereo. Among the topics cov-

ered in the 26 sections are: basic

principies of sound; acoustics; constant

speed devices; attenuators; sound mix-

ers; vacuum tubes; transistors and di-

odes; recording of ali types; motion
picture projection equipment; loud-

speakers; test equipment; stereophonic

recording.

The information is easily accessible

by means of a 54 page index, there are

many useful illustrations and diagrams,

and the volume should prove invalu-

able. (H. M. Tremaine. Indianapolis,

Sams, 1959. 1269p., $19.95.)

CITIES IN THE MOTOR AGE

This volume is an attempt to sum-
marize and evaluate a conference held

in 1958 which discussed tlie problems of

the rapid urbanization of the United
States.

It is a penetrating discussion of city

planning, the U.S. national highway
programme, suburban versus city life,

the role of the railroads, and the im-

pact of the automobile on everyday
living. (Wilfred Owen. Toronto, Mac-
millan, 1959. 176p., $4.50.)

"the EXPLORATION OF SPACE BY
FADIO

Surveys the field of astronomical

studies, including the radar techniques

for the investigation of various aspects

of the solar system, as well as tlie

receiving techniques which are used to

study the solar and the galactic and
extragalactic radio emissions. Specific

aspects discussed include the hydrogen
line, scintillation of the radio stars,

meteors, the aurora borealis, and the

Jodrell Bank radio telescope. (R. H.
and A. C. B. Lovell. Toronto, Ryerson,

1957. 207p., $7.00.)

concrete: the VISION OF A

NEW ARCHITECTURE

Dealing with the architectural rather

than the tcchnical aspects of rcinforced

concrete, the purpose of this study is

to describe the development of a new
building material, and to discuss the

efforts of architects to find its most

appropriate form.

The first part of the volume deak
with the history of concrete as a buUd-

ing material between 1800 and 1914,

when it came into general use. The
second part considers the work of

architects of the nineteenth and twen-

tieth centuries.

The third, and largest, section of the

book is devoted to the work and tlieories

of Auguste Perret who was regarded as

the leading figure in the field during

the first half of this century. Many
illustrations of his work are included.

The author, an associate professor of

architecture at McGill University, worked
for some years in the office of one of

Perret's pupils. He beUeves his study

will be of interest to the man\^ structural

engineers "who have to coUaborate with

architects, and find their attitude of

mind quite incomprehensible." (Peter

Collins. Toronto, British Book Ser\ice,

1959. 307p., $12.75.)

'jOINTS AND CR.4CKS IN

concretí:

Essentially this is a practical guide

to tlie use of joints in tlie building of

sound structures, although some consid-

eration is given to theoretical aspects.

It gives a survey of jointing materiais

and methods of construction, describes

correct and economical jointing tech-

niques, and discusses diagnosis and treat-

ment of faults. Witíi the aid of diagrams

and photographs most t>'pes of concrete

structures in which jointing problenis

are likely to arise are co\ ered, including

buildings, water-retaining structxu-es,

pavings, bridges, masonry construction,

and concrete pipes. (P. L. Critchell.

London, Contractors Record, 1958. 232p.,

40/-.)

"INTERNATIONAL COMMITTEE ON
ELECTROCHEMICAL THERMODYN.AMICS

AND KINETICS. NINTH MEETING.

PROCEEDINGS

A collection of papers discussing

thcrniodynamical data and potential —
pH diagrams, electrochemical definitions,

experimental methods in olectrochem-

istr\-, batteries and accumulators. corro-

sion and protection against corrosion,

electrochemical kinetics, and modem
electrochemical metliods in analytical
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Bevel Geirs; Spiril

Bevels up to 34" dia;

High Speed SpirtI Bevel

Gear Units; Triple-

Reduction Bevels;

Epicyclic Gears; Racks
and Pinions; Spur,

Hellcal and Worm Gears;
Complete Gearbox Units

Standard or Special

. . . every type . . . every size

Eng'ineef$ fhe worid over know fhe

precísíon of our work

EXPERIENCE IN EVERY FIELD is the answer

. . . this experience is available to YOU!

We ensure quick delivery of ali Gear Uniis

Reid Every type . . . every size . . . for every need

^^^^ sC
"^f^ THE REID GEAR CO. LTD. LINWOOD, RENFREWSHIRE, SCOTLAND

chemistry. The papers are written in

French, German and English. (Toronto,

Butterworth, 1959, 489p., $24.00.)

'CENERAl. GALVANIZrNG: A
MANUAL OF GOOD PRACTICE

Combines the results of research work
with the practical experience of ex-

perts in the British galvanizing industry.

The manual covers degreasing and paint

removal, pickhng, preparation of cast-

ings, rinsing and pre-fluxing, dipping,

fluxes for wet galvanizing, ash forma-

tion and treatment, dross formation and

recx)very, inspection and testing, and

finishing treatments. (Montreal, Consol-

idated Mining and Smelting Co., 1957.

56p., $3.00.)

'mathematical programming
and electrical networks

A new approach to mathematical

programming based on an analogy with

electrical networks. It is shown that any
direct-current electrical network made
up of current sources, voltage sources,

ideal diodes, and ideal transformers is

equivalent to a pair of dual linear pro-

grams. A simple algorithm is developed

for solving diode-source networks which
is applicable to network flow problems
including the transportation problems.

A procedure for algebraically tracing

the breakpoint curve of a diode-source-

resistor-transformer network is derived,

and it is used to obtain optimal Solu-

tions to general linear or quadratic

programs. (J. B. Dennis. New York,

Wiley, 1959. 186p., $4.50.)

"labor MANAGEMENT RELATIONS

Employee-employer relations are dis-

cussed from a highly practical point of

view. Methods are presented for the

solution of the problems involved in this

relationship, and new techniques are

presented for management administra-

tion and policy in both union and non-

union operations. The importance of

proper labor contract language is stressed

as are the effect that emotions have

in labor relations, the problems of the

union shop, and the effect of "right to

work" laws and strikes. (C. Wiedemann.

New York, Reinhold, 1959: 142p., $3.75.)

'paris symposium on radio astronomy

A coUection of papers reporting the

latest advances in radio astronomy. The

authors discuss moon reflections, radio

emission from Júpiter and other planets,

radio emission from the quiet and active

sun, radio studies in the discreto radio

sources (radio stars), radio evidence on

the large scale structure of our own and

externai galaxies, cosmology, and the

mechanisms by which solar and cosmic

radio waves are generated. These

papers constitute the proceedings of a

symposium held in 1958 which was

jointly sponsored by the International

Astronomical Union and the Interna-

tional Scientific Radio Union. (Ed. by

R. N. Bracewell. Stanford, Cal, Stan-

ford University Press, 1959. 612p.,

$15.00.)

"programming BUSINESS COMPUTERS

Intended for the person involved in

day-to-day application of electronic com-

puters to business data processing prob-

lems, the book begins with such funda-

"... and there is literally

no "or equal"

for Pozzolith."

Research, Engineering and Concrete Control Divisions

THE MASTER BUILDERS COMPANY, LTD.

Technically trained representativas in ali principal cities

Vancouver • Edmonton • Winnipeg • London • Toronto • Montreal * Saint John
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I

CANADIAN NATIONAL RAILWAYS
Cote de Liesse Yards, Montreal, Quebec.

Plumbing Confracfor: Connelly & Twizell Ltd., Montreal.

The new CN R. Cote de Liesse Yards, shown in the above aerial photograph,
fhe growth of Canadian Transportation since World War M. The new mointeno
the center of the photograph, are heated by three
500-H.P. Volcano Storfire high-pressure steam boilers.

This building is among the many important structures in

which Volcano boilers have been installed. Included are
plants, public Utilities and government bulldings, leading
hotéis, office and apartment buildings, universities,

colleges, schools and institutions from coast to coast.

are indii

nce shop
cative of
s, seen in

• Starfire Automatic Boilers Reduce
Costs and Breakdowns

• Most modem combination boiler

and oil-or-gas firing unit— 9 H.P,
to 500 H.P.

• A complete unit — compact design

fits into small boiler-room space —
and easy to install.

• No foundation or large chimney
needed (requires only vent pipe to

olear surrounding building) — con-

nect to steam, water, fuel and elec-

tric Unes—and it's ready to operate.

• Economical.

More fhan a cenfury

of specialized experience

VOLCANO LIMITED
8635 S>. Lawrence BIvd., Montreal, Que*

Works: St. Hyacinthe, Que.

Bronches: Toronto • Quebec City

Sales and Service Representatives

in ali principal cHies

mental concepts as the central concept

of the file, flow charting, and the gen-

eral characteristics of electronic com-
puters. Numerous examples are then

given to explain the standard techniques

of coding. These examples are written

in terms of a hypothetical computer
called DATAC which is a compUation
of tlie features of many machines. Also

included are such advanced techniques

as timing estimates, file organization.

automatic coding, and random access

storage devices. The authors conclude

with a summary of the steps invoKed
in establishing a computer appUcation.

and an examination of the accounting

and auditing problems associated with

electronic data processing. (D. D. Mc-
Cracken and others. New York, Wiley,

1959. 510p., $10.25.)

"automation and computing

Following an historical background

of automation and of analog and digital

calculation, tlie author discusses the

logical design of calculating machines

and the application of digital and analog

techniques to automatic process control,

machine tool control, and assembly. The
achievements of computing machines in

various fields are assessed, including

tliat of sports and translation, and it is

shown that automation can play an im-

portant part in office procedure and in

strategic and economic planning. (A.

D. Bootli. Galt, Brett-Macmillan, 1959.

158p., $5.00.)

°THE THEOHY AND DESIG.X OF
MAGNETIC AMPLIFIERS

Practical design techniques are coni-

líined with theory in this suney of

transductors and magnetic amplifiers.

Those aspects discussed include transient

and steady-state operation of idealized

transductors, self-e.xcited and auto-ex-

cited transductors, closed loop control

systems, transient and frequency response

of transductors, high-speed transductors

and magnetic amplifiers, balanced mag-

netic amplifier circuits, low le\el ampli-

fication and multi-stage amplifiers and

magnetic modulators. (E. H. Frost-Smith.

London, Chapman and Hall, 1958.

487p.. $15.00.)

°HEAT TRANSFER ENGINEERING

A unified approach to heat transfer

based on two fundamental concepts: the

first law of thermod\namics referred to

as energy balance, and the various rate

equations. The author discu.sses basic

conduction theory; free convection;

forced convection, including heat trans-

fer in compact surfaces and to and

from liquid metais; radiation between

two or more bodies; and unstcady-state

conduction in one, two, and three di-

mensional systems. \'arious applications

are then considercd such as the finned

or extcnded surfacc, the simple Ixiiler

and condenser, and tlie heat cxchanger

in its various fornis. (H. Schcnok, Jr. New
York. Prontice-Iíall, 1959. 310p., $9.25.)

CANADA S LEADING MANUFACTURER OF AUTOMATIC HEATING EQUIPMENT
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• MONTH TO MONTH
(Continued from page 105)

Birmingham College Administrators

Visit Montreal

Dr. Venables and Dr. Slater, lespec-

tively principal and head of the

departinent of Metalluigy at the Bir-

mingham College of TechnoIog>' ín

England, vveie guests of honour at

a luncheon given at the University

Club, Montreal, on October 16th, by

the Institute. The two men vvere in

Montreal for several days visiting

Ecole Polytechnique and McGill Uni-

versity. Dr. Venables also spoke to

the Montreal branch of E.I.C. on

British Engineering Education.

Present at the luncheon vvere Dean
Mordell and Professor Bruce of Mc-
Gill, Dean Gaudefroy and Professor

Vinet of Ecole Polytechnique, A.

Deschamps, G. Boissonnault, G. N.

Martin, R. S. Eadie and E. C. Luke
of the Institute, representing Dr.

Page vvho was unable to attend.

New Canadian Fairs Council

A committee representing national

Professional, scientific, engineering

and educational organizations has

recently announced the forniation of

a Canadian Science Fairs Council to

promote the science fair movement.
Boys and girls attending public and

private schools are to show exhibits,

demonstrations and collections at

these fairs which they have prepared

outside school hours. This is an effort

to extend students' interest in pure

and applied science.

Pending appointment of a full-time

science fair co-ordinator, the council

will have headquarters in the offices

of The Chemical Institute of Canada,
18 Rideau Street, Ottawa.

The new Council is supported by
E.I.C, The Chemical Institute of

Canada, Canadian Education Associa-

tion, Canadian Teachers' Federation,

Canadian Association of Physicists,

and various other professional bodies.

The Engineering Index

The criticai needs of engineers and
scientists for better access to the

rapidly mounting volume of engineer-

ing and scientific publications are

being studied by a Science Informa-

tion Service under the leadership of

the American Science Foundation.

Engineering Index, Inc., is housed
in the Engineering Societies Build-

ing, 29 W. Thirty-Ninth Street, New

York 18. Since 1885 its job has been

to Índex ali technical publications.

Subscribers to the Engineering

Index receive abstracts in the form

of 3" X 5" library cards daily which

give a brief review of ali scientific

articles which come to the Index's

attention. Subscribers vvho do not

wish this complete service can signify

their particular area of interest and

thus receive ali pertinent abstracts,

in this same 3" x 5" card form, once

a week.

International Association for Bridge and

Structural Engineering

E.I.C. recently became a corporate

member of the International Associa-

tion of Bridge and Structural En-
gineers, as approved by Council in

October 1938. The association aims

to promote international co-operation

among engineers, scientists and
manufacturers. With frequent publi-

cations, and congresses every four

years, it endeavours to disperse

knowledge, ideas and results of re-

search work in the sphere of bridge

and constructional engineering in

general. Headquarters are in Germany
and transactions are carried on in

English, French and German.

In Cold
Weather...

SIKACRETE

GIVES YOU
• EARLY FLOOR FINISHING

• EARLY STRENGTH

•LOWER FINISHING COSTS

Sikacrete is a liquid admixture
which causes rapid strength de-

velopment in concrete and nior-

tar — saves hours of overtime

finishing. reduces possibility of

daniage by freezing, and floors

jnay be opened to traffic sooner.

Sikacrete contains Plastiment
densifying agent which gives

these structural benefits: great-

er density. hard non-dusting

surfaces. increased ultimate

strength. and reduced cracking.

ín addition to lower finishing

rosts, early strength reduces

both the time and cost of cold

weather protection. For com-
plete details, write for Bulle-

tin 51-57.

• Toronto, 660z Eglinton Ave. E.,

• Montreal, 4630 St. Catherine St. W.

• Vancouver, H9 West Pender St.

SIKA
CHEMICAL of

CANADA LTD.

HU. 9-7251

WE. 7-2132

MU. 4-7018 A

depend on

DART
ti

Two
Bronze Seats

Ground to a
True Ball Joint

/
RT UNION COMPANY OF CANADi
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Employment

Biilletin

No. 59-12

EMPLOYMEXT
SERVICE

SITUATIONS VACANT

CHEMICAL
CHEMICAL ENGINEERS AND CHEM-
ISTS—with up to 5 years' experience re-
quired by leading Chemical manufactur-
ing company to work on the develop-
ment of new processes and products and
the improvement of manufacturing tech-
niques. This is an unusual opportunity
to join a top team of Canadian engineers
and scientists in a rapidly expanding
organization. Salary fully commensurate
with experience and qualifications. Ap-
plications in writing will be treated con-
fidentiaUy. File No. 6829-V.

CHEMICAL ENGINEER for technical
sales. Toronto location. Travei in Ontário.
This is an opportunity for an exper-
ienced man seeking broad and general
sales responsibility in an expanding mé-
dium sized Chemical company, serving
paper, textile, paint and varnish indus-
tries. Salary open. File No. 6882-V.

ENGINEERING GRADUATE for general
ali round duties in chemical process plant
in Western Canada. Modern home avail-

MECHANICAL ENGINEER

Required by

SASKATCHEWAN RESEARCH
COUNCIL

The position will involvc applled re-
search in selected projects concerned
with the industrial development of the
province. The fieids of fluid mechonics,
thermodynamics, heot tronsmission ond
machine design will be involved, i.e.

pilot plant designs, development of
pneumatic and hydraulic transport, cold
weather lubrication etc. 37'/2 hour
week, 3 weeks vacation, sick leave, pen-
sion plan, time allowed for University
courses. Salary range $6000-$7500 per
annum, dependent upon qualifications.
Send full particulars to Engineering
Division, Saskatchewan Research Coun-
cil, Saskatoon, Saskatchewan.

able. Ali usual fringe benefits. Perma-
nent position. File No. 6896-V.

CIVIL

GENERAL SUPERINTENDENT RE-
QUIRED. By General Contractor in East-
ern Ontário City. This man must have
a proven record of performance on
building contracts in excess of one mil-
lion dollars and be capable of directing
the work of several job superintendents
with the utmost economy. Applicant
must be capable of dealing with Archi-
tects and Engineers and settling matters
with considerable dispatch. Graduation
in civil engineering would be preferable
but not mandatory. Top salary and good
future prospects for the right man. Re-
plies treated confldential. File No. 6837-V.

THE NEW ZEALAND MINISTRY of
Works invites applications for the fol-
lowing vacancies on the Permanent Staff.
Positions, qualifications desired and sal-
aries offered are as follows: CIVIL EN-
GINEER: Corporate membership of the
Institution of Civil Engineers, London or
equivalent qualification, together with
sufficient appropriate experience. Com-
mencing salaries up to £1485 per annum.
ASSISTANT CIVIL ENGINEERS: A Uni-
versity Degree in Civil Engineering or
Graduate Membership of the Institution
of Civil Engineers, London with at least
five years of practical experience since
commencement of pupilage. Commencing
salaries £830 up to £1020 per annum.
File No. 6881-V.

ENGINEERING PARTNER. Architect in
private practice five years desires civil
engineering partner. Location South Cen-
tral Ontário city. File No. 6883-V.

CIVIL ENGINEER with at least 7 years'
structural steel and concrete design ex-
perience. Must be able to direct design
team in Montreal. Should be bilingual
and preferably Canadian University Grad-
uate. State salary expected. File No.
6888-V.

CHIEF ENGINEER, Civil or Municipal.
Our client, a very well-established and
expanding firm of consulting engineers.
requires two chief engineers for Prairie
branch operations. Under the general di-
rection of the Branch Manager, respon-
sibilities will involve the direction of
ali branch engineering work, including
the supervision of resident engineers, in-

THE ENGINEERING INSTITUTE OF CANADA
This Service is operated for the benefit of members of the Engineering
Institute of Canada and for organizations employing engineers.

SITUATIONS WANTED
Advertisements are inserted free of charge for members of ali classes.

Maximum length is 60 words, and repeat insertlons must be seporat-cly

requested in writing for each desired appeoronce.

SITUATIONS VACANT
Rate: Six dollars per column-half-inch per insertion.

Replies to advertisements should be addressed to the file number, Employ-

ment Service, 2050 Mansfield Street. Montreal. Interviews with the Em-
ployment Service may be arranged by calling Vi 2-5078 at the above
address.

The City of Prince Albert, Sask-

atchewan, (Pop. 22,000), requires

an assistont to the City Engineer.

DUTIES: to assist in ali phases of

Municipal projects and operotion

of the department, including traf-

fic control facilities. An interest in

Community PIonning desirable but

not essentiol.

QUALIFICATIONS: Must hold a

degree in Engineering preferably

Civil from a recognized University.

Position offers varied experi-

ence, future security and an oppor-

tunity for odvancement.

Stortlng Salary $400.00 to

$450.00 per month depending on

experience.

Apply in writing stating age,

experience and relevont informa-

tion to the undersigned.

S. E. Parker,

Personnel Officer,

Prince Albert, Saskatchewan.

spectors. and surveyors. generally en-
gaged in the design and installation of
municipal facilities. Requirements in-

clude an engineering degree and qualifi-

cations for Professional registration in

anv one of the Westem Provinces. Ap-
plicants should have at least several
years of relevant experience, preferably
in consulting or municipal work. Pre-
ferred age range 35-45. Initial salary
$600 to $800 as a minimum, with a very
good possibility of becoming a member
of the firm within a few years. Write in

strict confidence, quoting Reference No.
293, and give full details of training. ex-
perience, and personal data to: STE-
VENSON & KELLOGG LTD., Member
Association of Consulting Management
Engineers Inc., 810 Royai Bank Building,
Vancouver 2. B.C. File No. 6889-V.

CIVIL ENGINEER required for appoint-
ment to the permanent staff of médium
sized firm of engineers and contractors
doing heavv construction iMines. Mills.

Graiii Elevators. Docks and Bridgesí and
operating primarily in Northwestern On-
tário. Applicants to be Professional En-
gineers with a minimum of five years'
experience in appropriate design and or
construction. Experience with heavy piled
foundations and cofferdams an assei.

Personalitv and ambition essential. Ap-
plicants to give full details and salary
expected in first communication. File No.
6892-V.

CIVIL ENGINEER youivff and energetic.
with one or two years" construction ex-
perience to eventually manage estimating
and expedítiiig for firm of General Con-
tractors, Province of Quebec. File No.
6893-V.
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Julv 5; Aug 5; Sept 5; Oct 5;

Nov 5; Dec 7

Metal working industries.
Instrumentation.

Metal fabricating (Instrumenta-
tion in industry) Apr 97

Month to month Jan 72;

Feb 84; Mar 92; Apr 104; May 118;

June 105; Julv 103; Aug 97; Sept 111;

Oct 128; Nov 90; Dec 104
Muskeg
Mobility on the muskeg frontiers,
N. W. Radforth and J. M. Evel. July 50

National Aeronautical Establish-
ment of Canada. Mar 89

National Association of Corrosion
Engineers. Montreal section. Oct 128

National Broadcasting Corp.
Chemistry course Nov 000

National Research Council.
Scholarships.

What happens to applicants for
National Research Council
scholarships in science and en-
gineering, P. Beaulieu. Mar 71

National Society of Professional
Engineers Oct 128; Nov 9í

New Brunswick. Geology.
Geological features and founda-

tion treatment at the Beech-
wood development, I. D. Mac-
Kenzie and E. L. Brown Dec 54

News of other societies Jan 96;

Feb 112; Mar 112; July 125; Oct 129;

Nov 98

News of lhe associalions and
^

Corporation. Jan i^-

Feb 90; Mar 104; .A,pr 146: May 123;

June 108; July 124; Aug 98: Sept 119;

Nov 97
Noise control
Something can be done about

noise, F. S. Howes . Dec 80

North American Air Defence
Command Sept 108

Nova Scotia Technical College Mar 94
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gress, 1959 Feb 112
er. Canada Oct 124
» plants.
of a Daniels-Boyd
am generator; a 400
C power plant, W.
)tt'ers Oct. 111
ír plants. Great

Oct 126
T plants. Japan Oct 127
ors. Canada. June 95
tors. Materials,
the world nuclear
ram, Sir C. D. Gibb. July 43

Jan 75
íar 95; Apr 108; May 124
July 109; Aug 104; Oct 132

- Feb 89
Alzner, E June 109; Aug 104
Bickerdlke, Lt. Col. R Jan 75
Bush, H. F Feb 89
Bower. J. H May 124
Camsell, Dr. C Feb 88
Chapman, T. H Dec 118
Chestnut, V. S July 109
Corner, E. P May 124
Crepeau, A. C Oct 132
Critchley, R. F Oct 132
Davy, R, F Apr 108
de Stein, J. N May 124
Dick. James A May 124
Douglas. G. V Jan. 75
Edington, W. J Mar 95
Elgee, H. A Apr 108
Elliott. W. I June 109
Fetherstonhaugh, E. P Dec 118
Flynn, J. E Feb. 89
Francis, T. F July 109
Fraser, C. E Oct 132
Freeman, J. R Oct 132
Fvshe, T. M June 109
Gayfer, A. J July 109

Gibb. Sir CD
I

Apr 108

Gilchrist, T. E Apr 108
Greig, Ewart July 109
Griesbach, W. C May 124
Henderson, H. B June 109
Holmes, A. R July 109
Hunter, J. S Jan 75
Innes, E. P Mar 95
Jane, Dr. R. S Mar 95
Joy, Wing Commander D. G. Feb 89
Joyce, C Apr 108
Lanouette, M. G Mar 95
Lapp, J. H June 109
Lawson, W. S Jan 75
McAllister, C. D July 109
MacArthur, J. A • May 124
McCammon, J. W Mar 95
McDougall, J. C June 109
Mackiem, O. T Dec 119
MacMahon, J. W Apr 108
McNicoll. A. E June 109
Miles, E. L Oct 132
Moran, F. P Jan 75
Mugaas, H Feb 88
Murphy, J. J Apr 108
Neeland, W. D June 109
Niazi, A. Q Apr 108
Parkinson, G. W May 124
Patterson, E. B Oct 132
Plummer, A. A Apr 108
Porter, J. W July 109
Purser, R. C Dec 118
Rands, C. N Aug 104
Keed, G Aug 104
Robertson, H Aug 104
Scott. Col. C. A Aug 104
Sharman, F. R June 109
Shaw. J. A May 124
Smalley, R. G May 124
Smith, W. L Dec 119
Stairs, G. S Feb 88
Stanbridge, M. J Mar 95
Stickney, W. R June 109
Stiles, Dr. J. A May 124
Stinson, J. N July 109
Taylor, J. C. D Mar 95
Tempest, F. C Mar 95
Vermette, N. J. A June 109
Walker, J. A Dec 118
Warburton, W. E July 109
Whillans, T. O Feb 89
White, J. R Feb 88
Wilbur, G. P July 109
Wynn, G. W Dec 118

Oil sands June 95
Oil tanks. Foundations
Oil tank sites preloaded by well

point system, R. F. Scott Aug 79
Ontário Research Foundation
Applied physics at the Ontário
Research Foundation Feb 82

Oxygen. Manufacture
A large capacity oxygen plant for
copper refining, J. T. Hugill. Aug 60

Paper and pulp industry.
Instrumentation.

Pulp and paper (Instrumentation
in industry series) Feb 74

Paper flaws. Detection

The development of an electronic
detector of flaws in paper, M.P.
MacMartin and N. L. Kusters. June 77

Personals. Jan 77
Feb 91; Mar 96; Apr 109; May 130
June 110; July 110; Aug 102; Sept 120
Oct 130; Nov 92; Dec 110

Petroleum industry.
Instrumentation.

The oil and gas industry (Instru-
mentation in industry series) Aug 88

Phologrammetry
Photogrammetry in highways and
railways engineering, J. M.
Zarzycki Mar 62

Photography. Industrial applications.
Photography and electronics as

tools in hydraulic work, K. W.
Gent and I. W. McCaig Dec 69

Pinelines. Canada Jan 69
Plstons
The free piston engine,

R. G. Fuller Apr 77
Ports and harbours. Moonsonee. Mar 90
Potash mines and mining.
Canada. June 94

Power generation, By-products.
The economics of by-product
power generation, W. P. London
and W. M. Newby Dec 63

Power generation. Canada.
Power in Canada; net generation
up 6.3% in first seven months
of 1959 Oct 59

Power generation. France. Oct 126
Power generation. Southeast Asia. Oct 129
Precast concrete construction.
Precast concrete for winter build-

ing, A. W. Smith and C. R.
Crocker Nov 61

Professional Developments Pro-
orams. National Conference,
1959. Sept 114

Pulp Aug 96
Pulp and Paper Research In-

stitute of Canada.
New laboratories of the Pulp and
Paper Research Institute of
Canada Apr 72

Radio waves.
Quebec-Labrador tropospheric

scatter radio system, D. J. Mc-
Donald and C. E. Frost Apr 43

Railroads. Canada Dec 94
Railroads. Route location.
Photogrammetry in highways
and railways engineering,
J. M. Zarzycki Mar 62

Reliability and Quality Control,
6th Annual Symposium, 1960 Oct 128

Rlver engineering.
River engineering as a coUege
course for civil engineers,
T. Blench July 86

Rivers. Development.
A method of determining the
power potential of rivers with
many reservoirs and power
plants, G. Cavadias Oct 103

Rockets.
Soviet space rocket May 114
Rolling mills. Control
Magnetic amplifier control for
reversing hot mill auxiliaries,
R. L. Duke and L. R. Hulls July 89

Royai Canadian Engineer
Museum. July 107

Royai visil, 1959. Apr 104
St. Lawrence seaway and
power project Jan 69;

Feb 81; May 108; July 98.

Design and erection features of
the vertical lift bridges of the
St. Lawrence Seaway Authority,
W. G. H. Holt Aug 66

St. Lawrence seaway and power
development May 108

Scholarships and fellowships.
Canada. Nov 84

Scholarships and fellowships.
Commonwealth. Nov 89

Scholarships and fellowships.
France. Jan 74

Scientific manpower.
Scientific and technical
manpower Feb 85

Scientific personnel. Canada. June 93
Scientific research.
Research and science, J. R. Kohr. May 104
Sewage trealment.
Instrumentation.
Waterworks and sewage (Instru-
mentation in industry series) June 86

Sewage treatment. Plants.
The Humber sewage treatment

plant, R. L. Clark Sept 53
Sheet and strip metal.
The performance of galvanized

(1 oz./ít") and aluminized
(ARMCO Type 1) steel sheet in

various Canadian atmospheres
(Abstr), H. P. Goddard and
A. E. Ferguson June 88

Shipyards. Sweden Aug 96
Soil mechanics
Oil tank sites preloaded by well
point system, R. F. Scott Aug 79

Solar energy
United Nations: solar, wind and
geothermic energy May 113

South Saskatchewan River
project. Aug 92

Steam power plants. Nuclear
The design of a Daniels-Boyd
nuclear steam generator; a
400 mv. (net E) power plant,
W. Boyd and others Oct 111

Steam power plants.
Saskatchewan. Oct 123

Steel manufacture.
Instrumentation.

Foundries and steel making
(Instrumentation in industry
series) July 93

Sweden. Hydraulic turbines. Sept 110
Technical manpower.
Scientific and technical
manpower. Feb 85

Technical workers.
The role of the technical assistant

in industry, J. R. Houghton . . Feb 70
Telecommunications
Quebec-Labrador tropospheric

scatter radio system, D. J.
McDonald and C. E. Frost Apr 43

Telephone research
Some future developments in
the telephone industry, S. G.
Anderson Sept. 98

Television relay systems Sept 104
CBC television network program
delay centre, G. E. Waters July 63

Television studios
CBC studios 7 and 42—video and
audio facilities. N. R. Grover Sept 92

Textile industry. Instrumentation
Instrumentation in the textile
industry (Instrumentation in
industry series) Nov 81

Time and molion study
Measuring human motions for
designing machines, G. Nadler
and J. Goldman. June 60

Toronto. Sewage treatment
The Humber sewage treatment

plant, R. L. Clark Sept 53
Toronto. University.
3500 ton University of Toronto
building moved 250 ft., R. M.
Bremner June 66

Tunnels and iunneling
Deas Island Tunnel,
D. A. Young Apr 58

Deas Island Tunnel: construction
procedures, O. H. Bentzen Apr 68

Deas Island Tunnel: general lay-
out and structural design, T.
Broendum-Nielsen Apr 58

Deas Island Tunnel: hydraulic
design, H. R. Kivisild Apr 63

Deas Island Tunnel: introduction.
Per Hall Apr 58

Deas Island Tunnel: technical
installations. A. T. Jeffrey Apr 66

Underground construction and
operation

Design of a functional structure
in or on rock (incls. biblio-
graphy), A. V. Corlett and C. L.
Emery Apr 86

United Kingdom. Iron and steel
industry. Sept 109

United Kingdom. Scientific re-
search June 90

United Nations Sept 108
U.S.S.R. Rubber tires.
Manufacture. Automation. Sept 110

UNOPAR (Universal Operation
Performance Analyzer and
Recorder)

Measuring human motions for de-
signing machines, G. Nadler
and J. Goldman June 60

University news. Canada. July 100
University of New Brunswick. Sept 107
University of Toronto. Aug 95; Sept 107
Uranium. South Africa Oct 127

Vance, J. A. Dec 105

Vernon Narrows Bridge
Construction of foundations for
Vernon Narrows Bridge, R. J.

McTavish June 73
Water supply. índia
índia: water utilization May 113

Water supply tunnels
Head-loss coefficients for Niagara
water supply tunnels, J. B.
Bryce and R. A. Walker July 68

Water works engineering.
Instrumentation.

Waterworks and sewage
(Instrumentation in industry
series) June 86

Weights and measures
International yard and pound. . Feb 84
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