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Téserve of potential water power on the Winnipeg
iver within the province of Manitoba. The rapidity
With which the existing developments on the river
have been, and are being increased to their capacity, and

IT has long been recognized that there is an enormous

visable to commit itself with respect to any further de-
velopments on the river until it had first caused to be
made a complete survey and investigation of the whole
river, with a view to securing such information as would
enable the dictation of developments which would con-
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Fig. 1.—Existing Plants and Possible Sights Around Winnipeg.

;}ée active interest that has been taken in the undeveloped

Wer sites of the river, have compelled the Dominion
l.i"ef"“ment to give the water power resources on this
}'earscarerI and full consideration. Within tllxe last few
ety there have been presented to the Dominion Gov-
river?nt many applications for power prwxlege§ on this
Vario, s‘ﬂl(il’r}es have been proposed for the utlllzatlon‘ of
th us Portions of the natural fall, some contemplating

:irc Ombination of several falls by the concentration of

si eSpective drops at one power site, and others
ticy] Y Proposing the utilization of the drop at a par-
ing . 1all. These have been so varied and so conflict-

5 ’i and at the same time supported by such reputable
gneerlng advice, that the government found it inad-

template the maximum possible advantageous utilization
of the water power resources of the river. These investi-
gations were started early in the year 1911, under the
consulting advice of Mr. J. B. McRae, C.E., of Ottawa,
and the field work has proceeded vigorously to comple-
tion under charge of Mr. D. L. McLean. For the pur-
pose of this report for the Public Utilities Commission,
which had to be completed by December 15th, 1913,
plans based on this field work have been rushed to com-
pletion, and a preliminary provisional estimate made by
the engineers of the Water Power Branch, of the best
method of concentrating the various separate falls of the
river to enable all the natural fall to be utilized for power
purposes, and at the same time have each unit develop-
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ment a component part of the comprehensive scheme for
the whole river. These concentrations are indicated in
plan and profile on Figs. 1 and 2. A study of this pro-
file will illustrate the completeness with which the objects
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on the continent; it flows in a westerly direction con
necting the Lake of the Woods with Lake Winnipeg:
The basin drained comprises an immense area of some
55,000 sq. mi., lying at the westerly end of the Lauren-
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Fig. 2.—Profile, Wihnipeg River Survey, Showing Existing Developments and Power Sites.

of the investigation have been realized, and the full con-
servation of the power resources of the river provided for.

Description of River and Drainage Basin.—The
Winnipeg River is one of the most notable power rivers

tian Plateau. As is typical of Laurentian country, the
area is dotted with innumerable muskegs and lakes, the
latter varying in size from small ponds to the Lake of
the Woods with its area of 1,500 sq. mi. Certain gen-
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-eral characteristics apply to the drainage basin as a
Whole, since practically the entire area is of Laurentian
formation with an overlying soil of glacial origin. The
Country is rough and hilly with large areas of rock out-
€rop. This latter feature applies in the main throughout
the Winnipeg River, and lends itself to a characteristic
formation throughout the river channel, which is of ex-
Ceptional value in the interests of power development.

he larger proportion of the river bed in the province of

anitoba, consists of a series of deep cup-like basins,
forming small lake-like expanses with little or no cur-
rent. The river flow finds its way from these basins by
falls and rapids over the rock formation which is always
‘N evidence at the outlets, and which forms at once the
Means of egress from, and the controlling feature of, the

asin water level. These falls form the natural power
Sites along the river.
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and finally discharging into Rainy Lake. These upper
waters in the main constitute a portion of the Interna-
tional Boundary. Many streams heading in upper lakes
and muskegs also contribute to the flow from Rainy
Lake. This latter has a surface of 330 sq. mi., and a
drainage area of some 14,600 sq. mi. Rainy River, which
is the outlet, discharges into the Lake of the Woods.
From this latter lake to Lake Winnipeg, the river is
known as the Winnipeg. Forty miles down the river
from the Lake of the Woods, the flow of the English
River enters that of the Winnipeg. This tributary is of
almost as large dimensions as the river into which it
flows, as it drains an area of 22,000 sq. mi., while the
Winnipeg at the Lake of the Woods outlets, has a drain-
age area of 25,000 sq. mi. From the Lake of the Woods
to Lake Winnipeg, there is a total drop of 341 ft., and
of this a 7o-ft. drop takes place above and a 271-ft. drop
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A valuable timber growth including spruce, tama-
fack, birch and pine, occurs throughout the whole dis-
7Ict.  Lumbering is carried on extensively, and in addi-
tion, Pulp and paper industries have been established at
Ort Frances and Dryden. Notwithstanding the great
EXtent of rock outcrop, considerable area is available for
arming, thig applying more especially to the Whitemouth
and ainy River districts. While there are several
Prosperous towns such as Fort Frances, Rainy River
Nd Kenora in the basin, yet the greater portion of the
fOuntry has not been settled and is still in the state
ot natyre,

The upper watershed reaches to the height of land
Sepal‘ating the Atlantic drainage from that of Hudson
a4y into which the waters of the Winnipeg River eventu-
ily_ flow. North Lake, which is situated on the Inter-
iatlonal Boundary, some 45 miles west of Lake Superior,
f the headwater of the drainage basin. From North
ke the stream flows westward, passing through many
Smal] lakes, collecting the flow of numerous tributaries

below the junction with the English River. As this
junction occurs practically at the boundary between
Ontario and Manitoba, it follows that the combined flow
of the two rivers. and the greater drop as noted above
are available for power purposes in Manitoba. Of this
head a considerable portion is already being utilized by
existing developments on the river.

Flow Records.—Estimates of the daily flow of the
Winnipeg River have been compiled by the Manitoba
Hydrographic Survey, based on discharge measurements
secured by them, together with results of measurements
supplied by Col. Ruttan, D. A. Ross, and the City of
Winnipeg power engineers. These estimated discharges
are referred to the flow of the river at Point du Bois and
extend over a period of six years. For this period a
maximum flow of 53,400 sec.-ft. and a minimum flow of
11,700 sec.-ft. have been recorded. The high-water
marks along the shore Wwould indicate that floods of
100,000 sec.-ft. have occurred in the past. Such floods
must, however, take place at rare intervals.
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Storage on the Upper Waters—The question of
storage on the upper waters of the Winnipeg River is at
present somewhat involved, in that the regulation of the
Lake of the Woods has become an international question
and is now before the International Joint Commission.
Considering that the lake has a tributary drainage area
of 25,000 sq. mi., and a surface area of 1,500 sq. mi.,
offering unexcelled storage facilities, it is of vital im-
portance to the powers of the Winnipeg River, that stor-
age should be had on this lake. Partial regulation of the
drainage tributary to Rainy Lake is now controlled on
Rainy Lake by the dam of the Ontario and Minnesota
Power Company at Fort Frances.

s

Second of the Seven Sisters Falls Sites, Winnipeg River.

By the establishment of storage reservoirs on the
English River, the flow of the latter can be regulated;
and in conjunction with storage on the Lake of the
Woods drainage basin, practically a complete regulation
of the flow of the Winnipeg River in Manitoba can be
attained.

During the period of the last six years, over which
records of the flow of the Winnipeg River extend, a
minimum flow of 11,700 sec.-ft. has been recorded, as
stated above, while the maximum flow in the same period
is 53,400 sec.-ft., a range of only 1 to 4, which is illu-
strative of the extremely low fluctuation under practically
natural conditions. Yet, by an adequate system of stor-
age this flow can be so regulated that the minimum flow
will be increased from about 12,000 sec.-ft. to some
20,000 sec.-ft. In Fig. 3 is shown a mass curve of the
flow of the river at Point du Bois for the period from
January 23rd, 1906, to December 31st, 1912. For this
period a storage of 373 billion cu. ft. would have been
necessary for a complete regulation.

Existing Power Plants.—(a) Winnipeg Electric Rail-
way Co.—The Winnipeg Electric Railway Company’s de-
velopment is situated some sixty miles from Winnipeg
on the Pinawa or Lee Channel. This channel was not
the main river bed, but was an old high-water channel,
of some 25 miles length which has been improved and
is being ' further enlarged. The water for the plant
is turned into the Pinawa Channel by three diversion
dams, the main of which consists of 1,332 ftaiof
concrete capped rock fill across the main channel,
connected with the banks on either side by concrete spill-
ways bringing the total length to 1,650 feet. Two small
weirs of timber crib type span secondary channels. The
water thus diverted flows down the improved canal to a
central dam which is capable of shutting off the flow and
returning a portion or all of it to the main river over
the waste or diversion weir. From this point the water
flows through the tortuous bed of the old high-water
channel, the same having been deepened and partially
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strengthened by excavation. This waterway, while at
present capable of carrying in summer some 10,000 seC.
ft., is only able in winter, on account of the ice, to de-
liver about two-thirds of this amount. Below the power
house the tail-race has been improved by much dredging
and excavation. The power house is situated at a bend
in the river where a concrete dam with arched spillway
creates a thirty-nine-foot head. These headworks are
equipped with debris boom, ice-run, spillway, trash-ranks
and head gates. The electrical units of this plant consist
of five 1,000-kw. and four 2,000-kw. revolving field, 60-
cycle, two 300-volt, 3-phase generators, together with
two 125-kw., 125-volt d.c. exciters. The generators aré
capable of carrying a 50% overload, giving in all a total
output of 19,500 kw. or 26,140 h.p. While 19,500 kw-
are available at this plant for peak loads, an additional
9,000 can be obtained from an auxiliary steam turbine
station at Winnipeg operated by the company. The
electric energy is transmitted to the City of Winnipeg
at 60,000 volts over a 65-mi. transmission line.

(b) City of Winnipeg Municipal Plant.—The muni-
nipal power development of the City of Winnipeg is
situated some 77 mi. northeast from Winnipeg at Point
du Bois on the Winnipeg River. This plant consists
essentially of a large concrete power station, with retain-
ing walls and spillways, forming the forebay, the en-
trance to which is controlled by a stop-log sluiceway typeé
of headgate. Two concrete weirs or spill dams control
the elevation of the headwaters, and together with 2
rock-fill dam divert the water to the forebay for use at
the power house. '

This power concentration has created a head vary-
ing from 44 to 48 ft., with a pondage of 7 sq. mi. above
the plant. This pondage is a great asset during periods
of peak loads.

The development is designed for an ultimate installa-
tion of 16 units, each consisting of two-runner high

—
!
|
)

Main Drop of Second McArthur Falls, Winnipeg River:

specific speed turbines rated at 5,200 h.p. for 46-ft. head
and a 3-phase 3,000-kw. generator. The first installatio?
would give 48,000 kw., with turbines of a maximu®
capacity of 83,200 h.p. As each turbine unit requires
1,250 sec.-ft. under maximum output at a net head ©
45 ft. and running at 164 r.p.m., the total water requiré
would be 20,000 sec.-ft., plus the water for the two sma
extra units.

The present installation consists of 5 generators of
3,000 kw. each and two exciters of 250 kw. each, making
a total of 15,500 kw., and at maximum load require®
7,800 sec.-ft.

The electric energy is transmitted to the City of
Winnipeg at 66,000 volts over a #%7-mile transmissio
line, built on a municipally owned 100-ft. right-of wWay*
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The conductors are of aluminum, supported on steel
towers throughout. A duplicate line is now under
Consideration.

Basis of Discussion on Government Power Pro-
Posals.—The cost estimate for the government power
Proposals on the Winnipeg River refer in all cases to
_th_e.capital cost of installation and are based on both an
}mtlal_and final development. The initial development
Is desxgned to utilize at each site the present minimum
itOW of the river, i.e., 12,000 sec.-ft., or such porcion of
T 4S may be available at the particular site in question.

he final development is designed to utilize at each site,

Main Drop of Pine Falls, Winnipeg River.

:s"fngulated ﬁoYv of 20,000 seF.-ft., or such portion of it
Suﬂic?y be available at the site. After the diversion of
\plantlent water. in the Pmavya Cl?annel to operate the
. of the Wmmpeg‘Electrlc Railway Company under
Mal peak load conditions, there would remain for use
iy j_;’en Sisters in the main river about 4,000 an‘d. 12,000
¢ e. ri. under ut.lregulated. a{ld regulated condltlon§ (.>f
™ thyer respectively. It is important to note that it is
iSterlS !)a51s. tl.lat the available power at the Seven
S sites is discussed.
& ratIin Orderl that .the power sites could be comparec.l on
i gnal and eqult?ble !)asxs, all the layo.uts am'i flesxgns
consiq €eén standardized in so far as possible, giving full
thSice;atlon- to the varying .heads,. and to the local
4 a condltl?ns at ea?h individual site. No allowance
. €en made in the est.xmate for transmission, the costs
Oar% In all cases the capital cost for power on the switch-
ay Str:‘l t}ile power house, and the power pemg considered
the g, v:’g t Zf}-hour power at 75% eﬂ?cxency,_ based on
MiSsion - This forms a very conservatlve: basis. Tr:an§-
impossibICOStS are omitted from th:e estimates as it is
Varioy, € to foretell the use to which the power at the
st"aight Sites may be app]l.ed when develope.d, ar}d a
o comparison of .the sites as thfzy stand is desired.
fina resfs_ given herewith may be slightly altered upon
Vision.
With I"a all cases the dams are designed in solid concrete,
flog, s tmple dls.cl.largmg capacity to pass the severest
deVelo 0 be anticipated. The power stations have been
Ped on single-runner vertical turbine installations,

Varje 2
d for the different heads and to meet local conditions.

< ru:llontinuous Pro.ﬁle of the river to sea level datum
&roun wat the begmn‘mg of the field work, and forms the
ecognit?rk upon which the whole survey was developed.
Bive, . l(;)n of 'tlze f1.1ture needs of navigation has been
mfnodn , Provision in the permanent work for thfa ac-
at g ation, if _necessary, of future lockage facilities
' d different sites has been made.
®vernment Power Proposals.—(a) Slave Falls Site.
€ Proposed development at Slave Falls concentrates
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a head of 26 ft. formed by the combination of the Slave
and Eight Foot Falls. The dam runs along the crest of
the falls and curving downstream through an arc of
about 9o°, connects with the power station on the right
bank of the river. Provision has been made for the
future installation:of a lock on the left bank.

The head and tail water elevations as at present pro-
posed, are 928 and goz respectively. The initial instal-
lation on which the estimate is made provides for eight
5,000-h.p. turbines, sufficient to provide for a flow of
12,000 sec.-ft. at 8/10 gate, with a spare machine for
emergencies. On a 757% efficiency, 24-hour basis, 26,600
h.p. will be available at a capital cost of $93.45 per h.p.
at the switchboard. The final installation provides thir-
teen 5,000-h.p. turbines, sufficient for a flow of 20,000
sec.-ft. at 8/10 gate with a spare machine. On a 75%
efficiency, 24-hour basis, 44,400 h.p. will be available at
a cost of $83.30 per h.p. at the switchboard.

(b) Seven Sisters Sites.—No detail work has as yet
been possible covering the best method of development
of this reach of the river. However, it is considered that
it can ultimately be developed at two sites of about 34
and 37 ft. head respectively. After providing sufficient
water for the plant of the Winnipeg Electric Railway
Company on the Pinawa Channel, it is doubtful whether
any development of the Seven Sisters Falls will be feasible
until the flow of the river can be regulated to at least
20,000 sec.-ft., by means of storage in the upper waters.
The power available at the 34-ft. site, under unregulated
conditions, is about 11,600 h.p. and under regulated con-
ditions, 34,800 h.p. Similarly the 37-ft. site will render
available 12,600 h.p. and 30,700 h.p. respectively.

(c) McArthur Site.—At the lower of the two McArthur
Falls, a head of 18 ft. awaits development. The river is
here divided into two channels by a large island. The

Silver Falls, Winnipeg River.

general layout consists of a solid concrete spillway along
the crest of the fall on the right or main channel, and a
long spillway and embankment, including sluiceway pro-
vision, running diagonally across the island, and connect-
ing with the power station spanning the left channel.
Provision is made on the island for the future construc-
tion of a lock.

The head water elevation is at present fixed at 827,

i.e., about one foot above the recorded highest water

level of Lac du Bonnet. The tail-water is proposed at
809, giving a head of 18 ft.

The initial installation provides for eleven 2,500-h.p.
turbines, sufficient to provide for 12,000 sec.-ft. at 8/10
gate, with a spare machine for emergency. On a 5%
efficiency, 24-hr. basis, 18,400 h.p. will be available at a

“capital cost of $123 per h.p. at the switchboard. The
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final installation provides for seventeen 2,500-h.p. units
on a basis of a 20,000 sec.-ft. flow, and 757 efficiency,
24-hr. power, i.e., of 30,700 h.p. The cost per h.p. on
the switchboard is $97.50. This site can be given a
much more favorable aspect, when the local storage

available in Lac du Bonnet (whose 32 square miles form

the head-waters) is taken into consideration.

(d) Du Bonnet Site.—The proposed scheme of de-
velopment at the Du Bonnet Falls will ultimately con-
centrate there a head of 56 ft., made up of the Grand
and Little du Bonnet Falls, and the Whitemud Falls.
The latter will be added by blasting out the rock bridge
over which the present fall takes place. The dam, con-
sisting of embankment, spillway and sluiceway sections,
leaves the left bank and crosses the river on the brink of
the Little du Bonnet Falls, connecting with the power

Volume 26.
)

sec.-ft. at g6-ft. head, the extra 10 ft. being secured by
the removal of the Whitemud Falls. On the same basis
as set out above, 95,500 24-hr. h.p. will be available at
a cost of $70.70 per h.p. on the switchboard.

(e) Pine Falls Site.—The Pine Falls development
will concentrate the natural drop of the Pine and Silver
Falls, giving a head of 37 ft. The dam runs diagonally
across the river from the right bank, and joins directly to
the power station, which forms a continuation of the
dam. The power station is connected with the high
ground on the left bank, by sluices and embankment.
Provision is made for lockage facilities on this bank.

The head- and tail-water elevations have been placed
at 750 and 713 respectively. As the tail-water is prac-
tically Lake Winnipeg level, it will vary from year to
year with the level of the lake. The installation in the

Diagrams Showing the Developed and Undeveloped Powers at the Various Sites on the Winnipeg River.
(Undeveloped Sites Considered at 757 Efficiency with 24-hour Power.)
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Fig. 5.—Based on the Unregulated Flow of 12,000 Sec.-it. Fig. 6.—Based on a Regulated Flow of 20,000 Sec.-ft.

station which parallels the right shore line below the -

pitch. Ice sluices and embankment connect the power
station with the high land on the right bank. Provision
is made for future lockage facilities on this bank.

The head-water elevation has been fixed at 808, with
the tail-water at 762 previous to the blasting out of the
Whitemud Falls, and 752 subsequent thereto. This
secures a head of 46 ft. for the preliminary, and 56 ft.
for the final installation.

The initial installation is figured on seven 10,000-
h.p. turbine units, utilizing 12,000 sec.-ft. at 8/10 gate
and 46-ft. head. This, on the same basis as set out
above, will render available 47,100 h.p. at a capital cost
of $79.40 per h.p. at the switchboard. An intermediate
installation, comprising 12 units and providing capacity
for 20,000 sec.-ft. at 46-ft. head, and producing 78,700
h.p., has also been estimated. The cost of the power at
the switchboard for this intermediate installation is
$68.90 per h.p. The final installation consists of four-
teen 10,000-h.p. units, for the development of 20,000

power station has not been finally determined, but the
following estimates of the capital cost of the power aré
considered to be fairly close. The initial installation will
provide for the development of 12,000 sec.-ft. at 37-ft:
head, i.e., 37,900 h.p. on the 75% efficiency, 24-hr. basis
at a cost of $80.30 per h.p. on the switchboard. The
final installation provides for 20,000 sec.-ft., and renders
available, on the above basis, 63,100 h.p. at a cost ©
$70.70 per h.p. on the switchboard.

Summary of the Power Possibilities of the Winnipe$
River.—Fig. 4 is a tabulation of the powers, developed
and undeveloped, of the Winnipeg River, under regulate!
and unregulated conditions. The undeveloped power 15
considered on a 75% efficiency, 24-hr. basis, and theé
capital cost per h.p. is given in terms of this power, est” .
mated to the switchboard in the power house.

Attention is called to the circular diagrams on Fig5: -
5 and 6 as illustrating, in a graphical manner, the de-
veloped and undeveloped power conditions along the
river under unregulated and regulated river flow.
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P Future Economic Value of the Winnipeg River
OWers.—With regard to the future economic value of
the powers of the Winnipeg River, a report was
Made to the Department of the Interior in Sep-
tember, 1911, by Mr. J. R. Freeman, one of the consult-
Mg engineers retained by the Department for advice in

?ﬂnection with water power matters. Mr. Freeman
ays :—

“Economy and Conservation.—While water power
%Pportunities on the Winnipeg River may have a very
0?:1"_ years ago appeared so far beyond possible use that
; “hary economics were unnecessary, it is, I believe,
pagn. to-day beyond serious question that all of the re-
:;i"mng opportunities for power should be c'a‘refully con-
notVEd and_ only developed under such conditions as will

. N€Cessitate any great waste or the impairment of re-

mammg opportunities.

e ——

S ;
ec"“d_ Pitch of Grand du Bonnet Falls, Winnipeg River.

been“sundry remarkable electro-chemical processes have
futyr Very recently mv_ented, which promise to be of great
e f:r bene’ﬁt to.agrlcultu.re and other arts. Fertilizer
tricit rPers use is now being succes§fully made by elec-
We}:- rom the nitrogen of the air, and great water
p‘ll‘poSs in Norvx.rz}y are now being de:veloped for these
Veoes In addition to those already in use, and recent
not ¢ Pments have also been made of similar processes
ar from the southern boundary of Canada.

‘¢

Falls The great uses of hydro-elef:tric power at Niagara
o 3nd. at .the Sault, for making aluminum, carbide
ang EES llghtlng,. bleaching powders, and caustic soda
i ndry other 1mportant'products, were unknown only
of the Ylears ago. 'Indeed, it may be said that every one
Fallg he ectro-ct]emlcal processes now located at Niagara
electricas been invented since the first of the large hydro-
0 sa Power stations was built at that point. It is idle
. >4y that the era of important electro-chemical inven-
"esti;;tyet more than begun ar.ld with the many .able in-
5 ofo:S now earnestly wor.k.mg on .these l'mes in many
Merciy| dhe world, great addltlorlal (EllSCOVCI‘leS and com-
B evelopments in the apphca.txon of ?heap electric
or t, re alrpost sure to come, particularly in metallurgy
€ reduction of ores.

L3

City :;he _Wipnipeg Market Now Fully Supplied.—The
Neeqs 1 Wmm.peg w.ill soon have all the power that it
able mor public service corporation and for any conceiv-
th o at}ufacturmg purposes likely to locate in or near
Tajly, Vv for perhaps a score of years to come, from the
Undepgy, . omPany’s plant already in use and to-day
ang i to be dehvc_:r.mg about 22,000 horse-power
3 Poing dthe new municipal hydro-electric power plant

u Bois, now nearing completion, with a first
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installation of 26,000 horse-power and with works plan-
ned to be extended to more than three times that capacity.

‘‘Thus these two plants will be capable of delivering
to Winnipeg more than 100,000 h.p. of 24-hour electrical
energy, a quantity which can be best appreciated by a
statement that it is far greater than the total water power
at Lowell, Lawrence, Manchester and Holyoke combined.

‘A Possible Field for Use.—The best use that I can
foresee for the vast water powers now remaining un-
touched upon the Winnipeg River is as the basis for
founding three or four new industrial cities based upon
electro-chemical industry, very much as water power was
the basis for creating, years ago, the cities of Lowell,
Lawrence, Manchester, Holyoke, Bellowa Falls, and as
in recent years it has brought together hundreds of new
homes at Niagara Falls, Shawinigan Falls and at the
Sault.

““We cannot to-day say what the line of manufacture
may be, for the electro-chemical arts are still in a state
of ferment and creation. It has already been demon-
strated that by electric smelting, steel for the manufac-
ture of tools can be made having a quality and value
difficult to obtain otherwise. Fertilizer in the form of
artificial saltpetre is being produced commercially in
large quantities under German processes, while carbide,
carborundum, aluminum and numerous other useful pro-
ducts are being made by electro-chemical means in great
quantity at Niagara and elsewhere, and sooner or later
the time will come when fertilizer will not be scorned by
the farmers of the Canadian Northwest. There is pro-
mise of new metallurgical processes for which cheap
electricity is a necessity and the price per pound of
several of these products is such that they could stand a
considerable cost of freighting to their markets and such
that a power capable of being developed in so vast
quantity at one point and at so low a cost per horse-
power as appears practicable at three of the sites along
the Winnipeg River, will surely be very attractive.

‘‘These New Industries Must Locate Close to the
Water Fall.—These electro-chemical processes, when
carried on in the large commercial way, demand that the
work be done close to the point where the power is gen-
erated, for two reasons: First, because although the air-
saltpetre process uses alternating current at low voltage
which cannot be transmitted to great distance with any-
thing like the facility of alternating current; and second,
because in order to attract these processes it is necessary
that the cost per horse-power be the very lowest and not
overloaded by the cost of long transmission lines or the
percentage of power necessarily lost in such transmission.

‘““Wherever a new industrial centre with some
hundred of homes can be established in the wilderness
within a hundred miles of Winnipeg, it will add to Winni-
peg’s prosperity in a degree but little less than if located
within its borders and will add to the prosperity of
the province by the new opportunities that it brings for

employment, the diversity that it adds to its business in--

terests and by the money that it will put into circulation.
It is plain that many of the recent power developments
made in various parts of America, from which the power
is transmitted long distances, to displace steam power
in populous centres results in putting a much larger num-
ber of men out of work than it sets at work. Such a
development is of less benefit to the country than the
early water power developments which were used locally
in erecting the cities already named, in building hundreds
of new homes and in setting thousands of men working
at new opportunities.’’




308 THE CANADIAN ENGINEER

THE SIEVING OF CEMENT.

r I_"HE determination of the degree of fineness of a
sample of cement, usually a part of the specifica-
tion and contract upon which the material is pur-
chased, is an operation where accuracy of the

results is often in dispute. The U.S. Bureau of Standards
has recently carried out tests to ascertain what order of
discrepancy may be expected when made by the standard
routine method of sieving. A paper by Rudolph J. Wig
and J. C. Pearson, just published by the Bureau, gives
the following conclusions as conservacive estimates de-
duced from the results of these tests:

1. Employing the present standard method of siev-
ing, the greatest attainable accuracy in single fineness
determinations of normal Portland cement on a standard
No. 200 sieve, that is, the greatest attainable accuracy
in checking uniformity of samples, is about 0.2 per cent.

2. ““Standard’’ No. 200 sieves may differ in their
sieving values by considerable amounts, such that their
corrections to the ideal No. 200 sieve may be at least as
great as o.7 per cent.

3. Errors of at least o.5 per cent. may be looked for
in single fineness determinations of normal cements on
a standard No. 200 sieve when made in the usual routine
manner.

4. Deviations exist in the sieving values of
‘“‘standard’’ No. 100 sieves, of a magnitude, roughly,
one-half the corresponding values for No. 200 sieves as
given above.

5. ‘‘Personal equation’’ appears to be appreciable in
hand sieving, as in most laboratory operations, the ob-
served values being as great as o.3 per cent.

6. The rating of a sieve by some system of demerits
assigned from direct measurements appears to be an in-
teresting possibility, and worthy of further study. Should
a system be worked out to give reliable indications, say,
within 0.2 per cent. or 0.3 per cent. of the observed
sieving value of a sieve, it will add greatly to the value
of the certificate now furnished with standard sieves.

It seems evident that both sieving tests and the in-
terpretation of measurements on sieves are subject to
considerable discrepancies, and the question arises as to
whether some other more reliable method of determining
fineness can not be made available. The sieve at best is
a measure of the coarseness of finely ground material
rather than the fineness, and experiments now in progress
at the Bureau of Standards indicate that air separation
will offer a more satisfactory means of determining fine-
ness than mechanical sieving.

It may be stated that a tolerance of 1 per cent. from
the specification should be allowed with the No. 200
sieve and o.5 per cent. from the specification with the
No. 100 sieve, every care being taken to conduct the test
in strict accordance with standard methods. These
tolerances should be considered as minimum values since
they are based upon the results obtained by careful and
experienced observers; therefore it should be emphasized
that greater differences are possible in ordinary routine
testing.

Scope of the Tests.—Discrepancies in determinations
of fineness may be attributed to: (a) Differences in the
standard sieves; (b) the ‘‘personal equation” of the ob-
server; (c) lack of uniformity in the samples; (d) the
residual differences when the three foregoing sources of
error are, as far as possible, eliminated.
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Considering the last mentioned first, it is evident
that the experienced and careful worker, using a high-
grade sieve and sieving samples of a well-dried and
thoroughly mixed cement according to a fixed program,
can by repeated trials determine a maximum limit of
tolerance for residual differences. When this has been
established, the same observer is in a position to check
uniformity of samples of other cements—that is, he may
check their uniformity only with an accuracy not greater
than his own maximum limit of tolerance. There is at
present, so far as we know, no simpler method of detect-
ing lack of uniformity in finely ground material.

Following the results reported below, an attempt has
been made to establish:—

1. What variations in fineness determinations are
permissible under the most favorable conditions.

2. What variations may arise from differences in the
‘“‘standard’’ sieves themselves.

3. What error may be looked for in a single fineness

. determination on a standard sieve as performed by an

ordinary laboratory worker of average experience.
4. Whether variations from the standard method of
sieving are appreciable. )
5. Whether ‘‘personal equation’ is appreciable 17
the limited number of tests made.

6. Whether an arbitrary system of ‘‘demerits’ de-
termined from careful measurements of a sieve is a ré-
liable indication of its sieving value.

Features of the Tests.—The tests were made on 2
lot of sieves submitted for the purpose by two well-know?n
firms. Four men made independent determinations O
fineness on 24 of the sieves, while two men made the
majority of determinations on the remaining sieves. The
cement used was a good brand of normal grade Portland,
which was first thoroughly dried, screened througf{ a
No. 20 sieve, and finally mixed by long-continued rolling
on a large sheet of stout manilla wrapping paper. The
determinations were made according to the standard
method of sieving described in the United States Govern-
ment Specification for Portland Cement, as follows:

The determination of fineness should be made on 2
so-gram sample, which may be dried. at a temperature ©
100° C. (212° F.) prior to sifting. The coarsely screen€
sample (cement is ordinarily screened through a No. 29
sieve before mixing for routine tests) should be weighed
and placed on the No. 200 sieve, which, with the pan an
cover attached, should be held in one hand in a slightly
inclined position and moved forward and backward in Ehe
plane of inclination, at the same time striking the side
gently about two hundred times per minute against fhe
palm of the other hand on the upstroke. The operatio?
is to be continued until not more than o.05 grams W!
pass through in one minute.

While the experienced worker always develops som€
peculiarity in his method of sifting, which contributes ¥
or determines his ‘‘perscnal equation,’”’ undoubtedly .tl'fe
chief factor to be guarded against is carelessness. ;
factor may explain to some extent the rather wide varid”
tions observed, but it may be safely assumed that th
sum total of carelessness on the part of those who pa’”
ticipated in the tests is less, rather than greater, th”f‘:
that made in normal routine work, and it is believed th2
the average results represent what may be expected fro
experienced routine workers in similar laboratories.

In the following tables the observers are desigtlated
by letters and the sieves by numbers :

—
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Table I.—Results of Sieving Tests Made by Four
Observers on 12 Standard No. 200 Sieves.

Max.
Sieve, Observers. Average. var.
from
A B C D E average

o 80.30 79.72 80.40 80.24 ..... 80.16 0.44

S 70.88 80.66 80.20 80.46 ..... 80.30 .42

B 79:78 8044 . 80.44 ' ..... 80.51 80.32 .54

80.44

25 AL 80.62 80.00 80.44 80.76 ..... 80.46 .46

DR 80.50+ 80721\ 80,18 180,56 % viikie.  BOAQ WIAT

B1 o 80.24 80.84 80.66 80.36 ..... 80.52 .32

5 SR 80.40 80.57 80.44 80.80 ..... 80.55 .25

.. . 80:30/1280.82 1 80.26 1'8r.a4 . ia . 118063 BT

S P 80.34 8o.go. 80.72 K 81.04 ..... 80.75 .4%

o A 80,56, .80:76+ : 8090 - 81.50' 7s.ii | 80ig3k 57

L R 80.42 80.40 81.36 81.60 ..... 80.04 .66

L 81.04 .81.00" . 80i76. “81.34" ... 8103 .31

Average. 80.36 80.57 '80.55 80.89 ..... 80.50 .43
€rsonal

€quation. +.23 +.02 +.04 —.29

{
Table 11.—_Results of Sieving Tests Made by One Ob-
server on One Standard Sieve Using Five
Different Methods.

i« 2 4 5
(200 (250 (150 (Single (6 steel
Trial strokes) strokes) strokes) washer) balls)
U b TR 80.30 80.06 8o0.44 7%79.76 80.36
“ o . 80.44 80.08 80.36 %9.46 %79.98
U g SR, 80.16 80.02 80.24 80.08 80.18

Average.... 80.30 80.05 80.35 79.77 8o.17

. Table 1. shows the results obtained by four observars
3ISIng the same cement on 12 standard No. 200 sieves.
,he figures are percentages of total cement passing the
Sleves,

An approximate value of the range that may be ex-
Pected due to differences in the sieves may be obtained
'Om the averages for each sieve, which are taken as the
Most probable sieving values. The highest is seen to be
1.03 per cent., the lowest 80.16 per cent., range 0.87
Per cent. A ““standard’’ sieve according to these results,
May therefore differ from the mean value of a number
ot good sieves by nearly o.5 per cent. It is to be borne
N ming, however, that the mean value of a number of
800d sieves will generally be greater than the amount
ﬁas.sed by an ideal No. 200 sieve, since the prescribed
'Mits of tolerance .allow greater latitude below 200
Meshes than above. Thus, careful measurements of
lcloth on sieve No. 1 showed this to be the nearest .of the
- to the ideal No. 200 sieve, and repeated fineness de-
ffMinations with this sieve showed that its most
?srobable sieving value was about 80.30 per cent., which
3110'3 pe.r cent. less than the observed average value fo’x"
sio. the sieves. It follows, therefore, that a ‘‘standard

V€ may have a true correction to the ideal sieve of as
Much a5 0.7 per cent.

8 The last column of Table I. shows tl:!at .the error to
o' Ooked for in a single fineness dete.rmma.tlon is likely
o e at. least o.5 Eer.c'ent., a figure which will, of course,
thry With the reliability of the observer. A search

Ough Table I, however, will show that all the observers
mVe missed the average value on one or more sieves by

Ore than o.4 per cent.
ma rough.ly approximate value of personal e'qua.tion
mag be obtained by averaging all the determinations
val € by each observer and comparing this with the mean

Y€ of all observers. The values are given in the last
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line of Table I. The number of observers is too small
to establish this factor with any certainty, but for ob-
servers A and D, whose averages show appreciable de-
viations from the others, it may be noted that 8 times
out of 12 A’s value is less than the mean value for the
sieves, and 8 times out of 12 D’s value is greater than
the mean value for the sieves.

Table 2 represents the results obtained by a single
observer on sieve No. 1, using five slightly varying
methods of sieving, each method being given three care-
ful trials. These methods include the deviations from the
standard method of sieving which are sometimes per-
mitted in fineness determinations. Col. 1 contains the
results obtained by moving the sieve back and forth 200
times per minute, that is, according to the standard
specifications.  Col. 2 contains the results obtained from
sieving at the rate of 250 strokes per minute, this rate
requiring, of course, short quick strokes. Similarly Col.
3 contains the results obtained by sieving at the rate of
150 strokes per min., the strokes being relatively long
and slow. Col. 4 contains the results obtained by sieving
according to standard specifications, using, however, a
single brass washer about 3/ in. in diam. to aid in break-
ing up the small lumps of fine material. Col. 5 shows
the effect of using six 3/16-in. steel balls in place of the
washer.

While the determinations are too few in number to
show decided differences, the order in which the results
actually occur is interesting. From the lowest to the
highest amounts passing the sieve, the order is as
follows :—

1. Sieving with a washer on the sieve.

2. Sieving with steel balls on the sieve.

3. Sieving at 250 strokes per min.

4. Sieving at 200 strokes per min.

5. Sieving at 150 strokes per min.

Thus the trials indicate that the simplest and easiest
method—that is, sieving at the moderate rate of about
150 strokes per minute—gives the maximum percentage
of cement passing the sieve. The somewhat erratic re-
sults obtained by the use of the washer and the balls,
which might have been anticipated to give the highest
values, are seen to be the lowest: and the variations are
to be accounted for by the uncertainty of the stopping
point. The use of washer and balls seems to increase
the irregularity of the amounts obtained in successive

~ minutes toward the end of the sieving, so that one may

naturally stop somewhat earlier than he would if the
amounts were decreasing regularly. It is evident, of
course, that for every minute over or under sieving, the
error introduced is approximately o.1 per cent. On this
basis the maximum limit of tolerance for the best work
can hardly be less than o.2 per cent., since the most
careful observer may readily be one minute short or one
minute over.

The fact that appreciably more cement passes the
sieve at 150 strokes per minute than at 250 strokes per

minute is no doubt due to the more rapid horizontal mo--

tion of the sieve in the latter case, whereby particles just
under the smallest size retained have less opportunity to
fall through the sieve openings than when the sieve is
moving at the slower rate.

In all sieving tests it is tacitly assumed that the
specifications need not be closely followed until the
greater part of the fine material has already been sieved

through, that is, the final result is assumed to be inde- -

pendent of the manner in which the first part of the siev-
ing has been performed. This is no doubt justified in
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hand sieving when no washers or balls are used to hasten

‘the process, but one may well question the assumption

when vigorous methods are used, as in most routine
work. In all trials reported in Table 2, the specifications
were followed throughout the entire time of sieving.

It may, of course, be possible to form an estimate
of the relative sieving value of a sieve from the direct
measurements made upon it of the number and diameters
of the warp and shoot wires, and the uniformity of spac-
ing of the wires. The establishment, however, of a hard
and fast demerit system for calculating the sieving value
involves much guesswork, and the attempts thus far
made at the Bureau of Standards to devise such a system
have been only partially successful. It is not, therefore,
worth while to go into the details of the manner in which
the demerits have been assigned other than to state that
consideration was given to all factors which affect the
variations in size and distribution of the openings.

Table III.—Relation Between Value of Sieves as Actually
Tested and Estimated Value Based on Sieve

Measurements.
Sieve Sieve
Sieve. value. Demerits. Sieve. value. Demerits.
T e 80:16 — 408 Zone Ei80. 50 — 548
2t 80.30 + 1312 bl 86.63 —1386
Gt 80.32 + 1304 Qs topel 9 8075 — 188
7.1 80.46 —-23673 10 «sl] £80503 —1573
Biess 8o.49 —1101 IT. ... '80i04 —2340
6% 8o.52 —I150 X253 81503 —3135

Table III. gives the average sieving values of the
sieves listed in Table I., together with their demerits
arbitrarily assigned from analysis of direct cloth measure-
ments on the sieves.

Table IV.—Results of Sieving Tests Made by Four
Observers on 12 Standard No. 100 Sieves.

F Max.
Sieve, Observers. Average var.
D E: from
average.
I e 06.28 06.48 06.44 06.64 ..... 06.46 0.18
R LA AR T 06.24 96.50 06.58 96.70 ..... 96.50 .26
B e 06,22 06.48 06.44 ..... 06.86 9of.50 .36
AN s 06.46 06.50 06.42 96.70 ..... 06.52 .18
{1 i b Y 06.32 06.58 06.48 06.72 06:52 .. .20
O 96.30 06.74 06.50 06.68 ..... 06.56 .26
ST M 06.52 06.68 06.52 06.44 96.74 06.58 .14
B 2 B 06.48 096.56 06.58 06.74 .... 9g6.50 .13
Gl Gl g 06.54 06.60 96.56 06.66 ..... 96.50, " .07
IO 06.54 06.48 06.42 96.90 ..... 06.50 .31
G o 96.64 06.64 06.72 96.64 ..... 06.66 .06
R 06.50 06.68 06.68 96.96 0b:7a. fios
Average.. ¢6.43 06.58. 96.53 06.71 ..... 06.56 .20
Personal
equation .. +.13 —.02 +.03 —.1§

Table IV. is similar to Table I., containing the re-
sults obtained by four observers using 12 ‘‘standard’’
No. 100 sieves. The same method of examination. en-
ables us to state that a single determination of fineness
on the No. 100 sieve is likely to be at least 0.2 of 1 per
cent. in error. This value is, of course, less than the
corresponding value for the No. 200 sieve, owing to the
smaller quantity of material of this grade, which there-
fore gives a more definite stopping point in the sieving.
Similarly, the range of differences that may be expected
between standard sieves is less than that for the No. 200
sieves, being in this case from 96.46 per cent. to 96.73
per cent., of o.27 per cent. The maximum correction of
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a ‘‘standard’ No. 100 sieve to the ideal No. 100 sieve
therefore appears to be of the order of o.2 per cent.

A striking agreement is also noted between the *‘per-
sonal equations’’ as given in Tables I. and IV., the
operators being the same in each case.

—  eca>o————

SUPPORTING TRACKS DURING CONSTRUCTION
WORK.

The bearing on the total cost of work which is had
by the design and construction of temporary structures
supporting railway tracks under traffic, while work pro-
ceeds underneath—for instance, in the building of street
or highway undercrossings—was shown at the recent
convention of the American Railway Bridge and Build-
ing Association. Work was described at various points
on the lines of the Lake Shore and Michigan Southern
Railway, where three systems of support were succes-
sively required as the work proceeded.

At Sandusky, Ohio, a street crossing seven tracks
at grade was to be carried under without altering the
track profile. The solid rock surface was about halfway
down and above this were boulders and hardpan. Pile
bents were built, the piles being driven to a stop. In
the floor system supporting the 'tracks were incorporated
two sets of stringers, one spanning from bent to bent
and the other balanced on the bents. As the excavation
proceeded ridges were left to protect the piles, the inter-
vening spaces being taken out to solid rock. Some of
the piles were found broken, and in such cases short
posts on sills were pushed in to replace them. When the
rock surface between bents had been reached frame bents
were erected in the middle of the spaces, catching thz
ends of the secondary system of stringers, which, like
the primary system, were designed to carry the full load.
The pile bents were then removed, except the caps, which
were left bolted to the stringers; then the remainder of
the loose material was cleaned away and trenches cut
to the full depth required for the excavation, the trenches
being directly in the line of the original pile bents and
the whole system being so spaced as to avoid the per-
manent abutments and the intermediate piers. New
frame bents were then constructed in the trenches and
the load transferred to them, after which the bents on
the higher level were in turn remeoved.

A somewhat different treatment was required at
Cleveland, where a street crossed six tracks at grade on
a sharp skew. There, as at Sandusky, it was proposed
to cut the street under without changing the track pro-
file, but the rock surface was only about 4 ft. below sub-
grade. Of the four main tracks the two inferior ones
were temporarily put out of service and the soil under-
neath excavated to rock. Two sets of stringers were
used as at Sandusky, the secondary set, however, being
placed on top of instead of alongside the primary set.
The stringer system thus filled most of the space between -
subgrade and rock, and the first system of supports con-
sisted of sills and blocks spaced 20 ft. apart. Afterwards
the procedure was similar to that at Sanduskv, the second
set of bents being carried in trenches about halfway down
and the third set resting on the bottom of the finished
excavation.

—_——-> > ————

The cost of the Panama Canal to May 30, 1913, was
$205,587,418.41. For the sanitation of the Canal Zone $16,
132,056 was expended.
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EXPERIMENTS IN PRE-HEATING CLAYS.

Mines, Canada, Dr. Heinrich Reis and Mr. Joseph
Keele have submitted Part II. of their report on the
clay and shale deposits of the Western Provinces.
€ Io8-page hook is well illustrated, and has an
abundance of new data concerning the properties and
:}};aracteristics of the formations to be found throughout
e West. One chapter, by Mr. Keele, deals entirely
With experiments in pre-heating clays, from which we
Make the following extracts :—

IN Memoir No. 25, Geological Survey, Department of

; Among 120 samples of clay and shales collected
during the seasons of 1910-11 in the Great Plains region,
28. of them, or about 23%, cracked in air drying after
.ong moulded. These defective clays occur principally
In the Belly River and Edmonton formations, and in the
UPPer part of the Cretaceous, but some of the Laramie

clays have the same fault.

They are frequently found in localities well situated
for transportation ; they are easily worked, and occur in
eg"eat abundance. They would, therefore, be of great
€Onomic importance if they could be utilized, as many
Of them will make fireproofing, and some even can, we
dehe"e, be manufactured into sewer-pipe if their ten-

€Ncy to crack while drying can be overcome.

¢ Several beds of these clays and shales could be manu-
.ac'lllr_ed into facing bricks by the dry-press method, but
;ttrls Impossible to use them for the many important

UCtural wares which involve the use of the wet-moulded
Processes,

- During the progress of the laboratory work on the
‘:mples of these clays collected in the field, the writer
as confronted with the difficulty of preparing test pieces
om them. for the purpose of observing their behavior
ender fire. The clays absorbed a great deal of water in
wmpermg, afterwards forming a stiff pasty mass which
b;S tough and sticky and hard to work. Shortly after
mg.set to dry the moulded shapes cracked, even small
€St pieces splitting badly in the ordinary laboratory tem-
g:rature. The surface of a full-sized brick readily be-
w}?’e dry, and developed a perfect network of cracks,
ich deepened and widened as drying progressed, while
Sll?) ltnSIde rem.ained moist for several days. The use of
Curs ances which would coagulate the clay was trled.to
Were this cracking, being careful to use materials which
Were cheap and readily available, so that if the remedy
© Successful it could be used on a commercial scale.
iy € various acids and alkalis tried, common salt to the
resullfgnt of 1% added to the clay seemed to give the best
Whil S. The salt kept the surface of the bricklets moist
¢ the water was working its way out of the body.

Wou Sun-sized bricks made from some clays thus treated
7o dry safely in the ordinary room temperature, but
Stang clays would not, and few qf the salted clays would
Stick; even moderate-ly fast drying. Furthermore, the
ame“neSS and soap-like qualities of the clays were not

Orated to any appreciable extent by the mixture.

of n;rhe next method which suggests itself was the use
gr unr(‘i‘Plastlc materials like sand or grog. River sand,
ese Juartz, and calcined clay were successively used.
to 5067 Were added to the clays in varying amounts up
altho?le mixtures with sand failed in every respect, and
insty the grogged clay could be safely dried in some
qualit'ces’ and burned to a good body, the bad-working
€S of the raw clay were still in evidence.
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Professor Orton,* who was experimenting on some’

clays of the Edmonton series at the same time as the
writer, was unsuccessful in overcoming their drying de-
fects by the use of either chemical coagulants, or ad-
ditions of non-plastic materials. There remained then
the method described by Professor A. V. Bleininger for
treating clays that cracked in drying, by pre-heating
them at various temperatures.

Pre-heating experiments were done on several of our
clays, and the results arrived at seem to prove that this
is the best method so far, for dealing with the difficulty.
The data for six samples of clay from localities widely
apart are here given. Clays of these types may be ex-
pected to recur frequently in other localities throughout
the region we are dealing with. Numbers 1644 and 1755
are used for making dry-pressed bricks, but the other
samples are from unused deposits.

1644—Dark grey massive clay, underlying a lignite
seam, Estevan, Sask.

1755—Light grey massive clay, Coleridge, Alta.

1765—Dark grey soft shale, underlying a lignite
seam, Tofield, Alta.

1675—Light grey hard shale, overlying coal seam,
Oldman River, Alta.

1800—Soft olive shale, Gwynne, Alta.

1796—Soft shales interbedded with streaks of sand,

Camrose, Alta.

The clays were heated in a small rotary drum, made
of sheet iron, and having baffles projecting from the in-
side to keep the clay well stirred up and evenly heated.

A stationary sheet iron hood enveloped the drum
except where openings were left for the gas flames to
enter. The drum, which was revolved by hand, was pro-
vided with a hollow axle, through which a pyrometer
tube was inserted. About 14 to 3/ hr. was generally
taken to bring the clay to the required temperature, the
latter being easily kept constant during the time allotted
for treatment.

The length of time allowed at each temperatire was
15 min., each clay being kept for this period at succes-
sively higher temperatures until it yielded to the treat-
ment. Other trials were made of 30 min. duration at
certain temperatures, to show the effect of time.

The latter results show that it is possible to obtain
effects at lower temperatures with increased time, similar
to those given in the shorter time at higher temperatures,
but this appears to be true only within certain limits, as
Professor Orton’s experiments show that some of these
clays were not improved by exposure for 114 hrs. to a
temperature of 400° C. Steam was given off freely from
the heated clay at all temperatures up to 500° C. The
fumes evolved at higher temperatures smelled strongly
of sulphur and hydrocarbons, which was probably due to
the dissociation of particles of pyrite and driving off of
bituminous matter.

When the heating was completed all the clays ex-

cept No. 2 were much darker in color than. in  the raw

state, being dark grey to almost black.

Clay No. 1755 yielded at a comparatively low degree
of heat treatment, probably due to its containing a rela-
tively larger amount of grains larger than clay substance
than any other of the samples tested.

The tenacity with which clay No. 1765 clings to its
plasticity under the action of heat is remarkable, as that

property was not affected to any great extent even at the

*Edward Orton, Jr., Experiments on the drying of cer

tain Tertiary clays, Trans. Am. Cer. Soc., Vol. XIII.




312 THE CANADIAN ENGINEER

highest limits of the experiment. It would no doubt
succumb to a more prolonged exposure at 550°. or it
might be successfully treated at 600° for 15 min. The
latter was not tried, however, as it is possible that the
amount of preliminary heating that could be economically
applied to this or similar clays in practice was already
exceeded.

Clays Heated in Rotary Drum.

400° 450° 500° 500°  550°  550°
No. - C. C. C. €. :
15 15 15 30 15 30
min. min. min. min. min, min.
DEUINE Tt 05 W0 e TS T Bad Improved Good.
{6, et G G da bR e e Bad Good Good.
Plasticity 8 e AL il Good Fair Low.
Drying at 65°C. Good: .. ..o wwvi saalr aliialin don el
) A AT st 40°€1, Goodiy:n it wadniminsls s g bl
Plasticity s oo, TUATELL 5iZkirs b Tustls b anicd sus hstoins s esaoca ypinienspins
Drying at 682C . L. aofwns olde ket Bad Bad.
1765 & o bR SOl S B e Bad Good.
S T n T e I L B B o Good Fair.
Drying atios0Ge L8 L S g Bad S sl
17065 "% BOC G R IS S PR i e e A
PIASTIGIEY = & ot Ua a5t s iahe Hstots 1 sl otel Good None.
Drying at 65°C: 5 i s Lk h Bad Improved ......
Y3005 i 3000 s e AR Bad T Goodid . eiis
Plasticity = . o shfoe asesina Lshios Good Fair None.
Drying at 65°C. ..... 12 -1 MRS Al e Rl e T i
17061 A 200G Bads vty U aiEe i S8 L s e
Plastrcityil i S Good None ..... T gk L

The results given by sample 1675 show the slight
margin in time that exists between the proper and un-
successful handling of some clays.

After the 3o-min. treatment at 550° this clay was
sandy in texture, and could not be moulded into shape,
while after the 15-min. treatment its defective qualities
were quite unimpaired.

The precise time, then, for the clay at this tempera-
ture appears to be either 20 or 25 min., but. as will be
explained later, the 3o-min. treatment was not fatal.

The results of previous experience without any
special apparatus, showed that the clays would require
a high degree of heat treatment, but to avoid mistakes
all the clays were heated to 350° C.; however, since no
change occurred in any sample at this temperature it is
unnecessary to include it in the table.

The test pieces made up for the drying tests were
2Y%-in. cubes, as there was not a sufficient quantity of
the various clays in stock to make full-sized bricks. The
cube, however, has a greater volume for the amount of
surface than any of the brick shapes.

The driers used in the experiment consisted of small
chambers attached to the steam heating apparatus of the
building. The maximum temperature that could be ob-
tained in this way was about 65° C., the pieces being
dried in from 24 to 36 hrs. Although faster driers are
used for some clays in practice, it was decided that if the
clays can be worked and afterwards dried safely at the
above temperature, that the object of the experiments had
been attained.

The pre-heating causes marked changes in the char-
acter of the clay, the most important for practical pur-
poses being the change from a tough sticky mass,
having undue shrinkage and abnormal cracking in dry-
ing, to an open granular body which can be easily worked
and rapidly dried.

The pre-heated clays require considerably less water
for mixing than the raw clays, consequently the air
shrinkage in the clays thus treated is greatly reduced, as
shown in the following table: /

Volume 26.

Average per cent. air shrinkage.

No. Raw clay. Pre-heated clay.
{57, B0 el DDA o 9.6 4.0
i R R i 7.0 6.0
TGS T S 8.7 5.0
TO76 1o oot R 8.9 5.0
TBO0 6 firiafesais taho et cihte 8.5 3.6
o o e e SRR 8.8 4.0

Another striking advantage gained in pre-heating is
seen when burning the test pieces. Those clays which
were subject to black coring and swelling were completely
cured of this trouble by the pre-heating treatment. This
is probably due to the change in texture which the clay
undergoes when pre-heated, giving a more open body
from which the gases evolved in burning can escape
freely, and also to the driving off of some of the carbon-
aceous and sulphurous components.

The effects obtained by pre-heating to the above tem-
peratures are not permanent.

The plasticity of the clays Nos. 1675 and 1800, ap:
parently destroyed during the course of the experiments,
was restored again by allowing those clays to remain in
an excess of water for 24 hrs. Sufficient water was then
evaporated, so that the clay could be remoulded, and set
to dry. No. 1675 would still stand fast drying, but No.
6 cracked both in the fast and slow drier.

Again, when the cubes made from No. 6 were dried,
reground and wetted for the third time it was found that
this clay had regained all its pristine plasticity and sticki-
ness, and small bricklets then made from it cracked while
air drying at room temperature quite as badly as the raw
clay did.

Analyses of Clays Which Cracked in Drying.
Bentonite from

No. 1755. No. 1765. Camrose.

Total silica (SiO)... 74.25 65.23 69.14
Alumina (ALOs) ..... 14.29 18.60 14.50
Oxide of iron (Fe.O;) 2.89 2.97 2.56
Lime (CaO)u .. ov. 0.37 0.66 2.45
Magnesia (MgO) ... Trace 0.64 1.14
Potashb(REO) 0000 2082 2.40 0.19
Saodali(Nai@)a . e 1.19 2.23 L T.25
Loss on ignition ....  4.21 7.30 2.71

99.72 100.03 98.95

Supplemental determinations—

Organic carbon ....not determ’ed 1.44 not determ’ed

Carbon dioxide (CO.) none 0.42 0,52
Sulphur trioxide (SOs) none none 1.70
Hydrous silica ..... 0.43 0.51 ° 21.03
Sulphiirsal ot oo none none not determ’

In the table given above will be found analyses of
several of the clays described in this chapter. They wer€
made by G. E. F. Lundell.

The greater part of these clays is made up of quart?
grains of varying degrees of fineness, as many clays aré
and the chemical analysis furnished no clue to their erratiC
behavior.

About 20 ft. below the beds from which sample No-
1796 was taken a seam of about 2 ft. in thickness of the
clay known as bentonite occurs. This variety of clay i
of yellow color when fresh from the bank, but assumes 2
dirty white color on exposure. It is fine in texture, €*
ceedingly smooth, and forms a very soft soapy mass whe?
mixed with an excess of water. It has an extraordinafy
capacity for absorbing moisture, being capable of taking
up three times its weight in water.
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The clay possesses marked detergent properties, ‘and
Was used in the early days of the North-West by Indians
and Hudson’s Bay Co. employees as a substitute for soap.

This material was rejected as unfit for any burned
clay Wares, but an attempt was made to dry some brick-
ets made from it, in a moist atmosphere. After three
Weeks of gradual drying the bricklets showed abnormal
Cracking and very high shrinkage. Although none were
Observed on the outcrop, it is possible that some thin
Streaks of bentonite were included in the beds sampled
for No. 1800, Certain of the sand beds of the vicinity
Were found to possess plasticity, and some decidedly silty
beds will crack in slow drying.

As a good deal of the material which composes these
beqs is derived from the erosion of the lower Cretaceous
Which contains bentonite beds, it may be assumed
that thijs material, being part of the product of erosion,

Was re-deposited and distributed through many of the
later peds.

I_t occurred to the writer that some simple scheme of
Washing might be adopted to separate out the pasty con-
Stituent from these clays.

As an experiment, one pound of ground shales from
Sample No, 1675 was well stirred up in about a gallon of
Water and allowed to settle for two hours, the water and
Suspended matter being then drawn off. This operation
Wa? Tepeated, and the residue allowed to dry. When the
'esidue haq dried, it was found to consist of a badly
cradfed yellow paste about half an inch in thickness,
Orming a cryst on top of dark grey sand and silt. The
Yellow Paste had all the appearance and characteristics
of bentonite or soap clay.

; . The shale, when dry, was found to have lost 25%
Its weight, presumably all of it being pasty matter
N suspension and drawn off with the water.

% The Plasticity of the shale was much reduced by the
Shing, but it cracked almost as badly as ever in the

S drier. It would dry intact though, in room tem-
Peratyre,

That the presence of bentonite is a potent factor in
pr({duCing air cracks, was proved by the following ex-
) fiment, Tep per cent. of bentonite from Camrose was
Eld?d to a coarsely ground paving brick shale from

. "8, N.V., The cube made from this mixture cracked
ad,ly in the 65° drier. The Elmira shale will stand fast
Ying at 85°'C;

Between bentonite as an extreme case and clay No. -

il S5 as a mild example we have clays containing vary-
% AMounts of gelatinous paste, which allows the water

B eSCaPe with difficulty from the body, and causes crack-
& while retarding drying.

Rl :I‘he chemical analysis of bentonite (see table) showed

Prot, It possessed a large amount of hydrous silica ; which
tr, abl}: causes that sticky type of plasticity and the
Ouble in drying.
foo ! l'e-heating has the effect of driving out the water
of M the hydrous silica, and causing the caking together
xtt € dehydrated particles, which gives the granular
ure seen in the clays thus treated.
6 Clay No, 1765 was washed in a similar way to No.
i dS) but lost 75% of its weight and. the residue cracked
Tying, ‘

amThe chemical analysis made of it shows only a small
theolunt of hydrous silica, but this clay, notwithstanding
" amount of that ingredient, possesses all the pasti-

Ne 5 $ .
prSS Of bentonite, and its tendency to crack is almost as
ONounceq,

THE CANADIAN ENGINEER 313

A large percentage of this clay is in a very finely
divided state, and much of it may be colloidal matter;
perhaps organic colloids are also present. Then, in this
case, pre-heating to sufficient temperatures has the effect
of driving the water from the infinitesimal pore spaces
between the minute grains, and the chemically combined
water from the colloids. The minute particles, when de-
prived of their water envelope appear to adhere in suf-
ficient numbers to form sizable grains.

The subsequent safe drying after pre-heating seems
to depend on the fact that the water with which the clay
Wwas tempered escapes by evaporation in the driers before
it has time to permeate the microscopic pores again and
hydrate the colloid or siliceous content.

Clays which retain or regain their plasticity after the
expulsion of chemically combined water have been re-
corded at various times.

H. E. Kramm* found that test pieces made from
mixtures of kaolin and gypsum, kept for 8 hrs. at a tem-
perature of 79o° C. slaked down in- water, and had lost
little or none of their original plasticity.

Most of the clays can be made workable by the pre-
heating process if commercial conditions allow of its use.
This process involves the use of a suitable type of rotary
kiln, a cheap fuel to supply the high temperatures at
which these clays must be treated, a proper superinten-
dence in controlling the process and the cost of extra
labor. The samples on which the experiments were made
have been selected from localities in which either coal,

lignite, or natural gas is abundant.

Clay No. 1644 undergoes a slight pre-heating
through a rotary drier in the brickworks at Estevan.
This is done primarily to prepare the clay for dry press-
ing by getting rid of the superfluous moisture which it
contains in the bank, but the treatment was also found
to stop much of the fire checking to which the raw clay
was liable. The losses from fire checking are still great,
but a higher degree of heat treatment would probably do
away with it entirely.

It is doubtful if the kind of apparatus in use at
Estevan would give a sufficiently high temperature to
drive off combined water and render _the clay fit for wet-
moulded processes.

 *Trans. Am. Cer. Soc., Vol. XIIIL., p. 608.
————-———

The annual report of the mines branch of the Depart-
ment of Mines, issued last November, makes the statement
that Canada possesses gas and oil fields of considerable
value, which, if developed, may rival those of the United
States. Hitherto, oil as liquid fuel has been used in North
America only in the United States, and the report states that
there is no reason why Canadians should not also avail them-
selves of its advantages. It also points out that an in-
creasing demand for liquid fuel has of late constituted one
of the outstanding features in power development; and ob-
serves that, while the oil business has generally been viewed
as a gambling enterprise, and many companies have con-
ducted it as such, the days of taking great chances are past.
Dealing with the possibilities of the different Canadian pro-
vinces, the' €xXperts in the employ of the mines branch, who
have compiled the report. say that in Alberta deposits are
considerable, but the cost of drilling is high. Of the North-
Alb nt out, that it has as yet produced
no oil in commercial quantities, The same is true of British
Columbia and Manitoba. The district between Regina and
Moose Jaw and the Alberta border in Saskatchewan is re-
ported to offer chances for oil operators. The province of
Quebec gives no indication at the present time of developing
fields of either petroleum or natural gas. New Brunswick
oil fields, however, show considerable promise, and of On-
tario, the statement is made that ‘““the production both of
petroleum and natural gas is on the decline and the total
depletion of the underground supply is approaching.”’



314 THE CANADIAN ENGINEER

SOME WATERWORKS SYSTEMS IN BRITISH
COLUMBIA.

Construction of the Port Alberni Plant.

Company completed the construction of a water-

works system for the city of Port Alberni, B.C., a

contract begun in the fall of 1912. This contract was
awarded in September, 1912, to the Municipal Construc-
tion Company, Limited, as the company was then known,
and was for a lump sum approximating $108,000. The
work was to have been completed in eight months, but
owing to delays in arrival of shipments of steel for band-
ing the continuous stave pipe, the plant was not finally
ready for operation until August.

lN August, 1913, the Vancouver Wood Pipe and Tank

The principal features of the Port Alberni water-

works system, which is a municipally-owned enterprise,
are an intake dam of crib-work and rock construction,
a supply main some 7}{ miles long, and a distribution

Port Alberni Waterworks—I16-in. Continuous Stave
Pipe Line.

service throughout the business and residential portions
of the city of some 4% miles of 6-in. mains. The intake
dam was constructed on China Creek, the source of
supply, and is about 200 feet in length. A difficulty which
first had to be overcome was the construction of a road
for the entire distance of over seven miles from Port
Alberni to the dam along the pipe line. This was through
a rough, heavily timbered country, where trees 6 ft. in

- diameter had to be cleared away. In some parts, too,

rock work of heavy character had to be undertaken, and
the nature and extent of this may be learned from the
fact that the amount removed in the construction of the
road totalled 6,000 yards of rock and over 22,000 yards
of earth.

In building this road the line was brought to grade,
as the pipe was laid at one side, next the bank, so that
it was readily covered with earth turned down from the
slope of the bank. One important part of the work was
providing for six inverted syphons, necessary because
of the contour of the pipe line, which crosses several deep
ravines, almost canyons in one or two cases. Here the
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- roadway constructed had to be raised up by cribbing and

filling-in—in some places to a height of 20 feet, so that
the extreme curvature of the pipe might not be exceeded.
To accomplish this about 30,000 lineal feet of cribbing
timber was used.

The continuous stave type of construction was used
in the first 26,000 feet of the supply main, the diameter
being 16 inches. A portion of the line is illustrated in
Fig. 1. This pipe was made of Douglas fir staves, from
seasoned, clear stock, 2 X 4 in., dressed in radial section
to a thickness of 134 in.

One of the most important features of continuous
stave pipe construction is the connecting of the ends of
the staves. This is done by means of a flat metal tongue,
about 2 in. wide and 1-16 in. thick, inserted in a slot
sawed in the ends of the staves, and projecting at each
edge just far enough to engage the side of each adjoining
stave. To ensure absolute uniformity in this work the
company has perfected and patented a machine by means
of which the work of slotting is done with perfect ac-
curacy. Thus the pipe goes together in such a manner
that a uniformly smooth bore is secured throughout,
which is the object to be most desired in construction-
In assembling this pipe, steel bands 14-in. in diam. weré
used, and the average spacing was 2% in. The pipe lin€
was marked by a great many curves as well as by the
six syphons referred to, and the result of the construction
is a striking demonstration of the adaptability of the
continuous stave type of construction for such a water
main.

Steel pipe was used for the remainder of the 7-milé
main, the first 7,300 ft. from the end of the continuou$
stave pipe being 12 in. in diameter, and the next 5,800 ft:
being 10 in. As the total head due to the elevation of
the intake dam, 614 ft. above sea level, would have beer
too great a working pressure for the system, reducing
valves were installed on the 12-in. and r0-in. portions
of the main, bringing the pressure down to an averag®
of about 110 Ibs. in the city.

For the 6-in. distribution mains, wire-wound wood
stave pipe, made from selected Douglas fir, was used:
House services from these were installed at the time O
laying the mains, under the supervision of the city en”
gineer. Fire protection and other needs have been very
adequately looked after, and Port Alberni, one of the most
westerly ports in Canada, and one with an optimisti®
future, now that railway connection to Victoria has bf«e”
completed, is well supplied with water for a populatio?
of fully 20,000 people. It is a curious bit of British CO
umbia history that this new port on the west coast of
Vancouver Island, was the site of the first saw-mill, a”
really the first industry located in the province. The mills
long since removed, was erected by Capt. Stamp, €
Boston.

Salmon Arm and other Water Systems.—The a8
tivities of the Vancouver Wood Pipe and Tank Company
have included another water system for a British €0
umbia city, Salmon Arm, in the interior of the province'
Here, during 1913, the company installed a complete sy=
tem several miles in length. d

Supply was taken from Canoe Creek, under a he?
of 700 feet, which was broken with a 50,000 gallon Sta‘;
tank. This tank was housed in a frost-proof octago?
building. It forms the direct supply for the city servic®”
which is designed to be extended as the needs of pop¥”
lation demand. i .

In 1912, just prior to commencing the Port Albern:
waterworks, the company completed a large contrd
for installing over 55 miles of steel distribution malﬂ'
for the waterworks system of Burnaby municipalitys A
joining the city of Vancouver. In the years 1910 2%




February 12, 19) 4.

1911 the same company undertook, and successfully car-
ried out, the contract for installing the new supply main
for the city of New Westminster, some 74,000 feet of
Steel pipe, 25 inches in diameter. This pipe was laid
from a new dam built by the Vancouver Power Company
at Lake Coquitlam, in the mountains just east of Burrard
BRleE. (See The Canadion Engineer, Jan. 13th, 1914.)
ast year the company secured three patents for use
' connection with the making of pipe. One of these was
O a new and improved coupling, the other two on ma-
chines used in turning out the staves and pipe. In the
€W coupling for wire-wound wood pipe, the features are
& machine-turned interior bore, to match the turned
tenon on the end of each section of pipe where it is in-
Serteq; and a galvanized flat band of steel on each end,
COvering 2 portion of the sleeve coupling, which is in
Other makeg left bare, as the winding of the wire cannot
© carried to the extreme end of the sleeve, The flat
and is sunk flush with the surface of the couplings, which
are greatly strengthened by it. This band is an added
Strength to the end of each joint of pipe, which neces-
2arily has no wire on the tenons where they are driven
Into the couplings. The machining of the interior of the
COupling js » very important improvement, as it does
AWay  with any lack of uniformity of the staves when
4Ssembled jn the work of winding, and thus it allows
°f a mych more perfect fit in connecting up the pipe.

—_— -

MICROMETER METHOD OF SURVEYING
WATER ROUTES.

By Robert B. Sinclair.

€nterprises, some governments and many private
Companies are now mapping their watercourses,
RO not hitherto (Eovered by the Ianq surveyors. The
e Mmust be carried on with a c0{151.derabl<.e degree of
is uracy ; hyt the speed with Whlcl:l it 1s carried through
3 N0t by any meéans the least important factor, and

Metimes becomes an important problem.

fnicrln Obtaining the required data for the mapping, the
- OMeter survey has heen found to produce results
me:ih Compare very favorably with the triangulation

.~10d and the traverse method in accuracy, and the
Cone Which is gained is often invaluable to the parties

Cerned,

Established Methods.—This class of surveying can
ati::)arried on by several differenF methods, e.g., triangu-
o Rytthe traverse and the stadia. All of these methods

What g frequently a great essential, namely, speed.
Occ:l BEst two of them have been tried out on numerous

I Slons where they have been found to be impractic-
thee't- he enormous amount of Yvork in the making of
COnv‘aVerSe survey may be readily apparent to anyone
the CrSant with it. Lines must frequently be cut through

ush and the traverse carried along the shore.
feaSiblhe triangulation mgt_hod suggests something more
G €, but to one famll-xar with this class of work, it
Obtai? Seen that great difficulty may be encounte.red in

"INg points which could be sighted on, owing to

€ Numerqyg bays and overhanging trees.

eith, he stadia survey is much more adap.table. than

€ of the other methods, but it is lacking in one
ty, viz., the accurate reading of distances of 400
m-USt fOVer. On account of this the triangu]ation method
in ¢ "equently be applied to the survey in order to take

'€ longer readings.

I :OR the purpose of pushing ahead their various

Necegg;
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Hence, the advisability of using an instrument which
will eliminate the possibility of error in long sights, and
will read the shorter sights with the same degree of ac-
curacy, appears obvious. = Such an instrument we have
in the micrometer. It has been tried out by the govern-
ments and also by the surveying departments of the dif-
ferent railways, and has been pronounced .a most suitable
instrument for this class of surveying.

In order to obtain the readings, a target is used,
composed of two discs mounted on a light rod and set
at varying distances apart, according to the length of
the sights taken. The ordinary distances to be sighted
are from 300 ft. to 1 mile. The space between targets
used for these readings is about 10 ft. Nevertheless,
sights of 5 miles have been read with a very fair degree
of accuracy. For these sights a base line of perhaps 100
ft. is chained and the targets mounted at this distance
apart.

The telescope of the micrometer -is equipped with a
double glass which throws two objects on the plane of
the diaphragm of the instrument. The two glasses are
worked in the vertical plane by a micrometer screw.
When the objects coincide the vernier of the instrument
reads zero. In turning the screw the glasses slide along,
focusing the target at different points on the diaphragm.
When the two of the target faces coincide, forming only
three target faces in all, then the glasses have slid along
a certain set distance, which varies each time with the
increase or decrease ‘in the space separating the instru-
ment from the target. We see then the relation which
obtains between the turning of the micrometer screw and
the distance to be measured.

In order to compile a table which gives the distances
in relation to the micrometer screw, a base line of per-
haps one mile is chained out previous to entering the
field. Distances are laid off every 100 ft. up to about
500 ft., and then at every 300 ft. or so. At these points
the readings of the micrometer are noted. "The screw
is turned first to the left and then to the right, and the
mean of the readings deduced. By this means the table
of readings is taken in relation to the distances measured
by the chain. Any number between the distances not
noted can then be obtained by interpolation.

When this means of determining the distance is re-
sorted to, the survey resolves itself into a very simple
operation. The engineer in charge may use two targets.
The main line of the traverse is kept intact and read-
ings, spiralling in different bearings from the station
points, is perhaps the more advantageous method of
procedure. It might be stated in conclusion that the
method is approximately 14 times as swift as the tri-
angulation method, and compares very favorably in
accuracy with any of them.

s

"

Governor Glynn announced recently at Albany, NY.'a
plan which he has formulated to increase the revenue of the
state from $1,200,000 to $1,800,000 per annum. The scheme
is based upon the state taking absolute charge of the 4,400
cubic feet of water per second now available at Niagara Falls
under the treaty between the United States and Great Britain.
It is claimed by electrical experts that this water will produce
75,000 horse-power. Mr. Glynn’s policy is that the state
should either develop this power itself and sell it to con-
sumers, or sell the .water to companies for generating elec-
tricity. If sold at the present wholesale price of electricity
in Buffalo, $16 per horse-power, 75,000 horse-power will bring
a revenue of $1,200,000 a year. If sold at the present retail
prices of electricity at Buffalo, $26.50 per horse-power, 75,000
horse-power will bring a revenue of $1,800,000 a year. Gov-
ernor Glynn contends also that, inasmuch as the state owns

the water to be diverted from the Niagara river, the state

and not the federation should receive the profit from its use.
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CITY WATER WASTE.

“CONSERVATION,” published by the Commis-
sion of Conservation, Ottawa, draws a com-
parison between the cities of Europe and North
America with respect to consumption per capita
of water, and presents some remarkable figures tending
to emphasize the inordinately high waste of water in
American cities.

The tables below give figures taken from representa-
tive cities on both sides of the Atlantic, and furnish a

good basis for such a comparison.
Imp. gals. per

head per day.
St. John, N.B. v sioniseensons 200
Vancouver, «..essseese st et 160
Montreal ....ceescescoccene 120
OttaAWA  veeososesssssosesoos 190
Toronto): & s sesis esls disaeasess 95
Hamilton ....... el e OB
New York .oececeeneecs e ey 10O
Buffalo ..... it oL e S b 5270
ChiCago coeereveesncscones 190
Philadelphia ..covveveeeenes 175
Average .....eoesces i 1E0 8
Vienna, Austria ........c.. T
Ascher, Germany ...... Shrons fate 2
Basel, Switzerland ..... Lo faine = 40
Copenhagen, Denmark ...... 26
Hamburg, Germany ........- 40
London, England ........... 36
Liverpool, England ......... 36
Glasgow, Scotland .......... "2

Newcastle-on-Tyne, England.. 33
Hull, England .....ceceveees 38

Nuneaton, England ......... 18
Stirling, Scotland ...... Sk S
Riga, Russia ......... Nolerawamiio]
Manchester, England ........ 42
Devonport, England -........ 40
Average ...ceceeees AR TS

It will be seen from the above that the average con-
sumption per head in America is between three and four
times what it is in Europe. This tremendous difference
can only be accounted for by assuming that the greater
portion of the water consumed in New World cities is
simply wasted. A consumption of 5o gallons per head
per day ought to be ample for all purposes, and would
still be about 43 per cent. greater than the European
average. Taking the American average as 150 gallons,
we see that cities on this side of the Atlantic are using
100 gallons per head per day more than is necessary.

This unnecessary waste increases the cities’ financial
burdens in many ways. The pumping and filtration
plants must be of needlessly large capacity; far more
power must be employed to force a large quantity of use-
less water through the mains; and the distribution pipes
and also the sewers that carry the water away, must both
be bigger than necessary. Mr. R. O. Wynne-Roberts,
M. Inst. C.E., estimates that in a city of 250,000 popula-
tion, the extra cost of water delivered would amount to
$560,000, or $2,24 per inhabitant. Further, the difference
in cost of sewerage and sewage disposal would be
$420,000, or $1.67 per inhabitant. This means that the
city’s water rates are increased by $3.01 for every man,
woman and child of the population, without any appre-
ciabla benefit being gained for the extra outlay.
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Undoubtedly some of this waste could be eliminated
by placing meters on all house services, and, indeed, this
is a common practice in England, and has already been
adopted by some United States cities. .To avoid the cost
of installing meters on each service and to detect leaks
in the mains, Mr. Wynne-Roberts suggests that meters
be placed on the mains in different parts of the city, so
that the quantity consumed in various districts could be
ascertained. This would localize waste, and, if combined
with an efficient system of inspection, would materially
reduce useless consumption at a less cost than metering
all house services. For a city of 250,000, he considers
that about twenty district meters would suffice, the esti-
mates the cost as follows :—

15 per cent. interest and depreciation on meters. .$ 7,500

20 inspectors at $1,200 ....cuiviniinansonanns 24,000
1 superintendent ..........ceceen S PR 2,400
2. clerks  wioeseosesesnns AR R e Rk g o
Rent, light, stationery and miscellaneous ...... 2,000
e

$37.820

or approximately $40,000 per annum.

Certainly some means should be taken to check the
present reckless waste. If some cities would conserve
their present water supply, there would be no necessity
of new reservoirs and additional water supply for many

years to come.
— e

CANADIAN STEEL MANUFACTURING.

Engineering, London, England, contained an article re-
cently on the steel situation in Canada, and a short history
of its growth. To quote, the writer says:—

«Tt would almost appear that, if the present rate of pro-
gress in steel manufacture continues, Canada will be able
soon, not only to supply her own wants as regards steel, but
also be able to enter the markets of the world.

“Priot to 1902, Canada made very little steel. The out-
put advanced from 26,084 gross tons in 1901 to 182,037 gross
tons in 19o2. Five years later, in 1907, it had reached
646,754 tons, and five years later still, in 1012, it in-
creased to 853,031 toms, the Iargest output in its his-
tory. It is quite probable that in the present year Canada
will make nearly 1,000,000 tons of steel, or more than the
United States made in 1879. The steel output of Canada i8
largely in the form of ingots, over 96% of the total in 1912
being in this form, and less than 4% in the form of direct
castings.

“The largest two centres for steel in the Dominion aré
Ontario and Nova Scotia. In 1909 Nova Scotia led Ontari®
by 28,201 tons, in 1910 by 11,043 tons, and in 1911 by 20,623
tons. In 1912, however, Ontario forged ahead by 1321 tons:
Nova Scotia has within its borders the new and modern plant
of the Dominion Steel Corporation, while Ontario has withid
its boundaries the large and modern plant of the Algom?
Steel Corporation.

“Naturally, the output of finished rolled forms of iro?
and steel in Canada increased in the same ratio as steel iD°
gots and castings. In 1902 the total rolled output was 1615
485 tons. In 1907 it had increased to 600,179 tons, and i
1912 to 861,224 tons, the maximum. Much the larger part ©
the total was steel—about 87.5% in 1912. Rails formed 2
most one-half of the total rolled output of the Dominio?
in 1912—OVer 49.2%-. s

“Tt was not till 1902 that Canada began to manufacttr®
steel rails on a large scale. In that year it made 33,,950 tons-
Tts output in previous vears had seldom exceeded 8oo Or
tons. In 1012 the rail output reached 423,885 tons, its best
vearly record.”
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WATER POTENTIALITIES OF BRITISH
COLUMBIA.

The investigation of the Commission of Conservation
into the power ' possibilities of the rivers and lakes of
British Columbia was dealt with to some length at the
fifth annual meeting of the Commission in Ottawa last
month. The chairman, Hon. Clifford Sifton, in his ad-
dress outlined the progressive steps from the beginning
of the work in the Kootenay district in IG11, to the pre-
sent. It was announced that the amount already done
covers that portion of the Province between the Grand
Trunk Pacific line and the International Boundary, in-
cluding Vancouver Island. The assembled data on this
part are being prepared for publication and will be issued
during the present year.

British Columbia has contributed the most difficult
problems with which - the Commission has yet had to
contend in its water-power study. Physical difficulties,
causing unavoidably slow progress in survey work, have
prolonged operations. Brevity of season during which
profitable advancement can be made in reconnaissance
investigation, lack of facilities for rapid movement over
routes or from one route to another, and heavy expenses
throughout, have also been factors occasioning more
labor than one is apt to credit to such a great under-
taking. One of the serious difficulties encountered, for
instance, is that it is almost impossible for observers to
avoid over-recording power possibilities of streams ob-

served during high stages, and the flood stages in this

province frequently occur much later in the year than in
eastern Canada. The conditions affecting powers in this
province are unique and do not closely correspond to
those existent in other portions of the country. Glaciers,
melting snow, and heavy rainfall abound, especially on
the north mainland coast. Many storage possibilities,
known and unknown, exist. ‘While such factors contri-
bute to enhance the value of powers, these conditions
require special and very careful engineering investigation
and expert handling in order to avoid encouraging de-
velopments that might not prove economical.

British Columbia has a number of streams which
cross, and some of which recross, the International
Boundary, and in connection with the utilization of these
waters, there may be questions requiring consideration
by the International Joint Commission. Some of these
streams have large power potentialities.

The construction of railways in the lower portions
of valleys debars development of many of what would
otherwise have been fine water-powers, and, in some
instances, highways have been constructed in locations
which also tend to prevent development.

Incidentally, the  protection of great fisheries de-
pendent upon inland waters arises in this connection.
An instance, witnessed last Summer, of great numbers
of salmon dying in the Fraser river, because of artificial
blocking through railway blasting, has shown how care-
fully matters must be considered which may possibly
affect the ingress and egress of valuable fish.

The report will also include references to the British
Columbia law relating to waters, to various procedures
under the law, and other cognate matters. The water
legislation of British Columbia is quite advanced and has
attracted international attention. The Canadian Engineer
for January 8th, 1914, outlined the scope of a proposed
bill for the formation of water municipalities for the
conservation and distribution -of water for irrigation
purposes. :
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BUSINESS TRAINING FOR ENGINEERS.

It is not often that engineers are afforded such a
clear analysis of the status of the profession in the public
mind as Mr. Porter gives in his paper on page 320 of
this issue. It is a subject about which much has been
written. Engineers are constantly being offered oppor-
tunities for making introspective diagnoses of their pro-
fessional qualifications.

There should be no resentment, however. There
has never been an age when capable engineering talent
was more in demand than the one in which we live.
Present day problems in rural and urban development
are not as simple of solution as they used to be. Besides
the increase of necessities, the insistent demand for more
rapid growth, greater undertakings and more costly en-
terprises, there is an entanglement of vested rights and
powers associated with every problem. Its working out
requires a talent that possesses much greater attributes
than a panoramic view of engineering practice itself.

Compared with the older professions, engineering
and engineering training are subjects of much contro-
versy, and naturally so. The former are the product of
old-established courses—the product of age itself, lacking
which the engineering courses of to-day are without a
certain coherence. This will come, but none too speedily
if the criticisms which Mr. Porter cites are to be spared
by the interested public.

The practical business sense, claimed to be one of
the absent qualities, is undoubtedly as much the result
of insufficient training as are any of the other discrep-
ancies. Dr. Humphreys, President of Stevens Institute
of Technology, a prominent engineer, and a high au-
thority on the value of business training as a part of
technical education, in one of his numerous writings,
treats the subject in the following way :—

““Self-evident should be the truth of the proposition
that the engineer ought to be a man of business, or at
least informed of, and prepared to conform to, business
conditions and business methods. When this proposition
is squarely laid before them, it is self-evident to the ma-
jority of successful engineers and men of business. Busi-
ness men, bankers, and manufacturers not infrequently
refuse their confidence to engineers and experts as a
class, because, under trial, some individuals have demon-
strated their incapacity to meet business conditions; from
the standpoint of the man of business their reports, ad-
vice, conclusions have required interpretation and read-
justment or amendment. ;i

“The man so far somewhat exceptional, who is able
to bring to the service of his clients or associates a sound
technical training, and the ability to meet business con-
ditions proves by his comparative success the material
value of this dual capacity. For the sake of the profes-
sion and the country at large it is important that this
broader capacity should no longer be exceptional.

“To this end the professional educator and the en-
gineer-student must better recognize the conditions to be
met in practice. A general and definite demand on the
part of the business world for engineers of such broader
capacity would ensure the necessary refoim in the sepa-
rate schools of engineering and the university depart-
ments of applied science.’’

—_———-—-——

ONTARIO LAND SURVEYORS.

The Association of Ontario Land Surveyors will hold its
annual dinner at the Engineers’ Club, Toronto, on Wednes-
day evening, February 18th.
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LETTER TG THE EDITOR.

Paving Streets With Creosoted Wood Block.

Sir,—Creosoted wood block paving, while com-
paratively new in many Canadian cities, is, in reality,
not a new idea nor a new pavement. It is the result of
combining two ideas, both of which in themselves had
proved successful long before the first creosoted wood
block pavement was laid. The ideas are: first, that of
using wood as a paving material, and second, that of
chemically preserving wood from decay.

For many decades wood was used as a paving ma-
terial, sometimes in the form of cylindrical blocks cut
from poles, best represented by the cedar block pavement.
Both of these pavements gave great satisfaction because
of their noiselessness and their adaptability to all kinds-
of traffic. But they were short-lived owing to the attacks
of decay. Even in the face of this, many cities persisted
in laying them because their many merits recommended:
them despite their lack of durability.

While wood block pavements were decaying and
many cities were being forced to abandon their use for
that reason alone, there was being developed a scienceé
which was destined to remove this objection to wooO
paving. This was the science of wood preservation.
Railroads were preserving their cross ties and bridge
timbers, while preserved piling, driven in the tepid waters
of the Gulf of Mexico, where it was subject to the attack:
of the sea worm, was found to last almost indefinitely-

Many chemicals have been used to preserve wood,.
but only two seem to meet all requirements. They are
creosote oil and chloride of zinc. Creosote oil, alone, i$
adapted to the preservation of wood paving blocks as, in:
addition to preventing decay, it also seals the pores of
the wood, prevents the absorption of water, and does not
leach out the blocks. ;

The application of timber preservation to the use of
wood as a paving material has developed a street pave-
ment which possesses more points of merit than any
other material. '

Many standards of excellence for a street paving ma--
terial have been offered by writers upon this subject-
The following is believed to be a fair-standard by which
to measure any material :— -

(1) Its initial cost must not be so high as to make
it unreasonable to the abutting property.

(2) Its durability must be sufficient to make its main-"
tenance and ultimate cost low.

(3) Its surface must be smooth and hard and yet
afford sufficient foothold to horses.

(4) It must be as nearly noiseless as possible, neither
producing noise under traffic nor echoing other sounds-

(5) It must be so constructed as to be quickly 1aid
and easily replaced when cuts are made.

(6) It must be of such material as to give off n0"
dust or mud of its own creation.

(7) It must present no obstructions to cleansing
such as crevices, and be easily flushed and scrubbed.

(8) It must present a surface which offers no re”
sistance to wheel traffic passing over it.

(9) It must not injure horses’ legs and hoofs nor b€
injured by horses’ calks or motor car traffic.

The initial cost of a pavement is an important item
and yet not always as important as one might be lead 0~
believe. In purchasing a street pavement, as in buying
merchandise, the nature and length of service should b€
taken into consideration. The initial cost of a creosot
wood block pavement is so low as to make it reasonablé
for any street and the service it will give makes it the "
best possible investment for the property owner.

-
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Durability is one of the prime requisites of a street
Pavement. Once a street is paved it is always to be a
Paved street. If the pavement is not durable the time
Will soon come when a new pavement must be paid for.
The only test for durability is experience. In this regard,
creosoted wood blocks have an enviable record. It is
Probably the only form of pavement that has never worn
Out or been replaced by another. Streets paved 12 or 14
Years ago with this material are in as good condition to-
day as they were the day they were opened to traffic.

e splendid durability of the pavement makes its ulti-
mate cost lower than that of any other form of pave-
ment known.

In addition, the quality of service given by the
creosoted wood block pavement is so much higher than
that of any other form as to increase the advantage of
the material over all others.

For that reason many cities have adopted the policy
of Paving down-town business streets, where traffic is
tremendously heavy, with creosoted wood block. The
Practice was the result of the experience of London,
faris, and other European cities, and the results obtained
In American cities have been fully up to expectations.

€ service given by the Broadway pavement in New

ork and several heavy traffic streets in Chicago proves
the truth of this assertion. The peculiar quality to resist
the effects of traffic possessed by creosoted wood blocks,
Placed with the grain vertical, gives the pavement first
"ank in point of durability.

. Street pavements are laid to be travelled upon. Their
Chief object is to present a smooth surface for traffic and
one which will bear the wheels of passing vehicles with
little or no obstruction. The very purpose in view should
Preclude the use of any material which is not smooth and

ard.  Creosoted wood blocks possess this quality to a
higher degree than any other material and yet afford a
Sufficient foothold for horses.

.Every modern city is experiencing a laudable crusade
against unnecessary noises within its limits. Everyone
fommends legislation preventing needless blowing of
Whistles and ringing of bells. Creosoted wood blocks
Make Practically a noiseless pavement, frequently called
the “‘sjjent pavement.” Their adoption on many busy
Streets has resulted in increased rents for space in abut-
ting buildings owing to the decreased noise by the traffic.

Yet, this success of a creosoted wood block pavement
f8ends, upon the iway it. is laid, - If- the blocks: dre laid
N a solid foundation with % to 1 in. sand cushion and

.¢ Pavement given plenty of room for expansion and
Pltched to prevent water getting under it, no trouble will
© €xperienced and the pavement will be ideal. But
€0 the pavement is laid crudely by men who are not
amiliar with it, trouble must always result.
th When trouble of this kind does occur, it is published
"oughout the country by knockers, but if the actual
3%, viz., that it was the crude way the pavement was
ad, were known, it would be different, and people would
Understanq why trouble has occurred. Every time a
aVement heaves it is caused by the crude way the pave-
g;e“t Was laid. Such is the case with the creosoted wood
COOCks laid on the Bank Street bridge at Ottawa, an ac-
w“nt of which was published throughout Canada. It
as a certainty that the pavement on the Bank Street
8¢ would expand and heave and that the blocks laid
% " the street car rail would either be loosened and_ come
si%‘p or break. No expansion joints had been put in the
ey d“s_ at each curb; the blocks had been laid too closely
b Nstead of the blocks next to the rail having been
€velled and set right against the rail, strips of untreated

Negy
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timber merely had been put alongside of each rail. These
strips would absorb water, expand, rot and disintegrate.
The blocks were laid up tight against the strips, leaving
a space of 1} in. wide and 2 in. deep between the rail
and the edge of the pavement between the tracks. Dur-
ing a heavy rain-storm the water would run down along-
side the rail and get under the pavement, causing it to
expand and heave.

The space between the pavement and the rail per-
mits the wheels of carriages and light wagons to get into
this space and loosen or tear up the blocks.

When properly laid, great success has been experi-

enced with wood block pavements. In the large cities’

on this continent, each having laid hundreds of thousands
of yards during the past 13 or 14 years, most of them
are without any repair bills whatsoever to date. For in-
stance, Hamilton, Ontario, has laid since 1908 over 285,~
000 sq. yds. and has had absolutely no repair bills. Com-
pare this, for instantce, with the maintenance charges
in Ottawa on the Bank Street pavement,” from Welling-
ton Street to Gladstone Avenue; and on the St. Patrick
Street pavement from Dalhousie Street to the St: Patrick
Street bridge. On the Bank Street pavement $49,848.66
was spent by the city since 1907, in addition to the main-
tenance expenditures made by the contractors. On the
St. Patrick Street pavement, which was completed in
1911, the city spent $344.90 in 1912, and $1,606.88 in
1913; these amounts being in' addition to the mainten-
ance expenditures of the contractors.

A minor portion of these expenditures was on ac-
count of cuts for water and gas service, etc., but the cost
of such cuts in dealing with a block pavement is greatly
less than in dealing with a sheet asphalt pavement, such
as was laid on the two streets above mentioned.

There has been considerable objection against creo-
soted wood block on account of Canadian climatic con-
ditions, but when our pavements have been excellently
successful in Moose Jaw, Denver, Minneapolis, Duluth
and St. Paul, with a temperature running from top sum-
mer heat to from 30 to 60 deg. below zero in the winter,
this point would seem to be answered by practical ex-
perience. In Ottawa, there is a properly laid pavement
constructed of blocks that were merely dipped—not even
properly creosoted—which has withstood Ottawa’s cli-
mate for 8 or g years and it is in fairly good condition
to-day. Several streets in Montreal have been properly
laid with the dipped creosote wood blocks and these
streets have been in fairly good condition with the excep-
tion of the blocks decaying on account of moisture get-
ting beyond the point of oil.

In the city engineer’s report to the council of Ot-
tawa, he recommends the expenditure of over $3,000,000
for pavements, including merely $900,000 for permanent
roads, namely, asphalt and stone blocks. In the light of
statistics throughout Canada and United States, the re-
pair bills on the remainder of the paving recommended
would be enormous. Taking statistics in these countries,
creosoted wood block pavements show no cost for main-
tenance with the exception of a few cities, and these few
cities’ statistics show maintenance cost almost nil. With
the large amount of creosoted pavement laid on the
principal streets in all of the larger cities in the United
States, without having one pavement to show much of a
wear over 1§ in., should cause the engineers in the large
cities of Canada to study carefully the qualities of creo-
sote wood block pavements.

- E. S. CLEMENTS,

Canada Creosoting Company.
Toronto, Feb;uary 5, IQT14.
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THE CIVIL ENGINEER AND HIS RELATIONS TO
SOCIETY.*

—_—

By Sam. G. Porter, B.A., B.S., M.Am.Soc.C.E.
Irrigation Inspecting Engineer, Dominion Government.

with these criticisms with regard to its members :

1st, That they are narrow in their mental training

and habits. 2nd, That they are lacking in practical
business sense. 3rd, That they are too little interested
in the welfare of the community, or of society.

Let us ascertain what justification there is for these
criticisms and how they should be met.

Narrowness.—Most engineering students confine
their energies to strictly technical topics and take under
protest what few subjects of general culture are forced
upon them. As a consequence, they graduate and enter
upon their work with little knowledge of what is termed
the humanities. Having chosen a work that calls for
technical skill, they naturally give their attention to the
questions which will advance their usefulness and profes-
sional standing. Furthermore, their work, especially in
their early years, usually leads them away from, rather
than into, contact with social and commercial influences.
‘They are pioneers, they are on the firing line, always ad-
wancing before they are permitted to enjoy the civilizing
results of their own conquests. How natural it is, then,
that they should acquire habits of thought and action
.out of sympathy with the social problems of the day—
not in the sense that they are antagonistic to social and
-political progress, but are merely negligent and apathetic
towards them.

To the extent that this habit predominates is the
criticism of narrowness justified. Our profession is
worthy of the highest possible respect; the possibilities
of attainments in it are unlimited; a devotion to its ideals
is to be encouraged ; but to put it on a pedestal and over-
estimate its value to the exclusion of an appreciation of
.other things is undoubtedly a sympton of narrowness.

Lack of Business Semse.—If the first criticism is
_established, the second and third will naturally follow
.as corollaries.

Some of the qualities and conditions which have
‘been pointed out above as tending towards narrowness,
should, if properly applied, bring about the opposite re-
sult. The engineer is trained to be exact, to be accurate,
to consider all the elements of a problem before arriving
at a conclusion. He is in daily contact with inexorable
laws. He ‘must study nature’s forces and combat or
utilize them.

If, however, the exercise of these duties appeals to
and develops only the technical side of his nature, a big
part of the lesson is lost. )

The failure of engineers to reach a high rank in
practical matters and in influence is not always through
want of technical attainments. More often it is through
a lack of a broad outlook, an appreciation of the true
proportions of things, a right perspective of practical
values. The man who keeps his eyes too closely riveted
to the technical problems is too apt to lose sight of the
practical ones. He will not be trusted, and in fact, is
not qualified to be trusted with the broader, practical
questions which are usually the dominating ones. The
man who solves them is the man who becomes boss.

"I.'1HE engineering profession is constantly meeting

. #Read before the Calgary Branch of the Canadian
Society of Civil Engineers, January 23rd, 1914.

_engineers have this failing- in respect to practical, of
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In addition, then, to technical attainments, honesty
and energy, which we will assume that most engineers
have and which we will not here discuss, he must have
(a) a broad outlook, (b) a right perspective of practical
values, and (c) a well developed sense of personal re-
sponsibility. ~ Without these qualities he may make a
useful man, even a necessary man, but not a great man;
not a leader. But if he has these qualities in addition to
the first and is trained, as we presume he is, in the ac-
curate observation and application of the laws of cause
and effect, he should forge well to the front as a leader
of affairs.

A Broad Outlook.—Too seldom is it the engineer
who can be credited with the conception of the plans for
big enterprises. Or, if he conceives them he seems to
lack the leadership necessary for putting them into effect,
and some trained intellect, with executive ability and a
comprehensive grasp becomes the controlling brain of
the head. Then the engineer is hired to work out the
details of projects which others direct and benefit from.

A man of broad experience who knew whereof he 5
s;?oke, said: ‘It is far easier to hire engineers than to
hl.re men.”” Why is this true? Why do so many en-
gineers allow themselves to be mere units in a system
or cogs in a machine to be used by other men? Why, °
unless this second criticism is justified, have they not
enough personality, enough force of character to direct
and to control affairs instead of always being the hired
man? Why do they not hire lawyers and financiers in-
stead of always being hired?

It is estimated that more than go% of the skilled
labor of the world is directed by engineers. And yet the
engineers are not in many cases actually the bosses.
They are only hired superintendents taking their orders
from .the men who are blessed with this broad grasp of
practical affairs and with ability for leadership.

1%‘ Right Perspective of Practical Values.—As used
here “‘perspective’’ means placing things in their proper ;
relations to each other; giving them their proper relative '
values. Some men never arrive at an appreciation of "

I

this essential element. They can never distinguish be-
tween the essential and the non-essential; between the
fundamental and the ornamental. Unfortunately, some
business matters. They have no business judgment.
They h?ve no appreciation of values. They are the ones
that bring upon the profession the criticism that its mem-
bers are lacking in practical business sense. Of course
the same accusation is true of members of all other pro-
fe.ssm’ns. But we are engaged here in self analysis an

will not permit ourselves the satisfaction of hiding behin

the faults of others.

Even if the engineer does not aim to be a commercial
manager, but confines himself as a specialist strictly 0

must be in harmony with the commercial conditions ©
his specialty.

Someone has defined engineering as a “compouﬂd
of common sense and mathematics.”” This is a g09
definition to bear in mind.

A Sense of Personal Responsibility.—A general fault
of the times, not restricted by any means to engineers:
but one of which they are also guilty, is the lack of 2
feeling of responsibility on the part of the individual. It
is an entirely too common a procedure to shift respoﬂ-"i'
bility from one shoulder to another, and to get into !
habit of looking upon all mistakes as being the othe’
fellow’s fault. More effort is frequently expended finding
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Téasons why one is entitled to be excused from doing his
full duty or bearing the responsibility for a failure than
n an honest effort to meet his obligations. The mental
ha.bit of self-justification for mistakes committed is an
evidence of weakness of character.

. . Such a tendency is an outgrowth of a lack of dis-
Cipline which is manifest in our modern institutions of
all kinds—commercial, educational, and political. It, in
turn, has grown out of an abuse of the principle of per-
Sonal liberty. An extreme example is seen in the socialis-
tt‘c ldea that has been advanced in many of our cities

at one is not personally responsible for making an

Ronest living, but is entitled to be supported by the
COmmunity,

4 .szsponsibility is a cumulative quality. Coupled with
d‘SCIPI}ne it makes the individual responsible to his chief,

:lnd his chief responsible not only for himself but for

.0S€ under him. Thus it extends from the lowest to the

1ghest rank, no one being excused from its operation.
WWithout it, efficient organization is impossible.

bk One Wl:lo is lacking in this particular quality of
i 5Ly, \.N.hlch.has hel:e been called the sense of. personal
Sponsibility, is not likely to acquire the full confidence
Sarhls associat.eS. I?usiness organiza}tion makes it neces-
of yt}ihat one in an 1mportant executive position see most
s .E facts regarding the work for which he is re-
i Sible through the eyes and the brains of other men—
e Subordmat?s. .The subor'dmate, then, must be not
o })1’ accurate in_his observations, but honest and loyal
b 1S mental att1t1.1de with respect to the obligations and
SPonsibilities which rest upon him.

g !’l.'esent Tendencies.—A study of the present day
HVities of the business world shows that the place filled
feS:"g{neers is rapidly enlargir}g. The engineering pro-
andor Is passing frox.n the period in which mere design
. Construction are its so_le duties, into a much broader
ingl\and tl}e engme'cr’s influence w-ill broadeq accord-
iy He Is_essentially an economist, an adjuster of
. ess relatxons. and investments. Commissions for
b alsals, valuations and public management are call-
mgk;T‘Ore and more for engineering services, and in turn
B Ng the engineer more of an economist and business
ager,

It is gratifying to note this tendency on the part of
Solltters. to qualify for business administration. It is
o g{'atlfym.g to note that the public is beginning to
ntlgmze their worth. Some notable examples have re-
Y occurred of the public confidence in the ability of
integ:li%meer to administer .big business affairs with surer
ok hy and greater efficiency than can be expected
ayt§ the'usual political administration. The City .of
Man, N, Ohio, has recently created the office of City
the Pgel‘, and oﬁereq Col.. Goethals, Chief Engineer of
e tanama Cax}al Lommlsslpn, a salary of $25,000 a
engin: take the job. He declined their offer, but another
$15 oer was appointed to the position at a salary of
tl’ac’ts 0. The City of Ottawa has recently made a con-
engi With Sir Alexander Binnie, the well-known English
fieer, whereby it turns over to him for the remark-
str:ti ee of $400,000 the er.xtire engineering :_md admin?-
o Ve control of the design and construction of their
Posed $_8,ooo,ooo waterworks system. The point to
infeiemphasxzed here is not the big fee, but the evident
en‘in:Ce. that the city recognizes the advantage of an
brig ering admmfstratlon over a political one. Leth-
mieg the first city in Western Canada to adopt the
N mm;ssfon form of government, has just elected three

Ssioners, all of whom are engineers.

engi
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““A former mayor of the City of New York, in testi-
fying before a legislative committee, made the statement
that if he were to be confined in his selection of heads of
departments to men who could assume their duties and
be prepared at once to administer the work of the several
departments efficiently without devoting a considerable
part of their term of office to learning what was expected
of them, he would be obliged in a large .proportion of
cases to name civil engineers.”’*

Public sentiment is steadily growing more favorable
to the engineer in respect to his appointment to respon-
sible public positions. This sentiment is being aided by
the various engineering organizations of the country,
especially by the American Institute of Consulting En-
gineers, which has been conducting an active campaign
along this line. Evidence of the betterment of conditions
affecting the opportunities open to engineers is also seen
in the great increase within recent years of the numbers
of engineers holding positions of administrative and
executive responsibility with railroad companies, and with
other big business corporations. A few years ago en-
gineers were not considered practical enough to fill such
offices as that of business manager or president. Now,
scores of them are held creditably by engineers.

Another fact bearing on this point is the vast in-
crease in the last few years of the amount of construc-
tion work done directly under the direction of engineers
instead of the old-time ‘‘practical’’ contractor. Notable
examples are the Panama Canal and the Los Angeles
Aqueduct. The prejudice which formerly existed against
engineers and kept them out of the business side of con-
struction has so far disappeared that nearly all the big
contracting firms are either entirely controlled by en-
gineers or depend largely upon engineering advice for
guidance.

All these are favorable symptoms and tend to broaden
the scope of the engineer’s opportunities. In recognition

of the demands for competent engineer-managers, some .
_of the engineering schools, notably the Massachusetts

Institute of Technology, are offering courses in engineer-
ing management to prepare engineers for executive posi-
tions. Let us hope that a healthy progress in this direc-
tion will continue and that engineers will prove them-
selves able by demonstration to refute the criticism that
they are lacking in practical business sense.

Citizenship.—Coming now to the last of the three
criticisms—that the engineer is too little interested in the
welfare of the community, or of society, there is much
to be said.

Modern progress is to a large extent a monument to
the engineer. He, more than any other class of men,
has been responsible for the marvellous advance made
during the past century. Means of transportation and
communication and the development of power, are the
chief factors in creating modern conditions and these are
largely the work of engineers.. This being the case, why
do engineers occupy a position of so little prominence in
the conduct of public affairs? The number of engineers
who have become notable for their activities and influence
in the political and social affairs of their country is few,

deplorably few, in comparison with the importance of °

the engineer’s work in modern civic life.

One reason, of course, is that they are usually em-
ployed temporarily for a specific piece of work and when
it is completed they move on to something else, thus ob-

*Extract from an address by Dr. N. P. Lewis,

add.Am.Soc.C.E., on ““The Engineer as a Professional
an.”
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taining no material footing or interest in a community.
This is more generally the case than it should be. It
leads to the complaint among engineers that they do not
receive due praise and credit for their work. What else
is to be expected when they are so quick to fade into the
background and leave the lawyer and the politician not
only to manage the works they create, but to mould and
direct public thought.

The expenditure of public money is an important
part of the administration of public affairs. Itis notorious
that large sums of public money are squandered on great
public works because they are done in an inefficient and
uneconomical way. Engineers see and recognize this
more than other men. I do not mean to convey the idea
that it devolves upon them to do routine professional
work for the public without compensation, but a lively
interest and a properly directed influence may do much
to correct the evils. Their judgment should be a much
more prominent factor in moulding public affairs. What
is needed is a habit of mind among engineers that will
cause them to take an active part in all public questions
where their knowledge and experience will enable them
to contribute to the common good. Let them advise the
legal profession and the legislator in forming laws gov-
erning public utilities and guarding the public health.
Let them become leaders in the affairs of their govern-
ment and promote the highest efficiency in its work.. The
influence of the professional man—the man with the right
professional spirit—is needed in the direction of public
affairs as well as in corporate management. The profes-
sional spirit is essentially the sense of trusteeship. The
professional man takes in trust the affairs of his client.
It is closely akin to what I have called the sense of per-
sonal responsibility.

The great problem of the twentieth century is a
social problem. The manifest tendency of the times to
put more and more power into the hands of the ignorant
and uneducated, while being done in the name of personal

- liberty, is endangering the high standards and efficiency

of our institutions—a tendency towards deterioration.
The engineer’s training should enable him to see things
as they are, to see through the shams of socialistic
theories that profess to offer a cure for all the ills that
society is heir to.

I close with this sentiment: ‘‘To look upon politics
and public service with contempt and disgust indicates
neither intelligence, wisdom, nor patriotism, but rather
ingratitude and a low order of citizenship. Your country
net.:ds your very best judgment upon public questions.
Th1§ is not a mere privilege, it is a duty you owe the
nation in return for the benefits of citizenship.”’

—-_——

The Scottish District of the Institution of Municipal and
County Engineers have been'discussing the problem of road
construction, and considering in particular the question of
laying down some experimental stretches with different
methods of construction, so as, if possible, to obtain data
showing the methods that are best suited to the climate and
the traffic. Experimental road sections are to be laid down
in ten different places, and in each place eight different
forms of construction are to be employed contiguously. So
far as possible materials obtainable in the vicinity will
be used, the binding materials will be uniform, and the
gradients will be practically similar. In addition, the
methods of construction will be simple and cheap, and quite
applicable, so far as cost is concerned, to the districts in
which the experiments will be carried out. Periodical ex-
aminations of the road surfaces will be made, the wear and
tear noted, and records of the climatic conditions kept.
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U.S. IRON AND STEEL INDUSTRY, 1913.

in 1913 is estimated by E. P. Burchard, of the
U.S. Geological Survey, to have been between
58,000,000 and 60,000,000 long tons. This esti-
mate is based on preliminary reports from 25 of the
largest iron-mining companies, which represent .the
principal iron-producing districts and whose C(_)mbmed
output is about 817% of the total iron-ore mined in 1912.

The average increase in output shown by these 25
companies was 8% over that for 1912, and if thi§ ingrease
should be maintained by all the iron companies in the
United States the total output of iron ore for 1913 should
reach 59,500,000 long tons. At any rate, it appears al-
most certain that the former high record of iron ore
mined, §7,014,006 long tons in 1910, has been surpa.ssed
in 1913. The reports received for. 1913 showed consider-
able variation in the percentage of changes in output
compared with 1912, the maximum range being from a
decrease of 36% to an increase of 567%. These apparer}tly
wide variations were evidently due to conditions affecting
particular companies rather than to general or even local
conditions of the iron-mining industry; moreover, th.ey
concerned, for the most part, the operations of companies
whose production is not sufficiently great to affect largely
the grand total tonnage.

In Lake Superior district, where 857% of the domestic
iron ore is mined, the increase in production corresponded
closely with that of the United States in general, or
about 8%, thus indicating a total production for that
district of about 50,000,000 long tons, compared with
46,368,878 tons in 1912. The year 1913 is therefore a
record year for production and shipments in this district
also. The preliminary figures indicate that the shipments
of Lake Superior ore by water will exceed 49,000,000 long
tons, which, together with the all-rail shipments of more
than 800,000 tons, brings the figures for total shipments
of Lake ore very close to the tonnage of ore mined and
indicates that not much change has occurred in the stocks
of ore at the mines in the Lake district. These stocks
amounted at the close of 1912 to about 9,500,000 long
tons of ore.

THE quantity of iron ore mined in the United States

In the Birmingham district, Alabama, the produc-
tion of iron ore in 1913 as indicated by the preliminary
returns was about 10% greater than that for 1grz. In
Tennessee there was apparently a slight decrease and in
North Carolina a slight increase. New Jersey and New
York both showed slight increases, while Pennsylvania
showed a slight decrease. In the Rocky Mountain dis-
trict of Wyoming, Colorado, and New Mexico there was
a slight decrease.

The types of iron ore produced commercially con-
sist of red and specular hematite, brown ore, magnetite,
and siderite, or spathic ore. Hematite constitutes about
go% of the output. Only a very small fraction of 1% of
the output is siderite, the production of brown ore an
magnetite together constituting nearly 107% of the total.

-

ELECTRIC RAILWAYS IN CANADA.

There are in operation 1,308 miles of electric railways
of the first class, main track; second class, main track, 205
miles: siding and turnouts, 121 miles. Total single track,
1,724 miles. The capital involved is $122,841,046, according
to a Government report. The revenue collected for the year
was  $23,400,250, while the working expenses for the year
were $14,266,674. The additions made to the capital during
the last five vears approached $50,000,000.




February 12, 1914.

CENTRIFUGAL

THE CANADIAN ENGINEER 323.

PUMPING MACHINERY

ABSTRACT OF INTERESTING PAPER ON THE GENERAL CHARACTERISTICS,
POSSIBLE SERVICE, METHODS OF OPERATION AND LIMITATIONS OF CENTRI-

FUGAL PUMPS, READ BEFORE OTTAWA BRANCH CAN. SOC. C.E., FEB. 12, 1914

T is not my intention to deal in this paper with
the hydraulic design of centrifugal pumps, but
rather to endeavor to point out the general char-
acteristics of these machines with reference to the best
t)'pe. of pump to use for a particular duty, to note the
Services for which these pumps are specially adapted, to
8lve some description of the more general methods of
i OPeration, and to describe the limitations of this class of
! Machinery in actual practice.
Characteristics of Centrifugal Pumps.—Centrifugal
PUmps  (and under this heading are included turbine
Pumps) are regulated by the following general laws:

+ I. The quantity discharged by a pump, when run-
th § at constant speed, varies with the total head against
cae Pump. (By “‘total head” we mean the head from all
uses, including suction lift, delivery head, and head
cile to friction in the piping.) If the total head be in-
iveased (the speed being kept constant) the quantity de-
e ¢red will be decreased; and conversely, if the head be
Uced, a greater quantity of water will be discharged
y the pUmp.
2. The efficiency of a pump running at constant speed
€S with the output, and will reach a maximum under
isce”a{n condition of head and discharge. A pump which
Tunning at this point is said to be giving normal out-
B, Of any given speed, there is a definite maximum
8 Sible head which the pump can overcome, and the
fmal output is nearly always a little below this point.

Varj

These general laws have limitations. For instance,
e: mSIde?. of the impeller are revolvi.ng in what is generally
pelleed- dead water,” and hence if the speed of the im-
amor IS Increased, the disc f.rlctxo_n is increased until the
largunt of power absorbed in this manner becomes too
Pume A Proportion of the total power absorbed by the
num&, Wl.len this occurs it is necessary to increase the
into thr of impellers in the pump. One impeller dehyers
“urnbee next and so on, the head being obtained in a

r of stages.

OesIn addition, care rr}ust be taken that ‘:cavitation”
sllctionOt occur, Cav1tat1qn may.take place. either on the

B N side or on the delivery side of the impeller. _The
Magh; of cavitation is gem.arally overload on the dr1v1qg

ri()une and unstable delivery by the pump, and in

Ak 2 ?aSes.the pump vyill stop working. altogether. On
tion l?fc'ﬂoq side, cavitation is caused ?hmeﬂy l_)y the suc-
delivert be:mg carried beyond the practical limit. Qn the
Pum Y side, it is most often met with in centrifugal
genegs With guide-vanes, (i.e., in that class of pumps
is o Aly known as turbine pumps). In these pumps it

egenerally due to badly designed guide-vanes, or to
i egggp being used to deliver a quanfity of water fa}r
deSigned? of the normal output for which the pump is

unnf:“rV? No. 1 gives the variation of head and
t ity in a pump running at constant speed. This
Curve is generally called the ‘‘characteristic

By J. W. W. DRYSDALE, Jr., B.Se.,
Director Drysdale & Co., Limited, Yoker, Glasgow, Scotland.

curve’’ of a centrifugal pump, and is the most usually -

adopted method of showing the performance of a pump
graphically. The actual curve shown is one selected at
random from a number of test curves, but for conveni-
ence we have called the point of normal output 100, so
that the quantity delivered, head, efficiency, and brake
horse-power for any other point of operation may be
read off as a percentage.

Taking, therefore, the normal point of the curve as
00, then at 75% of the normal quantity, the head is
106% of the normal head, the efficiency is 97% of the
normal efficiency and the b.h.p. is 84% of the normal
b.h.p.

At 75% of the normal head, the quantity is 130% of
the normal quantity, the efficiency is 85% of the normal
efficiency, and the b.h.p. is 112% of the normal b.h.p.

From this curve, which may be taken as being typical
of a well-designed centrifugal pump, it is seen that a
good efficiency can be maintained over a wide range.
Thus the capacity can be varied from 70% below normal
to 120% above normal with a fall of only 5% in the
normal efficiency. On looking at the b.h.p. curve, we
see that the maximum possible power taken by the pump
is only 177% greater than normal. This being so, it fol-
lows that a reasonably well-built motor will be capable,
running at constant speed, of taking charge of any duty
which the pump may be called on to perform at that
speed. My firm have frequently built pumps in which
there was practically no overload at all, but as a rule all
that is necessary is to design the pump so that the maxi-

mum overload does not exceed about 10% to 15% or

even 20%, as any motor with a good rating will stand
this overload without damage.

An important point to notice in connection with cen-
trifugal punps (and this may also be observed from the
curve) is that there is no possibility of damage to the
pumps in event of the delivery valve being closed during
pumping operations. Thus, on the curve shown, when
the valve is closed the pressure is only 92% of the normal.

While the curve shown may be taken as being typical
of a well-designed centrifugal pump, it is also possible
by suitable modifications in the internal design to alter
the features of this curve to suit particular requirements.
Thus pumps can be built in which the variation of the
quantity with head is large, and others with small varia-
tion, but pumps with large variation of quantity are
susceptible to a heavier overload than those with small
variation. It is not possible to combine maximum quan-
tity variation with minimum overload, but while minimum
overload can only be combined with moderate quantity
variation, a very fair compromise can be effected in
practice. It is often necessary to design pumps with
a special characteristic to suit certain specified conditions.
Thus, in the case of graving docks, the head generally
varies from zero to maximum, while the dock is being
pumped out, but by suitable design of the pumps the
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power can be kept approximately constant throughout
the operation with the motor running at constant speed.
The driving motor is thus running economically during
the whole period of pumping, and the size and cost of
the motor reduced to a minimum.

I have confined myself in these remarks on the
characteristics of centrifugal pumps chiefly to the ques-
tion of constant speed operation, because in Canada
mast of the electric current supplied is alternating, but
a few remarks on the operation of centrifugal pumps at
variable speeds may not be amiss.

To illustrate these remarks I have plotted curve No.

2 from actual test results. The first point to notice is that

the speed of a centrifugal pump varies as the square root
of the head and as the quantity delivered. ~The curve
marked “‘normal,”’ drawn through the points of maximum
efficiency at each speed, is a parabola. Similar curves,
the points on which all represent equal efficiencies, can
also be drawn.
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QUANTITY OUTPUT.
Fig. 1.—Characteristic Curve of Centrifugal Pump at
Constant Speed.

Suppose a centrifugal pump is working at the point
G, i.e., delivering 2,350 gallons per minute against a
total head of 37 feet at a speed of 650 r.p.m., the ef-
ficiency being 78%. Now, suppose the speed is kept
constant and the head is reduced to 3o feet, it will be seen
that the quantity is increased to 2,750 gallons per minute
and that the efficiency taken on the parabola has dropped
to 70%. Now, suppose that instead of keeping the speed
constant we reduce it till we get the head required, and
we find that in doing so the quantity delivered has be-
come reduced to 2,150 gallons per minute at the point H.
The efficiency remains the same as it was at G. (In cases
where the head is very greatly reduced this is qualified
by the fact that the blade angles of the impeller are not
quite correct for the lower speed.)

Now, suppose we are told that we must have the
same quantity of water as before, but with the head re-
duced to 3o feet. Drawing the constant speed curves
through the point H (i.e., the point where we had both
the head and quantity reduced) and through the point K
(i.e., the point where the head is reduced and the quantity
remains the same as before) we find that we must now
increase the speed by an amount, | K, or starting from
the point G, the speed must be reduced by an amount K L.

The point M was where we got to by reducing the
head at constant speed. The point K is where we get
to by reducing the speed, keeping the quantity constant.
It can, therefore, be seen that the most economical way

to work under a varying head is to vary the speed, since
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the point K -represents a better efficiency than the point
M. Further, the additional quantity of water obtained
at constant speed when the head falls, may not be de-
sired ; but if it is, then there is no object in varying the
speed; should the additional quantity of water not be
required, the balance of head can be made up by partial
closing of the sluice valve, but the head taken up in the
sluice valve represents that much wasted power.

Range of Application of Centrifugal Pumps.—Cen-
trifugal pumps may be used under almost any conditions
where it is necessary to deal with liquid or semi-liquid.
There is such a wide range of uses that we will readily
recognize that there must necessarily be a considerable
variation in design between the various types of pump.
Thus, where there is only a small percentage of gritty mat-
ter in the liquid to be dealt with, it is only necessary to
make certain wearing parts of the pump easily renewable,
but when the liquid contains a considerable amount of
solid material of an abrasive nature, it is usually necessary
to build a pump which is lined either partially or wholly in
the interior. There is a good deal of divergence in the
design of various makers of dredging pumps, and the de-
signs of dredging pumps by the same maker will also
vary according to the nature of the duty to be performed.
Sometimes it is only necessary to line the pump at the
sides, the volute being unlined, while it is often im-
perative to fit the whole interior of the pump with liners.
There are duties where liners of the best manganese steel
become worn through in a few weeks, so that it will be
seen how necessary it is for a pump working under these
conditions to be totally lined throughout.

Lay-out of Centrifugal Pumps.—An important point
to notice in connection with the lay-out of pumping
schemes is that hot or gaseous liquids should flow into
the pump by gravity. When a pump is working on 2
suction lift it creates the vacuum necessary to overcomé
the suction lift. If, therefore, a liquid with temperatur€
approaching the boiling point at atmospheric pressure
has the pressure on it reduced on account of the vacuum
created by the pump, the liquid will tend to vaporize, and
if sufficient vapor gathers the pump will stop working:
It should also be noted that the higher a place is above
sea level, the less the atmospheric pressure becomes, and
consequently the possible suction lift of the pump is rée-
duced in proportion. It should also be noted that the
specific gravity of a liquid or mixture does not affect the
total head dealt with by a centrifugal pump impeller, but
it only affects the power necessary to raise the liquid
(and of course the pressure in the pump). Thus a centri
fugal pump running at a given speed would raise a liqui
having a specific gravity of 1.2 to exactly the same height
as it would raise water of unit specific gravity, but the
b.h.p. taken would be 1.2 times as great and the pressuré’
in the pump would also be 1.2 times as great.

In connection with these remarks on the lay-out of
centrifugal pumps, I am fully aware that some of the
matters touched on may seem somewhat elementary 1o
those who are familiar with this class of machinery, but
as it has frequently happened that an oversight in what
may seem a small and obvious item in the complete de-
sign of a pumping plant has been overlooked in the ge"”
eral arrangement, 1 feel that on this account and for the
benefit of those who have not been in touch with th®
class of work, I am justified in elaborating these matters:

In order to make the suction lift as small as possibles
centrifugal pumps should be placed as close to the waté
as possible. ~ Where there is a suction lift, the pipes
should be as short and direct as possible, and should
always incline upwards to the pump. If this is not P
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sible they may be horizontal, but they should never dip

Ownwards as this may allow air pockets to be formed
With consequent unsatisfactory working. I have come
aCross cases where air pockets have been unavoidable,
and it has been necessary to keep the highest point of the
Suction pipe in communication with a condenser or
Vacuum pump. As a rule it is not advisable to exceed a
Suction life of 20 ft. including friction, but where it is
Necessary to go beyond this, the suction pipe line should
be tested to a pressure of 30 lbs. per inch and should be
absolutely tight under this pressure. It should be re-
Membered that the effect of air in a centrifugal pump is
to reduce the quantity of water delivered.

Suppose a volume of air, Vo, obtains access to the
Suction pipe, then at a pressure P this volume becomes
Po
V = Vo — where Po is the pressure when volume is
B
Vo. As the orifice in the pump is fixed, then when work-
INg at constant speed, if solid water is being dealt with,
€ volume delivered against a given external resistance
as a given value, but if air is also present then the
Volume is reduced by V (the volume of air at the given
Point of minimum pressure). It follows, also, that as
€ characteristic is developed from zero quantity to
Maximum quantity the vacuum will increase so that the
"esult generally is a reduction in the equivalent orifice
Ue to the greater expansion at higher vacuum and in-
Creased ajr quantity, The effect is shown graphically on
surve No. 3 and it can be seen how serious this trouble
Comes at the larger quantities. The ultimate result of
XCessive air leakage is that the water column becomes
i‘;ok.en on the suction side and the pump will stop de-
heermg. . Where the water flows into the pump under a
% da‘_i, if it is impossible to avoid loops or pockets, it is
Visable to place an air cock at the highest point of the
Ocket to release the accumulated air.

e

The speed of water in delivery pipes should not ex-
sh about 500 ft. per minute unless the pipe line is very
fuort. It frequently happens that the output of a centri-
b 8al pump with a certain size of delivery or suction
s':anch_is much too great for the pipes to be made the
tame Size as the branches. In such cases it is advisable
0 fit taper pipes next the pump branches. The length

0 make these taper pipes to give the best results is

Ceed

8iven by the formula
D—d
Length — , approximately equal
2 X 0.12
to 4 (D — d)
Where D = diam. of large end in inches

d = diam. of small end in inches
0.12 = constant representing tan 6° 50
(This angle of about 7° has been found by experi-
Ot to be about the best for water.)
here centrifugal pumps are working on a suction
S necessary to charge them (and the suction pipe)
Water. There are two methods of doing this:
Suet; 1) T? withdraw the air from the pump casing and
fill l°n.PlPe, thus causing a vacuum which becomes
¢ with water from the suction tank or sump.
(2_) To place a foot-valve at the bottom of the suc-
Pipe and fill the pump and suction pipe with water.
e]'ectAs €xamples of the ﬁrst method we have the steam
Wateor » compressed air ejector, and ejector operat.ed by
the ‘; .A“}’ of these ejectors may be used according to
th Cilities offered. The ejector is generally placed on
tion oD of the pump casing and when the pump and suc-
Pipe have become filled with water the steam, com-

iyl

life 34 ;
With

ﬁOn

THE CANADIAN ENGINEER 325

pressed air, or pressure water is shut off and the centri-
fugal pump started up. The air in the suction pipe and
pump may also be withdrawn by means of a vacuum
pump. This is operated by hand or power according to
size. In the smaller sizes of centrifugal pump, the air
pump is often attached to the pump bedplate but in the
larger sizes where power is required it is generally made
an independent unit. In the case of intermediate sizes,
it is sometimes driven from the centrifugal pump spindle
by means of a belt or chain.

In the second method, the foot-valve should be
placed sufficiently far below the surface of the water to
ensure that ‘‘solid”’ water is obtained under all condi-
tions of pumping. Where pumps are charged by means
of a foot-valve there is another point which it is import-
ant to notice. Suppose a pump is running and the driv-
ing motor stops suddenly, due to the blowing out of a
fuse or from some other cause, then if the pump is fitted
with a foot-valve the column of water in the delivery
pipe drops down and closes the valve. It can be readily
understood that in cases where the static head is con-
siderable, the pressure caused by this column of water
being suddenly brought to rest may become very great,
and as the pump casing is generally weaker than the
pipes on account of its larger diameter, there is great
danger of the pump being burst and destroyed. It is,
therefore, necessary where the static head (including
suction) is greater than 30 or 4o feet, to fit a check valve
on the delivery side of the pump. It is often handy to
fit this valve with a by-pass which can be opened for the
purpose of charging the pump.

The design of the foot-valve selected should be such
that the flap can be easily raised by the centrifugal pump,
as if the flap is too heavy the valve does not come fully
open and the pump will not deliver its full quantity. In
fact, cases have occurred where the centrifugal pump
could not open the valve at all on account of the ex-
cessive weight of the flap. Foot-valves should always be
chosen so as to give a clear area through them at least
equal to the area of the suction pipe. In large sizes foot-
valves, where used, are generally of the multiple flap
type, though it is usual to employ one of the other
methods of charging for large centrifugal pumps.
Strainers are nearly always fitted to the suction pipes,
and these should always be of large area.

Some Types of Centrifugal Pumps.—Centrifugal
pumps may be broadly divided into three different classes,
according to the head to be pumped against, and I shall
give some illustrations showing variations of these
classes.

Class I.—Ordinary centrifugal pumps for heads up
to about 150 feet.

Class II.—Twin series centrifugal pumps for heads
up to about 300 feet.

Class III.—Turbine pumps, i.e., centrifugal pumps
having fixed guide blades in the pump casing and suitable
for pumping up to the greatest heads.

In cases where the suction lift would be too great
for the pump if placed on the ground level, or where on
account of the expense of excavating a larger well, or
where on account of risk of flooding it would not be
advisable to place the motor down along with the pump,
vertical spindle pumps are adopted. Thus, where sewage
has to be pumped, the liquid should flow into the pump
by gravity, as gas is given off more freely in a partial
vacuum, such as occurs in a pump working with a suc-
tion lift. In these cases the motor is kept on ground level
and the pump spindle is connected to the motor spindle
by means of vertical shaft fitted with suitable intermediate
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guide bearings. The weight of the motor spindle and
armature is taken by the motor thrust bearing, and a
common way to support the vertical shaft is by means
of a thrust bearing contained in the cast iron steel sup-
porting the motor. A flexible coupling is generally fitted
between the motor spindle and the vertical shaft and
sometimes also between the vertical shaft and the pump
spindle. Where this is done it is necessary for the pump
to be provided with a bearing to take the weight of the
pump spindle and impeller, but where the lower flexible
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coupling is discarded and solid coupling fitted, the weight
of the rotating parts of the pump is taken by the thrust
bearing in the motor stool.

In cases where there is a very considerable rise and
fall in the level of the suction water, say, greater than
20 to 25 feet, where there is a difficulty in charging the
pump, or where for the sake of convenience it is ad-
vantageous to do so, the vertical spindle pump may be
totally submerged. In such cases the pump is fitted with
bearings of lignum vitae which are lubricated by the
water, and any of the intermediate bearings which are
likely to become submerged are also fitted with lignum
vitae and arranged with a water service for use when
these bearings are not submerged. With submerged
pumps, the lower flexible coupling is done away with.

With all vertical spindle pumps, it is most important
that the foundations and floor are rigid so as to prevent
any possibility of relative movement between the pump
and the motor. It is, of course, essential that the shaft-
ing be properly aligned. As my firm have built vertical
spindle pumps having shafts up to eighty feet long it can
be readily understood that there is a considerable range
for pumps of this type.

Then, there is also what is termed a ‘‘multi-rotor”
pump. One of these pumps recently built had six im-
pellers all on the same shaft. When driven by an ex-
haust turbine at a speed of 2,500 r.p.m. it delivered 8,000
gallons per minute on a total head of 25 feet. Each of
the six impellers passes its share of the water against 25
feet head, the water being split up in this manner to en-
able a high speed to be obtained on low head with a
large quantity of water, thus making the turbine drive
practicable. The pump casing is horizontally divided so
that the whole of the inside of the pump can be inspected
by lifting off the top half. Special diffuser pipes are
fitted on the suction and delivery in order to maintain a
good hydraulic efficiency.

Volurmie 26.

Twin series pumps consist of two centrifugal pump
casings bolted together. The first pump delivers into the
second and thus for a given speed double the pressure is
obtained from a twin series pump as compared with a
single pump. In some cases, it is found more convenient
to have a motor between two single pumps, one at each
end of the bedplate, and by a suitable arrangement of
piping and valves, the pumps can be put either in series
or in parallel. This is an excellent arrangement where it
is desired to have pumps suitable for either domestic or
fire service as required.

The pumping plant supplied for the City of Edmon-
ton, Alberta, is an example of twin series pumps. There
are two sets of twin series pumps, each driven by an
auto-synchronous motor of 850 b.h.p. at goo r.p.m. Each
pump, when working by itself, gives an output for do-
mestic purposes of 10,000,000 gallons per day (say, 7,000
gallons per minute) against a pressure of 110 lbs., and
when the two pumps are put in series, the combined out-
put of the plant for fire purposes is 7,000 gallons per
minute against a pressure of 160 lbs. The pump casings
are fitted with gunmetal liners to prevent corrosion, the
pump covers are fitted with impeller bearing rings, the
impellers are of phosphor bronze, and the spindles are of
nickel steel fitted with gunmetal sleeves.

In ordinary centrifugal and twin series pumps it is
most important that the pump volute should be properly
designed in order to reduce the speed of the water after
it leaves the impeller in such a manner as to get the
greatest efficiency from the pump, and, of course, the im-
peller has to be designed so as to give the water the cor-
rect velocity (including the correct direction) both at
entry and at exit. In the case of turbine pumps, the
water, when it leaves the impellers, is taken charge of by
fixed guide vanes. These guide vanes must not only
have the correct angle for the water leaving the impeller,
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but they must also be of sufficient radial depth to ensuré
that the proper amount of velocity is converted int0
pressure head. If the guide ring is too short there will
be a loss of efficiency due to the water not being suf-
ficiently slowed down before passing from the vanes.

on the other hand, the guide ring diameter is made very
large, the weight of the pump (and hence the price) be-
comes excessive, and a compromise has to be struck, the
practice varying according to the ideas of the respective
manufacturers. Guide vanes are generally made of hard
phosphor bronze, or some other similar material to pre-
vent corrosion. When guide vanes become worn, the
efficiency of the pump falls and as the vanes introduc€
an additional element of wear in the pump, where the
head is not too great twin series pumps may be used with
advantage since they have no guide vanes and can be
made with practically as good an efficiency as the tur*
bine pumps.




February 12, 1914.

The impellers of multi-stage turbine pumps are gen-
erally of the single suction type. The most common ways
of taking up the end thrust are by an automatic hydraulic
balancing device or by a mechanical thrust bearing.

here the water to be pumped is clean, the hydraulic
halancing device works very well, but where the water
IS gritty a good deal of wear takes place, and it is often
ound advisable to use the mechanical thrust bearing
Which very often takes the form of double-acting ball
thrust bearing on the end of the pump shaft. Most
yd{'aulic thrust bearings are built on the following lines:
disc which may be termed the piston is attached to the
Pump shaft inside the casing between the impeller of the
aSt stage and the delivery gland, and this piston has a
Small chamber behind it. On the side nearest the impeller
€ disc has a working face corresponding to a similar
4Ce on a distance piece attached to the pump casing.
f the pressure in the last stage is greater than the
Pressure hehind the piston, the faces tend to move apart
ad the pressures are equalized and vice versa. This
automatic regulation, based on difference of pressure,
fan, of course, be carried out in a number of different
Vays, and where the water in the pump is clean it has
Proved very satisfactory.

An example of this type of pump is the installation
3t Renfrew, near Ottawa. This pump is a 12-inch one,
Vith four impellers, and is driven by a water turbine.

€ pump casing is sheathed with bronze, impellers and
Slide vanes are of phosphor bronze, and the spindle is
Ef Nickel steel sheathed with gunmetal. Automatic
bg'dralﬂic balancer is fitted. Flexible coupling is fitted

tWeen the pump shaft and the turbine shaft. Some
:Sts taken on this pump a fortnight ago, after about 18
‘onths’ operation, show that at the required speed of
g?o L.p.m., the quantity delivered is fully 107% in excess

that called for by the specification, and the head
Mped against 4 Ibs. higher than the guaranteed figure.

luh .Tuxzbine pumps driven by a compound enclosed forced
a rlcat_lon engine through double helical gearing, con-
Ned in gear box, are coming into greater favor. A
5 O-stage pump of this kind, built recently for a head
4 400 feet, runs at a speed of 1,200 r.p.m. The engiqe
intls at 400 r.p.m., the gear ratio being 1 to 3. This is
resting, as showing how a suitable pump speed may
Obtained from a slow-running steam engine, or from
l.nadélter turbine where low head limits the speed. Well-
Shou double helical gears contained in gear boxes have
wn themselves to be thoroughly reliable, as indicated

€ Increasing extent to which they are being taken
pelleor marine propulsion, enabling the turbines and pro-
Spa. S Tespectively to be run at their most economical
flllly S, and well-designed gears of this type are wonder-
high.q‘“et' So far as I can judge, helical gearing for
adg, tspeed machinery does not appear to have been
i V£ €d extensively in Canada, but I have no doubt that
itg B, ﬁnd.considerable favor. i.n the future on account of
Wor "'Venience and adaptability where it is difficult to
“’hereuz dl_rect-cogpled pumps, and particularly in cases
Woulq’ if dlre_ct-dnven, the low speed of the driving motor
Necessitate the supply of a large and costly pump.

: —e———
& The Canada Cement Company announces that, owing to
forgy 0ull-rles's of business, they have decided to close down
&lrthe § thel.r plants for the balance of the year 1914, or until
Ong, rLDOtlce. The plants affected are those at Marlbank,
Al akefield, Ont., Shallow Lake, Ont., and Calgary,
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COAST TO COAST.

Guelph, Ont.—Last year’s receipts to Guelph from the
Guelph Junction Railway earnings, amounted to $42,000.
compared with $34,850 in 1912.

Stratford, Ont.—The annual statement of the Stratford
Light and Heat Commission shows a net surplus for 1913 of
$10,218.35 on the account of the civic operating plant.

Galt, Ont.—In January, the Galt hydro-electric depart-
ment made 88 new installations of service. The total num-
ber of hydro power consumers in that municipality is now
considerably over 1,600.

Stratford, Ont.—The report of the Perth county engineer,
Mr. John Roger, for the year 1913 shows an expenditure of
$25,502.63 spent in road construction, including draining; on
bridges, $5,744.02; for machinery, $3,135.77; for county
road superintendent and foreman, $2,133.35, making a total
of $36,585.77.

Prince Rupert, B.C.—The floating drydock for the G.T.P.
Railway and Steamship Company, upon which construction
is commencing at Prince Rupert at a cost of $3,000,000, wi
have a lifting capacity of 20,000 tons, according to the plan
furnished by William T. Donnelly. These also show a struc-
ture so designed that it is capable of operating in sections
as a number of smaller docks.

Berlin, Ont.—The two electric pumps for the Berlin
waterworks system have been installed, and are giving sat-
isfactory service. They have a capacity of 800 gallons per
minute, or 1,152,000 gallons per day, and are designed to
pump against a head of 200 pounds. The pumps were manu-
factured in Zurich, Switzerland; and are connected with a
gasoline engine to be used in case of emergency.

Vancouver, B.C.—Up to the end of 1013 the expenditure
bv the Greater Vancouver Joint Sewerage Commission
amounted to $48,374.04, according to the statement issued
by Mr. Frank Bowser, chairman of the board. It is expected
that the expenditure this year will exceed a quarter of a mil
lion dollars. Also, steps are being taken to change the name
of the board to the Vancouver and District Joint Drainage
Board.

Victoria, B.C.—The auditor-general’s report for the first
six months of the current fiscal year, April 1 to September
30, was presented to the Provincial Legislature on January

22nd. The total expenditure for these months was $10,020,-
102.10, and included the following as some of its items;:—

Works and buildings, $1,202,680.28; roads, streets, bridges,
and wharves, $3,115,787.19; subsidies to steamboats, ferries,
and bridges, $32,077.15.

Ottawa, Ont.—A return tabled in the Dominion House
of Parliament on January 28, giving the 7th report of the
Commissioners for the demarcation of the 171st Meridian,
west longitude, stated that the field work in connection with
the whole survey in the Yukon is practically finished. 202
monuments mark the line from the Arctic Ocean to Mount
St. Elias, a distance of 645 miles, and a vista 20 feet wide has
been opened through all the timber.

Montreal, Que.—The annual report of the Ottawa Electric
Railway Company for the year ended December 31, 1913,
shows gross earnings of $1,041,282, an increase of $106,88s,
and net earnings of $412,160, an increase of $12,101. During
the year, a large amount has been spent in improving tracks
and rolling stock as well as other properties. ~Four short
track extensions were laid, and two sub-power stations built.
The record of the company shows an increase in 'BTOSS Te-
ceipts from $71,608 in 1802 to $1.c41,282 in 1013,
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Winnipeg, Man.—The second annual report of the Man-
jtoba Public Utilities Commission shows that in the fiscal
year ending November 30, 1913, the commission dealt with
43 formal applications, which devolved into 63 proceedings
and orders, covering almost every phase of railway, water,
light and power activities and the distribution thereof, and al-
so covering corporate rights and financing such as transfers,
increase and issue of stocks. There were also 34 separate
proceedings and orders instituted upon the commission’s own
initiative.

Swift Current, Sask.—With the completion of Swift Cur-
rent’s storage dam, itis believed that the town’s water supply
should be assured for years to come. At least 80,000,000
gallons are now conserved for city purposes, and in addition
a liberal supply is reserved for the use of the C.P.R. amount-
ing to 3,500,000 gallons daily. The supply is obtained from
the Swift Current Creek, which rises in the Cypress Hills to
the south, and according to Government chemists is ot un-
surpassed purity and of a degree of softness that makes it
especially suitable for manufacturing purposes.

Chilliwack, B.C.—The new concrete sluice has been in-
stalled and is in operating order at the Chilliwack pumping
plant. Considerable trouble, due to quicksands, was experi-
enced by the contractors for the work, Love Bros. & Shirley ;
but the difficulty was met by the driving of piles on both
sides of the Semiault river, both above and below the gates.
The bed of the river below the gates is also to be lowered
and widened to the depth of the bottom of the Chilliwack
river. This will minimize the danger of the bed of the Semi-
ault filling up and rendering useless the automatic gates.

Ottawa, Ont.—The main estimates of expenditures by
the Dominion Government for the coming fiscal year call for
a total vote of $100,735,176. When the supplementary esti-
mates have been added to this amount, it is expected that the
total will exceed considerably the total estimates of last year,
$202,656,166, of which the main estimates amounted to $179,-
152,183. In main estimates, this year shows an increase of
$11,582,003. And it is expected that, with appropriations by
special statute to be added, the grand total of expenditures
authorized by Parliament will reach the quarter-million mark.

Saanich, B.C.—The report of the engineering depart-
ment of Saanich has been presented by Municipal Engineer
Topp to the Saanich council. It shows surveys and estimates
in various branches of public works making a total since
March, 1913, of $507,000; while the total cost of the engineer-
ing department for the 10 months was $4,193.22, or less than
1 per cent. of the total estimates furnished. Of the various
items comprising the amount for estimates, the cost of grad-
ing a number of roads totalled $131,095; the cost furnished
on plans for water supply in the districts close to Saanich,

totalled $77,522; and the cost for drainage schemes, $s,010. -

Victoria, B.C.—The public accounts of the province of
British Columbia for the fiscal year ending March 3ist,
1913, were placed before the legislature on January 15th.
From these it is seen that the net revenue of the province
for the year was 812,510,215.08, and the net expenditure
$15,412,322.02, making a balance of expenditure over revenue
of $2,002,106.04. The revenue for the previous fiscal year
ending March 31st, 1912, was $10,745,708.82, and the ex-
penditure $11,180,024.35. In the way of expenditure in 1913,
among the largest items are: woads, streets, bridges and
wharves, $4,700,461.24; works and buildings, $2,815,648.50.

Montreal, Que.—Montreal’s 1914 programme of civic de-

. velopment provides for the laying of about 20 miles of per-

manent pavements, on central streets, and a large amount of
macadamizing on suburban streets, at an estimated expendi-
ture of about $1,500,000. The paving law which charged the
cost of paving on the proprietors having been repealed, the
city wiil have to take this amount out of the loan fund, unless

 Engineer Gaby of the Ontario Power Commission claims that
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new legislation is made by the council in the form of a local
improvement tax or some other method of financing the work.:
Besides permanent pavements, the programme provides for
an expenditure of $1,091,000 for sidewalks, $1,700,000 for
sewers and $760,000 for the aqueduct.

London, Ont.—A surplus of $36,111.14 has been reportfld
for London’s electrical department for 1913. However, Chief

5 per cent, of the capitalization ($430,362.49), or $21,710.32
should be deducted from this surplus for depreciation. Also;
equipment consisting of switchboards, converters, transform-
ers and other machinery, costing in the neighborhood of $30:
000, is now under order by the department for the purpose of
supplying the London Street Railway Company with Niagard
energy. When this amount is taken out of the capital ag
count it would appear that the department will show a deficit
of some $15,000 instead of the surplus announced.

Sinclair, B.C.—There is under construction betweel
Sinclair and Castle Mountain in British Columbia a link
60 miles of the great circular highway which forms one of the
most important features in the programme of trunk roads
for that province and will afford one of the finest scenic high-
ways for motorists on the continent. The completion of the
undertaking, for which the Canadian Pacific Railway haveé
undertaken to pay half the cost, will mean more than 590
miles of good roads always within view of the Rockies, ruf”
ning through Cranbrook and the Crow’s Nest Pass to Cal-
gary, thence continuing westward over the driveway to Ban
recently constructed by the Dominion Government.

Kingston, Ont.—The city of Kingston has in immediz}te
consideration an additional water main capacity. The 1:'01“t
of difference lies in the territory to be covered. Two sections
have been proposed; one scheme being to replace the ol
6-inch pipe on Union Street and to obliterate the dead end®
on Clergy Street, opening up a circuit of $3.225 feet of 18
inch cast-iron pipe at an approximate expenditure of 3’{3"
638.56; the other also proposing to replace the pipe on Unio?
Street, but coupling up the dead ends on West and Ba:got
Streets, and replacing the uncoated Kingston foundry PIP®
now installed on Union Street, representing a total distanc®
of 5,725 feet and an approximate expenditure of $43,036-3°

Edmonton, Alta.—There were recently in Edmonton, afte!
inspecting the country traversed by the new G.T.P. line, 22
particularly the section surrounding Willow River, Mr. °*
John, manager of the Transcontinental Towmnsite Company’
Mr. George Hartford of the Morning Inter-Ocean, Chicag?
and Mr. W. P. Hinton, general passenger agent of the G.T- %
Company. They estimated that on the Willow River there 1
enough potential electric energy to supply several cities ©
hundreds of thousands of population each, while 12 miles awd
from the town are vast beds of coal of good quality, as wel 1
other minerals, On the Willow River alone there is at least 9
000,000 feet of timber, according to Government estimates,
size and quality equalled, only by the giant trees of the 035

Toronto, Ont.—The concrete work on the bridge bem'Sr
constructed over the Walmer Road Hill ravine on St. Clm’
Avenue West, is now complete. Mr. E. C. Law, the Coﬂ_
tractor for this portion of the work states that in the fOWJdaa
tion over 800 white oak piles have been used, averaging e
length of 45 feet each; that about 6,000 cubic yards of concr® 1
were necessary for the monolithic piers; and that the 1
weight of material used in this part of the construction 5
about 10,000 tons. The structure consists of two abutme?
and 8 piers, in sections of 4 each, arched together at the t°F
The central span, running north and south, measures
feet clear between piers, while on either side is a span %
feet. McGregor and McIntyre, the contractors for the 5




February 12, 1914,

work, are now busily engaged in placing the smaller girders
0 position. This work will be continued without interrup-
tion to completion.

Regina, Sask.—Steps are being taken here with the view

' mining coal at Grand Coulee. Tests have been made as to
the usefulness of this coal, and the scientific test by Dr. W.
w. Andrews gave 10,800 British thermal units per pound of
oIy coal. It is believed that the deposits of coal in this vicin-
1ty are of considerable extent; and trial tests to discover the
Probable quantity are being made. At the point where the
Well was sunk, coal strata was 6 feet thick, and of increasing
thickness on the north side. If the deposit is of sufficient ex-
tent to warrant mining operations the close proximity of this
field 1o Regina will make it a valuable asset. Recently, a
Second seam of coal has been struck at Grand Coulee. The
ickness of this seam has not yet been tested, but it is
aimed that the coal is harder and of better quality than the
first fing, Its discovery has greatly increased the interest in
Tand Coulee coal, and further drilling operations will be

Qrried on with a view to discovering the possibilities of this
Second field,

Victoria, B.C.—The report of the Inner Harbor Associa-
_t‘°n upon the work completed last vear wgives the following
“}fOtmation :—“In the upper harbor, or basin, a large por-
tion of the bottom has now been dredged to 2o feet deep at
OW water, with berths at the Canadian Puget Sound Mills of
3 feet. The large rock, about the middle of the basin, will
Shorﬂy be removed. The lower harbor generally, where
Tedging can be done, is now 20 feet deep at low water. The
Tock on the western side of the entrance (off Behren’s Is-
land) has been removed; and the rocks off Shoal Point on
th"; €astern side of the channel, have been cut back, thus wid-
Shing the channel by about 6o feet and, to some extent,

sétrai&’htening out a very difficult turn. To the southeast of
Onghees Point, the rocks have been cut back to 16 and 20
ee? deep at low water. It is proposed to remove the re-
Mainder of the triangle to the railway bridge by contract
'?rk and the material utilized for reclamation purposes as
ginally proposed. The total amount of rock, clay, gravel
" sand removed in the harbor has been about 550,000 cubic
YQrds_n
Vancouver Island, B.C.—The construction of the initial
Portion of the substructure of the breakwater at Ogden Point
S Drogressed as far as is possible until more favorable
Cather conditions will permit of the divers laying the huge
8ranite blocks that will form the base of the concrete struc-
% « In the meantime, the contractors, Sir John Jackson,
e‘:lted, are concentrating their efforts upon the first 1,000
;¢ Of the breakwater. Upon the site of this construction,
m'aCtically three weeks of the month of December, there
e dumped 22,744 tons of rubble. In addition, at the core,
€Te were dumped 9,715 tons. On the first goo feet the stone
€en levelled up to a depth of approximately 20 feet from
Johnwater mark; and arrangements have been made by Sir
]ackson, Limited, to have the first shipment of granite
ks brought down from Nelson Island early next month.
) 'S granite has been tested at the Government Laboratory and
Wheredated to be of the most excellent quality o})taxnable any-
fon €on the coast.  All the cement to be used in the construc-
emwork on the breakwater will be supplied by the Assc::cxated
teriafm Company, a Canadian firm, and samples of this ma-
istg fo ave. bee.n tested and approved by Government specx.al-
at g T this kind of work in Canada. Also on the land su?e
rd: €0 Point, progress is shown. A!ready 6,304 leblC
Seauy (;lf m.ck have been excavated on the site where the giant
'al‘ea}? Will extend its tentacles of stone seaward. A large
Beey = been levelled off and several miles of. steel traf:k have
dﬂmp. for the operation of the steam-engines hauling the
€ars to the various parts of the site.

\
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CONCRETE ROAD BUILDING CONVENTION—
PROGRAMME.

The following is the programme of the National Confer-
ence on Concrete Road Building, which is being held on
Thursday, Friday and Saturday of this week at the Auditor-
ium Hotel, Chicago. Professor W. F. M. Goss, dean of the
University of Illinois, School of Engineering, is chairman.

Thursday afternoon session, W. F. M. Goss presiding.

Address—‘“The National Conference on Concrete Road
Building.” W. F. M. Goss, dean, College of Engineering,
University of Illinois, Urbana, Ill.

Address—‘‘Financing Permanent Roads.”’” S. E. Bradt,
secretary, Illinois State Highway Commission, Springfield,
111

Address—‘‘Can a Rural Community Afford Permanent
Roads?”’ Oliver Dunlap, president, Iowa State Supervisors’
Association, chairman, Board of Supervisors, Washington
County, Iowa.

Address—‘‘The Concrete Road System of Wayne County,
Michigan.” Edward N. Hines, chairman Board of County
Road Commissioners, Wayne County, Michigan,

Friday morning session, A. N. Johnson presiding.

Address—‘‘Development of Concrete Roads in the United
States.”” Henry C. Shirley, chief engineer, Maryland State
Roads Commission, Baltimore, Md.

Reports of committees :—

I.—*“Contraction and Expansion of Concrete Roads.’’
Chairman, R. J. Wig, Bureau of Standards, Department of
Commerce, Washington, D.C.; N. H. Tunnicliff, civil en-
gineer, Davenport, Jowa; W. A. Mclntyre, engineer, Associa-
tion of American Portland Cement Manufacturers, Philadel-
phia, Pa.

II.—*Joints for Concrete Roads.” Chairman, W. K.
Hatt, professor in charge, School of Civil Engineering, Pur-
due University, Lafayette, Ind.; George W. Cooley, state en-
gineer, St. Paul, Minn.; R. J. Wig, Bureau of Standards,
Department of Commerce, Washington, D.C.

ITL.—‘““Methods and Cost of Repairing and Maintaining
Concrete Roads.”” Chairman, Edward N. Hines, cnairman,
Board of County Road Commissioners, Wayne County, De-
troit, Mich.; J. S. McCullough, city engineer, Fond du Lac,
Wis.; F. P. Wilson, city engineer, Mason City, Iowa.

IV.—“Preparation and Treatment of Sub-Grade for Con-
crete Roads.” Chairman, Ira O. Baker, professor of civil
engineering, University of Illinois, Urbana, Ill.; A. R, Hirst,
state highway engineer, Madison, Wis.; A. N. Johnson, state
highway engineer, Springfield, IlI.

V.—“Reinforcement of Concrete Roads.”’ Chairman,
Thomas H. McDonald, state highway engineer, Ames, Iowa;
Henry E. Riggs, professor of civil engineering, University
of Michigan, Ann Arbor, Mich.; Richard L. Humphrey, pre-
sident, American Concrete Institute, Philadelphia, Pa.

Friday afternoon session Ira O. Baker presiding.

Address—‘‘Experiments with Concrete for Roads Con-
ducted by the United States Office of Public Works.”’ Logan
Waller Page, director, United States Office of Public Roads,
Washington, D.C.

Reports of committees :—

VI.—“Aggregates for Concrete Roads.” Chairman,
Sanford E. Thompson, consulting engineer, Newton High-
lands, Mass.; A. N. Talbot, president, American Society for
Testing Materials, Urbana, Ill.; W. M. Kinney, assistant
engineer, Universal Portland Cement Company, Pittsburg,
Pa;

VIL.—‘“Shoulders for Concrete Roads.” Chairman, .Maj.
W. W. Crosby, Baltimore, Md. ;. C. A. Kingsley, state high-
way engineer, Little Rock, Ark.; John H. Mullen, secretary,
Minnesota Roadmakers’ Association, St. Paul, Minn. :




330

VIIL.—¢Bituminous Surfaces for Concrete Roads.”’
Chairman, E. J. Mehren, editor-in-chief, Engineering Record,
New York City; Henry G. Shirley, chief engineer, State
Roads Commission, Baltimore, Md.; James R. Marker, state
highway commissioner, Columbus, Ohio.

IX.—“Finishing and Curing Concrete Road Surfaces.”
Chairman, F. E. Turneaure, dean, College of Engineering,
University of Wisconsin, Madison, Wis. ; H. J. Kuelling, pre-
sident, Wisconsin Highway Commissioners’ Association, Mil-
waukee, Wis.; E. D. Boyer, engineer, the Atlas Portland
Cement Company, New York City.

X.—“Economic Methods of Handling and Hauling' Ma-
terials for Concrete Roads.” Chairman, Halbert P. Gillette,
editor-in-chief, Engineering and Contracting, Chicago;
Donald D. Price, state engineer, Lincoln, Neb.; Percy H.
Wilson, secretary, Association of American Portland Cement
Manufacturers, Philadelphia, Pa.

Saturday morning session W. F. M. Goss presiding.

Address—¢‘Concrete Road Construction by the Ohio
State Highway Department.”’ James R. Marker, state high-
way commissioner, Columbus, Ohio.

Reports of committees:—

XI.—“Mixing and Placing Materials for Concrete Roads.”
Chairman, Paul D. Sargent, chief engineer, State Highway
Commission, Augusta, Maine; Arthur H. Blanchard, profes-
sor of highway engineering, Columbia University, New York
City; C. W. Boynton, inspecting engineer, Universal Port-
land Cement Company, Chicago.

XII.—“Cost of Constructing Concrete Roads.”” Chair-
man, A. N. Johnson, state highway engineer, Springfield,
Ill.; Joseph Hyde Pratt, state engineer, Chapel Hill, N.C.;
Albert Reichmann, president, Western Society of Engineers,
Chicago.

XIII.—‘‘Thickness, Crown and Grades for Concrete
Roads.” Chairman, Leonard C. Smith, in charge of roads
and pavements, University of Wisconsin, Madison, Wis.;
Earle R. Whitmore, city engineer, Port Huron, Mich. ; iRy
Agg, assistant professor in civil engineering, Iowa State
College, Ames, Iowa.

XIV.—“Proportion and Consistency of Materials for Con-
crete Roads.” Chairman, C. U. Bowley, city engineer, She-
boygan, Wis. ; C. C. Widener, city engineer, Bozeman, Mont. ;
George A. Dingman, engineer, Board of County Road Com-
missioners, Wayne County, Detroit, Mich.

XV.—“Form of Specifications for Concrete Roads.”
Chairman, A. Marston, dean and director, Division of En-
gineering, Iowa State College, Ames, Towa; A. N. Talbot,
president, American Society for Testing Materials, Urbana,
Ill. ; George W. Cooley, state engineer, St. Paul, Minn.

—_——

PERSONAL.

A. J. MacLEAN, formerly one of the commissioners of
Edmonton, was appointed Assistant City Engineer of that
city and assumed his duties on February 2nd.

D. W. JOHNSON has been appointed engineer for the
municipality of Saamich, B.C. For the past five years he has
acted in a similar capacity at Point Grey, B.C.

J. M. BEGG, assistant city engineer, in charge of sewers,
read a paper before the Edmonton Engineering Society on
the sth inst., entitled “The Tunnel Sewers of Edmonton.”

J.W. W. DRYSDALE, Jr., B.Sc., director of Drysdale and
Co., Limited, of Yoker, Glasgow, Scotland, manufacturers of
centrifugal pumps, is, in Canada on a four weeks’ business
trip.

W. A. McLEAN, Provincial Engineer of Highways for
Ontario, and a member of the Public Roads and Highways
Commission, has been elected president of the American Road
Builders’ Association.
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J. V. MIMMO, division engineer, C.P.R., between Bos-
ton Bar and Lytton, B.C., read a paper before the Vancouver
branch of the Canadian Society of Civil Engineers, on Feb-
ruary 3rd, on railway construction work in British Colum-
bia.

T. H. KETTLE, until recently in the employ of the To-
ronto Power Company, as manager of the Transportation
Department, left for Minneapolis on February ist to take &
position as Assistant Sales Manager for the Minneapolis
General Electric Company.

R. G. G. OMMANNEY, a member of the engineering
staff of the Canadian Pacific Railway, has recently been ap
pointed engineer to Sir Thos. Shaughnessy, president of the
road. Under this new appointment Mr. Ommanney will d€
vote his time to special work.

A. J. McPHERSON, for several years chairman of the
Highway Commission of Saskatchewan, has been appointed'
to the chairmanship of the Government Finance Commissio®
of that province. Mr. McPherson graduated in 1893 from the
School of Practical Science, Toronto. e ] ROBINSON of
Regina, formerly Deputy Minister of Public Works, succe€ 5
him as chairman of the Highway Commission.

W. E. WOODHOUSE has been appointed Superintendent
of Motive Power for the eastern division of the Canadia®
Pacific Railway, his headquarters to be in Montreal. M.
Woodhouse has been in the employ of the company for 2%
years, spending a greater portion of that time in British Col
umbia, coming back to Winnipeg in 1906, where for the p?st
four years he has been Assistant Superintendent of Motive
Power of the western lines. ‘

—_———

CANADIAN GOVERNMENT EXHIBIT AT SAN
FRANCISCO IN 1915.°

The final plans for the Canadian pavilion at the panam?
Pacific International Exposition, to be held in San Francisc®
in 1015, were accepted January 21, and the process of act!
construction has begun, under the supervision of Colon¢
William Hutchison, of Ottawa, the Canadian Exhibition Com
missioner. Colonel Hutchison arrived in San Francisco Ja%
uary 14 to inaugurate the work upon the building, prepaff‘"
tory to the arrival of the Canadian exhibit, part of which 1
now en route. He was joined here by George Freeman, 'dfe
London architect, who is designer of the building, and B
staff. j
The pavilion, which will cost approximately $300,000 wil
be the largest exposition building ever erected by the Can# -
dian Government. It will be 340 feet long, 240 feet wide %
so feet high. The whole sum expended upon the buildin®
and its contents will amount to $600,000 or more.

———

“THE ST. LAWRENCE RIVER BRIDGE.”

e :
At the regular monthly meeting of the Canadian Societ¥
of Civil Engineers held in Montreal on Thursday, Februd
sth, a paper was read on the St. Lawrence River Bridze
Mr. P. B. Motley, M.Can.Soc.C.E., Engineer of Bridges
the C.P.R. Mr. Motley presented some interesting detaﬂs
concerning the method in which the old C.P.R. bridé;'e."‘lc

’ : e

the St. Lawrence River at Lachine, P.Q., erected as 2 S‘ngl:y

track structure in 18835, has, in the last two years, practic? o
stho

undergone complete reconstruction as a double track wit

interference to traffic during operations. 16"'
The plan adopted was to build two independent Si“gs‘

track bridges, removing the old bridge in sections, and tra?

ferring the traffic from side to side during the opefat‘on




February 12, 1914.

While this was being done an average of 18 trains a day
Passed over the bridge during working hours.,

The work was accomplished by cantilevering spans from
the piers supporting the old bridge, by the sinking of pneu-
Mmatic caissons under the direction of the Foundation Com-
Pany, by employing floating barges, and transferring traffic
from the old to the new spans as the latter were completed.

———————
CALGARY BRANCH CAN. SOC. C.E.

Some very interesting meetings have been held by the
_Calgary branch Camadian Society of Civil Engineers since
Its inception last summer. These meetings usually take the
form of a 6 o’clock dinner with an address and discussion
following, M. J. S. Dennis, M.Can.Soc.C.E., assistant to
fhe president of the Canadian Pacific Railway Co., gave an
’“{teresting address to the meeting held on December 29th.

1S subject was ‘“Early Surveys and Surveyors of Western
anada.” Upon a similar event on January oth, Mr. Geo.
+ Craig, M.Am.Soc.C.E., city engineer of Calgary, read a
Paper on “Modern Pavements.” On January 23rd, Mr. Sam.
- Porter, B.A., B.S., M.Am.Soc.C.E., irrigation inspecting
‘e‘ngineer for the Dominion Government, read the paper
The Civil Engineer and his Relation to Society,” which ap-
Pears elsewhere in this issue. On February 6th, Mr. H. A.
Oore, M.Can.Soc.C.E., and general manager of the Cal-
8ary Power Co., addressed the meeting, describing the com-
Pany’s new power plant at Kananaskis Falls on Bow River.
“Irrigation Engineering’’ is the subject of an address to
B¢ delivered at the February 2oth meeting by Mr. W. D. Hays,
'Am-Soc.C.E., chief engineer of the Southern Alberta Land
°~_ at Medicine Hat. At later dates, not as yet definitely
€cided upon, the speakers will be Mr. F. K. Peters,
; _'Can.Soc.C.E., Commissioner of Irrigation for the Do-
:ls“f“)n Government; Mr. H. B. Muckleston, M.Can.Soc.C.E.,
Sistant chief engineer, Department of Natural Resources
Madian Pacific Railway; and Mr. H. J. Duffield, B.E.,
MicE

These dinners are held fortnightly and are being largely
0ded by the members of the Canadian Society resident in
3®aty and vicinity. Mr. P. M. Sauder, P.O. Drawer “V,”
algary, i secretary-treasurer of the branch.

atte

—_—-——

TORONTO BRANCH CAN. SOC. C.E.

e,

The local branch of the Canadian Society of Civil En-
3€ers' held a luncheon on Wednesday, February 1ith, at
Ich 5 'good representation of the members were present.

meil:m’t address was given .by Prof: C..R. Young, Depart-
Sbok of Structural Engineering, University of Toronto, who
lllak'e Concerning the library which the So<.:1ety. possesses,
men;ng a number of apt suggestions respecting its enlarge-

and concerning ways in which it might be made of more

Senn- :

the bCe to the members. In addition to its monthly meetings

Ragy, fanch contemplates holding a monthly luncheon of this
re

during February, March and April. The secretary is
- Galbraith, 57 Prince Arthur Avenue, Toronto.

— e

CHICAGO CEMENT SHOW.,

John S

12thTahe Seyenth Chicago Cement Show begin‘s on f'ebruz‘try
the fo];‘d will contirfue to February zist. I?un'{]g thl.s period
Americowmg organizations are also convening in Chicago:—
Roci, gt Concrete Institute, National Builders’ Supply As-
D, Interstate Cement Tile Manufacturers’ Associa-
ciati’o 1mf).is Lumber and Builders’ Supply Dealers’ Asso-
dae . Winois Association of Municipal Contractors, Na-
onference on Concrete Road Building.
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CANADIAN MINING INSTITUTE.

Among the papers that have already been arranged for
in the programme of the annual meeting to be held in Mon-
treal next month, are the following :—

‘““Mill and Metallurgical Practice at the Nipissing Mining
Co., Cobalt, Ont.,”” by James Johnmston, Cobalt, Ont.;
““The Sampling of Cobalt Ores,” by C. St. G. Campbell, Co-
balt, Ont.; ‘“The Veins of Cobalt District,”” by Arthur A.
Cole, Cobalt, Ont.; “Recent Improvements in Cyanidation,”
by Herbert A. Megraw, New York; ‘““Some Notes on Mining
and Milling Practice at the Alaska Treadwell Mine,”’ by H.
C. Meek, South Porcupine, Ont.; “Ore Dressing Improve-
ments,”” by Robert H. Richards, Boston, Mass.; ‘‘Recent
Metallurgical Developments,’”” by A. Stansfield, Montrea: ;
‘““Methods of Excavation in the Mount Royal Tunnel,” by S.
P. Brown, Montreal; ‘“Factors Influencing the Cost of Power
for Mining Purposes,” by J. M. Forbes, Montreal ; “High
Carbon Steel for Sluice Linings in Hydraulic Mining,”’ by
Howard W. Dubois, Philadelphia; “Mining in British Col-
umbia” (illustrated by colored lantern slides), by Howard W
Dubois, Philadelphia; “Scientific Management,”’ by F. B.
Gilbreth, New York; “Efficiency Engineering Applied ta
Mining, Quarries and Industrial Plants,” by H. M. Payne,
New York; “The Chisana Gold Field,” by D. D. Cairnes,
Ottawa; ‘“Coal Resources of the World,” by D. B. Dowling,
Ottawa; ‘““Asbestos Resources of the Thetford Area,” by W.
J. Woolsey. Thetford Mines, Quebec; ‘“Safety in Coal Mines’’
(illustrated by moving pictures), by a representative of the
H. C. Frick Coke Co., Pittsburgh.

S i e |
EDUCATIONAL INVESTIGATION OF INDUS-
TRIAL METHODS.

——— e,

A number of students taking the Chemical Engineering
course at the University of Toronto, under the direction of
Professors Bain and Ardagh and Mr. Rogers of the Faculty
of Applied Science and Engineering, spent a week on a tour of
investigation to points in Western Ontario. The party visited
the plants of the Dominion Sugar Co., the Empire Refining
Co., and the Canadian Glass Co., afterwards proceeding'
to Windsor where the works of the Canadian Felt Co. were
visited. The new electrolytic alkali plant of this company
at Sandwich was also inspected. The party included men
of the second, third and fourth years.

—_——r -

COMING MEETINGS.

AMERICAN CONCRETE INSTITUTE.—Tenth Annual
Convention to be held in Chicago, February 16th to 20th,
1914.  Secretary, E. E. Krauss, Harrison Building, Phila-
delphia, Pa.

NATIONAL CONFERENCE ON CONCRETE ROAD
BUILDING.—Meeting will be held in Chicago, Ill., February
12th to 14th, 1914. Secretary, J. P. Beck, 72 W. Adams

Street, Chicago, Ill.
CANADIAN MINING INSTITUTE.—Sixteenth Annual

Meeting to be held at Windsor Hotel, Montreal, March T
and 6th, 1914. Secretary, H. Mortimer Lamb, Windsor Hotel,
Montreal.

AMERICAN WATER WORKS ASSOCIATION.—Thirty-
fourth Annual Meeting to be held in Philadelphia, Pa., May
11-15, 1914. Secretary, J. M. Deven, 47 Slate Street, Troy,
N

v !
CANADIAN AND INTERNATIONAL GOOD ROADS
CONGRESS.—To be held in Montreal. May 18th to 23rd,
1914, Mr. G. A. McNamee, 9og New Birks Building, Mon-
treal, General Secretary.
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Each week on this page may be found summaries of orders passed by the Board of Railway Commissioners, to date.
This will facilitate ready reference and easy filing. Copies of these orders may be
secured from The Canadian Engineer for small fee.

21250—]anuary 26—Authorizing C.P.R. to construct
sidings for Fraser, Limited, mileage 20.03, Atlantic Div.
Fredericton Sub. Div., at Victoria, New Brunswick.

21251—January 23—Refusing application Corporation
Village of Princeville, Que., for Order directing G.T.R. to
provide and construct highway over its tracks, about 1050
ft. west of Princeville station.

21252—]anuary 26—Authorizing C.P.R. and Algoma Cen-
tral and Hudson Bay Ry. Cos. to operate trains over Crossing
at Hobon, Dist. Algoma, Ont., without their being brought
to a stop.

21253—]anuary 24—Relieving C.P.R. from speed limita-
tion of 12 miles an hour on portion of Swift Current South-
easterly Branch Line, from Neville to Vanguard, mileage
27.5 to 43.6.

21254—January 26—Authorizing C.P.R. to construct Two
(2) bridges, namely,—mileage 59.8, Kootenay Central Ry.,
over Findlay Creek, B.C., and mileage 46.62, Kootenay Cen-
tral Ry., over Skookumchuck Creek, B.C.

21255—]anuary 24—Authorizing, temporarily, City of
Toronto, Ont., to operate Danforth Ave. Car Line over
G.T.R. Toronto Type Foundry Spur, until June 1st,
1014, pending installation of half-interlocking plant at said
crossing. i

21256—]January 24—Authorizing C.P.R. to construct
bridge over Dutch Creek at mileage 75.6 of Kootenay Central
Ry., British Columbia.

21257—]anuary 27—Authorizing G.T.R. to construct ex-
tension of siding into premises of S. L. Lambert, on Block
Y, east side of Burger Street, town of Welland, Ont.

21258—]anuary 24—Extending, until May 1st, 1914, time
within which G.T.R. is required to install gates to cover all
tracks and sidings as well as main tracks at crossing of the
first highway east of Clarkson Station, Ontario.

21250—January 28—Granting leave, temporarily and until
further Order of the Board, to city of Montreal, Que., to con-
struct and lay steel water pipe beneath main track and siding
of C.P.R. Co.’s Lachine Canal South Bank Branch, subject
to certain conditions.

21260—January 28—Authorizing city of Montreal, tem-
porarily and until further Order of Board, to construct and
lay 8 feet diameter steel water pipe beneath, along and across
right of way of G.T.R. on part Lot 3410, Cadastral plan of
Municipality of parish of Montreal, subject to certain con-
ditions.

21261—January 22—Extending, until June 1st, 1014, time
within which Cumberland Ry. and Coal Co. equip cars with
automatic couplers and air breaks. £

21262—January 28—Granting leave to Ottawa Electric
Co. to erect, place and maintain wires across track of C.P.R.,
on road north of Hurdman’s Bridge, at’ mileage 6.64 from
Sussex Street Station, Ontario.

) ?1263-7]anuary 28 Extending, until May 31st, 1014, time
within which C.P.R. complete siding for McCormick Manu-
facturing Co., Limited, London, Ont., authorized under Order
No. 20710.

21264—January 28— Approving plan “A,” numbered
?329P69R’ showing bridge No. 04.4 on Toronto Subdivision - of

21265—January 20—Authorizing the C.L.O. and W. Ry.
to construct its line of railway at grade across Front Street,
in the city of Belleville, Ont.

21266—January  24—Approving revised location  of
C.N.O.R. at Grand Lake, Tp. Barron, Dist. of Nipissing,
Ont., mileage 126.37 to mileage 120.04 from Ottawa.

21267—January 28—Relieving for the present, the C.P.R.
from providing further protection at the crossing of the first
highway east of Sheho Station between Secs. g:and ‘10, W. 3
M., Sask., at mileage 67.9 on said railway. ' ;
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21268—]January 28—Authorizing the N. St. Catharines
and Toronto Ry. Co. and the G.T.R. to operate their cars
and trains over Welland Avenue, St. Catharines, Ont., without
their first being brought to a stop.

21260—]January 28—Postponing the effective dates of the
Special Commodity Tariff, C.R.C., No. 217, and the Joint
Freight Tariff, C.R.C. No. 221, of the Temiscouata Ry. Co:
increasing the rates on pulpwood in carloads and published
to become effective on the 1st and 24th days of January, 1014»
respectively, until the 15th day of August, 1914; and res
cinding Order No. 21105, dated December 23rd, 1013.

21270—January 30—Authorizing the city of Brantford t0

excavate a new channel across the island immediately beloW
the Homedale District where the L.E. and N. Ry. has built

its embankment across old channel. )

General Order No. 119—January 31—Ordering that when-
ever a railway company subject to jurisdiction of Board, in-
tends to remove a regular station agent, it shall first notify
theslocal municipality or Board of Trade of its intention
apply to the Board for and Order permitting such removal.

21271—]anuary 20—Authorizing the C.N.R. to construct
its line of railway across and divert public road between Secs
s and 6, Tp. 41, Rge. 18, W. 4 M.

21272—January 20—Relieving’ the Que., Montreal and
Southern Ry. from maintaining, for the present, a watchm
:3 the Chemin de Lac Crossing, in the village of Buchervilles

ue.

21273—]anuary 20—Rescinding Order No. 21155, which
required the C.P.R. to stop its train No. 33 at Claremont oz
flag for a period of three months from date of Order, P€
cember 31, 1013.

21274—January 24—Authorizing -the G.T.P. to (:onstl'}l‘:t
its main line of railway across the Government road at mile”
ages 213 and 214, Cariboo District, B.C. ]

21275—January 30—Authorizing the G.T.P. Branch Lin€®
Co. and the C.P.R. to operate their trains over the crossit
of the C.P.R. Co.’s Moose-Jaw-Lacombe ‘Branch at Df“}d;
Sec. 6, Tp. 33, Rge. 20, W.3 M., without first bringing trai?
to a stop. i

21276—January 20—Amending Order No. 20937, Decem
1st, 1913, by striking out the figures ‘“‘10’’ after the W
«Block” where they occur in the recital and operative P?
of the Order, and substituting therefore the figures “16.’

21277—]January 28—Approving revised location of G-T'P' 4

ber
ord
rt S

Railway from the east boundary of the N.E. % of Sec. 'v"z'
Tp. 53, Rge. 17, to the east boundary of the E.E Y% of S_et(;
22, Tp. 53, Rge. 17, W. 5 M., Alta., from mileage 3-14
mileage 5.88. ! i
21278—January 28—Authorizing the C.P.R. to constf“%e’
maintain and operate branch line of railway or spur o1 tip
Boyd Pressed Brick Syndicate from a point on C.P.R. “‘aot
line, Ont. Div., London Subdivision, at mileage 34.5, iP
3, Con. 7, Tp. Nassagawaya, Ont. of
21270—January 20—Authorizing the C.P.R. to ope? fIs'
the carriage of traffic portion of its double track from gq,
l(i)ngton to Guelph Junction, mileage 9.08 to mileage 3%
nt.

(4
21280—January 20—Authorizing the C.P.R. to chang€ 31‘,-
grade of its main line of railway, Ont. Div., Havelock of
division, across road allowance between Lots 20 and 21, - de
3, Tp. Bathurst, Co. Lanark, Ont., and to change the gr_ﬂne'
of present grade crossing at mileage 15.44 on said main hted

21281—January 30—Approving plan No. 55085-2, ' k8
November z7th, 1913, showing proposed crossings over trd
of G.T.R. adjoining Front Street, Toronto, Ont. ! ot

21282—January 20—Authorizing the C:P. Rt Constﬂibe
maintain and operate branch line of railway or spur or "3
Canmore Coal Company, Limited, Canmore, - Alta., 107001
point on existing spur in the S.E. % Sec. 29, Tp.-2, RE*
W. 4 M., at Canmore, Alta.. : i




