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REPAIRING A SUBMERGED WATER MAIN

SOME NOTES ON THE EDMONTON WATER SUPPLY

SYSTEM AN

D ON THE REPAIR OF A SUBMERGED PIPE

SECTION BY A UNIQUE AND EXPEDITIOUS METHOD.

By JAMES HAMILTON,

Assistant Engineer,

HE present domestic water supply for Efimonton' is
taken from the North Saskatchewan River, which

It is subjected to sedimen-
ilization before
s. Prior to
he south of
hat to the

flows through the city.

bein tation, me‘chanical ﬁlt‘rati.on flnd steri
191 : pumPed_mto the dlS.trlbutl.ng main
thez,the portion of the. city lying to t
nol_t}il\’er was known as.Strathcona, and t L
ties as Edmonton, but in that year both municipali-
amalgamated, assuming the name of the latt.er city.
efor? the amalgamation, each municipality had its own
aumpl-ng plant. Subsequently, the one on t_he south side
a:j discontinued, and that on the north, being the larger
With better equipped, was extended. It, n conjunction
it Increased filtration capacity, now supphes the enpr:
Siti. The fact of the pumping ar'ld filtration plants beu;lb
soufhtec! on the north side necessntates.the supply .for the
© side being conveyed across the rlver,.thls being ac-
oMplished by means of two parallel, 20-inch diameter,

ca. -' . . .
St-iron, submerged mains. These mains WEre laid
and the execution of the

ollow; g

Wolowmg the amalgamation, DL
Subrk Presented no unusual engineering features. Similar
Merged mains are to be found at many points on.t‘he
familiar

x
Wi?};th American continent, and engingers are e
Wh; the recognized methods of construction from articles
i ch have appeared from time to time in the technical
Iourna]s,
the ét has already been observe
the baskatchevxfan River ﬂow.s t
tab] ed of which is approximately 2
€land on which the principal parts of
at € pumping plant is situated on flats on the north ban}l;:,
tabla level intermediate between the river beq and tle
a ]e]and' While the normal pressure 1n the mains on t1}c13
: eland is ahout 45 Ibs. ; in those on the flats it is muc
l‘efgher’ and particularly in the submerged mains above
frred to, where it is as high as 135 Ibs. If necessary,
SPZZ:' Pressures can be raised to 75 lbs. and 165 Ibs. r;z;
any 'Vely to cope with an exceptional fire, but as a ru
;Y pressure above the normal required for fire purposes
Supplied by the movable equipment of the fire brigade.
‘Vougtric‘”y speaking, one line of 20-inch diameter p}se
ISty have been ample for all the needs of the~south side
n riet, but the city commissioners, on the advice of their
8ineers, sanctioned the construction of the double line,

d in these columns that
hrough a deep ravine,*®
oo feet below the
the city stand.

* . . .

- Edm The reader is referred to an article descriptive of ths

in ?nton Viaduct of the Canadian Pacific Railway, publishe
¢ Canadian Engineer for September oth, 1015.

Sewer Department, Edmonton.

it being their opinion that, with such a provision, the
possibility of any prolonged interruption to the supply
would be practically eliminated. Subsequent events
proved that such a margin of safety was not only ad-
visable but necessary.

At various stages in the progress of the work, tests
were applied to the mains and satisfactory results secured,
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Fig. 1.—Section of Edmonton System of Water Supply,
Showing Location of Two 20-inch C.I.
Submerged Mains.

but after they were lowered into position and all con-
tingent works completed, the final test under a pressure
of 180 lbs. was applied, when the gauge unexpectedly
dropped, and it became apparent that a serious leakage
had developed in one of the lines. Investigation revealed
the fact that one 12-foot length of pipe had burst during
the application of the test, the fracture being about 4 feet
long and extending from a point within a few inches of
one flange, in a direction parallel to the longitudinal axis
of the pipe. The location of the failure on the submerged
line was about 120 feet from the south bank.
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The purpose of this article is to describe briefly how
the repairs were carried out, the broken 12-foot length of
pipe being .removed and a sound one substituted.
Fortunately it was possible to undertake the repairs.
before the end of winter, while the water level in the river
remained at its minimum, and the ice was in good
condition. /

. Fig. 1 shows the location of the two submerged
water pipe lines. Fig. 2 shows the trench dredged in the

Ordipary Low Water Leve/3

Fig. 2.—Trench Dredged in River Bed, for the "ipe Lines.

bed of the river with the two lines of z2o-inch diameter
cast iron pipes in position. Fig. 3 shows a cross-section
of the cofferdam constructed around the broken pipe.
Lock Joint steel sheet piling was used, the length of the
dam being about 24 feet.

It would have been a comparatively simple matter to
have secured a watertight cofferdam had it been possible
to use this piling across the full width of both ends of the
dam, but the position of the pipe prevented so simple a
solution of the matter.

The material forming the river bed at the point in
question consists of gravel mixed with a comparatively
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Fig. 3.—Sketch of Cofferdam Constructed Around the
Section of Broken Pipe.

large proportion of fine sand, which overlies for a depth
of several feet a firm stratum of coarse gravel and hard-
pan firmly cemented together, into which the sheet piling
was driven.

Several attempts were made to complete the ends of
the cofferdam above and below the pipe, but without
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success, and much delay and expense might have been
entailed had not the superintendent in charge of the work
conceived the idea of forcing cement grout into the gravel
and sand at these points by means of a hand pump—an
idea which was put into operation with immediate and
complete success. The cement was mixed in deep steel
wheelbarrows, and reduced to the consistency of cream
with water in which had been dissolved soda crystals, the
latter being used to hasten the setting of the cement. Theé
pump was operated by four laborers, and was found
capable of exerting a pressure of 40 lbs. when previously
tested with water against a‘pressure gauge.

The work of pumping the grout had to be carried out
with the utmost despatch in order to prevent the pump
from becoming choked, each batch of grout being handled
quickly, and the pump thoroughly washed out after
dealing with each batch. In all, twenty-two bags of
cement were used, and within a period of 60 hours thé
cofferdam had been pumped dry.

The subsequent work of removing the broken pipés
and replacing it with a sound one was successfully and
expeditiously performed.

The work of laying the double line of submerged
mains, and the execution of the repairs above explained;
were carried out under the direction of Mr., J. Ryans
superintendent of works for the city.

COST OF ROAD REPAIR AND MAINTENANCE:
NIAGARA FALLS PARK.

road surfacing costs relating to work executed during

1913, in Queen Victoria Niagara Falls Park, under

the direction of Mr. John H. Jackson, superintendent:
The data related in particular to both heavy and light ré
surfacing of waterbound macadam roadways, and t0
carpet treatment with refined tar. Costs were also given
for resurfacing a stretch of driveway with Rocmac.

The value of the figures is considerably enhanced by
the recently issued report of 1914 operations. In the
following data the costs have all been reduced to a squar®
yard basis and the corresponding cost per mile is deduce
for a stated width of surface.

Oiling Boulevard and Park Driveways.
Time—]June and July.
Location—Between Park and Chippewa and south end
of main driveway.
Average haul—.95 mile. ‘
Surface treated—Length 8,265 ft. (1.56 miles), 19,249
square yards.

IN our issue for October 1st, 1914, were given somé

Labor. :
Total. Per sq. Y9
Loading and placing %-in. stone $ 270.00 1.40 cts
Hauling 24-in. stone and oil . ... 234.00 7423
Rolling and heating ............ 150.00 77
$ 654.00  3.40 Ct*
Materials.
%-in. stone, 260 tons ......... \ Sv
Sereenings, 82 tonsw b e i f$ 358.00 1568
Vulcan asphaltic oil ........... l
(80%) 6,500 gals. ......... 469.00 2.44
Denttirbage i eloa oas i b v J
Coal for heating and rolling, 9.03
o7t R A 48.00 .25
$ 875.00 455 ctl
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v Summary.
Labol-. ....................... $ 654.00 3.40 cts.
s (SRR SRR et 875.00 4-55
$1,529.00 7.95 cts.

D}str%bution of oil =.388 gal. per sq. yd.
IStribution of grit = 1 cu. yd. on 67.3 sq. yds. surface.
OSt per square yard, about Sc.
OSt per mile (22 ft. wide), $1,036.00.
age rates :—

Dt R ) S e s5c. per hour
‘

Baborers i .. 0odrash il PP CE s 14
[

Boremen’ ., .. o s natas SECH

Niagara River Boulevard—Tarvia ‘‘A’’ Treatment.

Tlme_\JUIy, August, September and October.
OCation—Boulevard, Station 293 south to Station 545.

Verage haul—2.62 miles.
urface treated—23,200 ft. x 18 ft. = 54,400 5q. yds.

Labor.

S Total. Per sq. yd.
Preading 14-in. stone .......-- $ 31800 .63 cts.
oad}ng. materialswt i i 313.00 .62
amfng materialsy ' aoll g donte 740.00 1.47
e Tarvia ..., .. Sonans 382.00 .76

- $1,753.00 3.48 cts.
Materials.

B4

/2-m: stone, 724 tons at $1.10 .. $ 796.00 1.58 cts.
fryla’ 25,000 gals. at 10C. «..-- 2,500.00 5-72

Coelght, $342; demurrage, $39.. 381.00 5-72

al for roller and heating, 28.2
OB vt Bo.go ...l e 153:00 -30
et Tt
$3,830.00 7.60 cts.
Summary.

Ilfaab"r ....................... $1,753.00 348 cfs:

B O 3,830.00  7.60
11.08 cts.

Dic.. $5,583.00
Stribution of Tarvia, .46 gal. per sq. yd.
(I)Str‘blltion of grit, 1 cu. yd. on 9o sq. yds. surface.
St per square yard, $11.08.

0 5 i
Wst Per mile (18 ft. wide), $1,162.00.
a
8¢ rates ;—
BERBRE 0 v oy o R R b e e
BiBlOteTs . .ivstiilis v o sidostes piors e i A
ROECINEN - i-0s's whios voboir SR e 30C.

Rocmac Resurfacing—Section No. 4.

T-
lee\August to November, 1914-

Ocation‘Boulevard, from Shipyard south, 1.286 miles.

Verage h .
S aul—z.07 miles.
Urface treated—6,790 ft. x 18 ft. = 13,580 s9- s
Labor.
R o Total.  Persg.yd:
Lesu.rfa‘:i“g (Rocmac) ..c..voee $1,406.00  10:30 cts:
cading materials L......e.e0s 6s0.00 478
RHDE Materials ., .... o0 s+r 1,304.00 1027
Onlng w ; 24600 1.81
............. i e L
27.22 cts.
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Materials.
2" stone (trap), 514 tons at $1.80 $ 925.00 6.81 cts.
Screenings, 560 tons at goc. .... 505.00 372
Rocmac, 10,473 gals. at 45¢. .... 4,713.00 34.70
Coal for roller, 17.46 tons at $6.35 I11.00 .80
$6,254.00 46.03 cts.
Summary.
Babor Sl i R T S L S $3,696.00  27.22 cts.
Materialsis v it it S b st 6,254.00  46.03
$9,950.00  73.25 cts.
Cost perisquaresyard il A0S i E U ia Pusiraias
Cost permilet (I8 it wide) Rl i RE e e $7,736.00
Wage rates :—
eI SR e B R e 45c. per hour
Ieaboners I it bt e fodlaatory SO A
Floremeni S st Sre IR b ettie BOCHT e

Queen Victoria Park—Repairing Main Driveway.
Time—Summer, 1914.
Location—Main driveway.

Average haul—
Surface treated—22,000 square yards.

Labor.

g Total. Per sq. yd.
REpaiEmpIsa g S $ 403.00 1.83 cts.
T oadin e e G S Mk R 185.00 .84
Haulmple s ov it s e i S 317.00 1.44
ROLIAOEE S5t el e e e ol 175.00 .80

$1,080.00 4.91 cts.
Materials.
2-in; Stone, 253 tONS .o« /v swsriie 5. 4208.00 1.35 cts.
Screenings; 238 tons: .eidd. ot 278.00 1.26
Coal, A5 TONSH oieies oershoidiais bistats 77-00 .35
$ 635.00 2.96 cts.
Summary.
Toaborin i N, o At E il i) $1,080.00 4.91 cts.
Naterials i S AR RN RS 653.00 2.96
$1,733.00 7.87 cts.

Cost per square yard, about 8c.
Cost per mile, 22-ft. roadway, $1,036.00.
Wage rates :—

AR Yoo AR AR S 55¢. per hour
Traborersy s el i Al th s S R
Forementy i s N o - BECh HoRe

LONG LINES IN TRIANGULATION.

The longest line in the United States Coast and Geo-
detic Survey triangulation is that from Toiyabe Dome, Nev.,
to Ragged Peak, Nev., about 227 miles. This was observed
only in one direction. The line from Mount Shasta, Cal.,
to Mount Helena, Cal., is 192 miles in length, and that from
Mount Ellen, Utah, to Mount Uncompahgre, Col., is 183
miles. The triangle formed by Wheeler Peak, Nev., Mount
Nebo, Utah, and Pilot Peak, Nev., has sid=s of 148, 148 and
141 miles respectively.—August “Bulletin” of the U.S. Coast

and Geodetic Survey.
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FINENESS OF CEMENT DETERMINED BY AN
AIR ANALYZER.

and at the same time one of its most indefinite

characteristics. Its importance is recognized in

the tendency toward higher fineness requirements
in cement specifications and in the general belief that
the finer a cement is ground the greater its cementing
value. Its indefiniteness is due to the almost universal
method of determining fineness by means of the No. 100
and No. 200 sieves. The inadequacy of these sieves is
evident when one considers that at least 75 per cent. of
the total cement is required to pass the No. 200 sieve.
It is also well known that a considerable portion of the
cement passing the No. 200 sieve is comparatively inert
because the larger particles in this portion are still too
coarse to be readily acted upon by water.

THE fineness of cement is one of its most important

(I N N RN

=

Fig. 1.—Bureau of Standards Air Analyzer and
Auxiliary Apparatus,

What is needed is some means of determining the
amount of hydraulically active material in cement. At
the present time, however, we do not know what size
of particles should be regarded as the upper limit of
active material, and thus the logical mode of procedure
would seem to be first to develop some method of sepa-
rating still further the ‘‘fines” from the No. 200 sieve,
and then to establish a dividing line between inert and
active particles.

The terms flour and impalpable powder are fre-
quently used to designate the hydraulically active ma-
terial. It is believed preferable to limit these terms to
that very fine portion of cement beyond the finest per-
ceptible grit, which probably does not constitute all of
the hydraulically active material.

In order to find some better means for the me-
chanical analysis of that portion of cement passing
through the No. 200 sieve, Messrs. J. C. Pearson and
W. H. Sligh, of the United States Bureau of Standards,
went into the subject with great care and detail, spend-
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ing over two years in their researches. Their experience
in the design of a suitable device, as outlined in Tech-
nologic Paper No. 48 of the Bureau, leads to the con-
clusions that :—

1. The apparatus should insure as far as possible
a constant velocity and uniform stream lines in the fluid
as it passes through the separating chamber.

2. The fluid should not be appreciably retarded by
the resistence of the material under examination or by
constrictions or obstructions in that part of the apparatus
beyond the separating chamber unless the amount O
such retardation can be determined by pressure gauges
or compensated by special devices.

3. All particles of the material should be completely
and continuously exposed to the action of the fluid, so
that any which are capable of passing through the sepa-
rating chamber may have every opportunity to do so.

4. The separating chamber should have no places
of lodgment for material.

5- The apparatus should be capable of separating
fair-sized samples, preferably 25 g. or more. Thus
representative samples are more nearly insured and the
percentage error in the separations is reduced.

More difficult than the mere design and construction
of a satisfactory elutriator is its calibration or standard_"
zation. The mechanical analysis involves separations if
terms not only of percentages, but also of sizes, and the
determination of the size of very small and irregularly~
shaped particles can be most readily accomplished bY
averaging microscopic measurements on a large number:
Herein lies the one great obstacle to the furtherance ©
elutriation methods, for if the fineness curves of different
cements are to be at all comparable, the sizes of sepa
ration must be determined with considerable accuracy:
It is not sufficient simply to state that the average d}a’
meter of a lot of particles which lie on the dividing lin€
between two fractions is so many thousandths of a7
inch, or so many hundredths of a millimeter, but it 18
necessary to define what is meant by the diameter O
an irregular particle, and to state explicitly how the
diameters are measured. For example, if the diameters
of a number of particles as seen in the microscope aré
measured in one direction without regard to their orien
tation (which is, perhaps, the easiest and most direct
method) the average diameter so determined will be very
approximately the mean of the average length an
breadth of the particles as seen in the microscope. ThiS
average diameter, however, is greater than the cube roof
of the product of the average length, breadth, an
thickness of the particles, which is generally taken o
be the true mean diameter and the true index of ‘‘sizé
in the sense of volume. But the measurement of thre¢
diameters of microscopic particles is exceedingly labor”
ous, and the most one can expect for practical purposé®
is to establish some reduction factor which will give the
true mean diameter when applied to the simpler meas®
urements.

Still another condition enters which magnifies the
differences in these systems of measurement: The sepa’
ration of powders by flotation methods obviously d€
pends on the ‘‘floating power’’ of the particles, a Pro-
perty which presumably bears as close a relation to shap®
and surface condition of the particles as to their actud
size and weight, and we may, therefore, anticipate 2
greater range in diameters of particles so separateé
than, for example, in uniform sieve separations.

Descriptions of existing apparatus are given by the
authors. These relate to Goreham’s flourometer, t

|
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(I}OP}.'—Lin'dner elutriator, Cushman and Hubbard’s air
EUtrmtor, the Petersen apparatus, the Griffin-Goreham
Standard flourometer, the Thompson classifier, Feret’s
air Si_fter, and Mackey’s apparatus. Then the authors
Sse?crll_)e the new Bureau of Standards air analyzer, the
Sential features of which are as follows:—
e t}?he analyzer proper consists of a bulb with a
o ree interchangeable nozzles, a stack or separatmlg
lect(r)nber, a tapper, electrically operated, and a dus]t1 cc})}-
k. o, which retains all material carrxed‘(?ﬁ through the
€ftical separating chamber. The auxiliary apparatus
©onsists of a motor-driven blower, and a grease-trap to
prev?nt oil and grease from getting into the air‘ tube
Sieadmg' to the reservoir. This auxiliary apparatus 1S S
gr.xed entirely for the purpose of automatically sup-
CPlymg air at constant pressure to the analyzer. The
Omplete equipment is shown in Fig. I.
| T'he process of making a separation Wwith e g
Yzer is described as follows :—

The motor and blower are first started at
SPeed, and the air tube leading from the reservolr i
Phie analyzer is connected to the nozzle to be used. This
Causes a rise in pressure in the reservoir, indicated on
the gauge, which is to be raised to the working pressure
o 1 pound per square inch. The pressure is furt.her
"Ased by gradually closing the blow-off, and if not high
®nough when the latter is completely closed, the i
SPeed is increased. It is desirable always to have an
EXcess of ajr Supplied by the blower, and to have the
OW-off so adjusted as to allow a slightly grsaigiE i g
Y of air to pass into the reservoir than Is r'equu'ed
Or the analyzer. Further regulation of pressure 13 amio:
Matically provided by the regulator, which consists of
4 Vertical pipe about 5 ft. long and 4 in. in diam., close.d
at the hottom and nearly filled with kerosene. Into this
a long glass tube connected to the reservoir and open
At the lower end projects to a depth which car bees
Justed and is approximately the same as the difference
N level of the kerosene in the two arms of the gauge
Rt Working Pressur.e. This adjustment is always mﬂﬁe
Bl o0d when ihe proper depth 1s.atta'med, .the
"®Rulator functions perfectly for an indefinite time with-
Out further attention. ; i
8 Tt is obyious that if the pressure fn the EOSERiEl
IS below the required working. pressure, air can escipe
from the reservoir only through the analyzer.nozzle, }l:t

Y further closing the blow-off, the pressure rises e tlle
€rosene is driven down the regulator tube until finally
t € seal is broken and air bubbles oOff. T}.:e pressurenlt“
he reservoir will thereafter remain SenSlt?ly il 4
Unless the speed of the blower varies considerably. In
florma] operation, therefore, the o Ha e pre;sufe
8auge mounts quickly to its prescribed height an “ rl:a;
Mains there while the regulator disposes % 'Sdl%l
EXcess of air supplied to the reservolr. Unavotdable
Tregularities in the speed of the blower are thus auto:
Matically compensated and the gauge e thi/“ﬁ-
:-ta"t pressure of the air supplied to the noms Z:nt.
'ons in the reservoir pressure as large as o per]_ ible
are rare, and of this magnitude are entirely negligl
' their effect on the separations. ; 7
f Having adjusted the blow-off, plis negee 2 reﬂj%\’e.
'OM the air tube and inserted in the bulb, whlcb llls)
detaflhed from the stack. The weight of nozzle and “I-
hould be known to the nearest 0.0T € If the (;'eooo
Inch separation is to be made, a 33e £ manie ns
®ment is placed in the bulb; if the coarser Sepamtlon.
are desired, 50 g. are ordinarily used. The bulb co

d.set

a-

slow

ti
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taining the cement is then attached to the stack, the
air tube is connected to the nozzle, the tapper is started,
and the analysis proceeds without further attention on
the part of the operator. The residue in the bulb gradu-
ally darkens as the fine material is removed, and in the
course of half an hour or less appears to become dis-
tinctly .granular, especially in the coarser separations.
It has been found by experiment that greater uniformity
in the fractions is obtained if the separations are re-
garded as completed when a certain rate of loss is
reached, as in the case of the No. 200 sieve fineness
determination. The air separations require a consider-
ably longer time, however, as the diminuation of the
quantity of material removed is much less rapid toward
the end of the process than in the sieve separations.
One of the practical uses of the analyzer is its
adaptation to the study of the products of different types
of grinding machinery. Comparative examinations of
this sort can be made without calibration of the analyzer,
and from examination of a large number of cements a
fairly correct notion may be obtained of the character-
istics of different mills. For the most reliable com-
parisons, however, the tests should be made on cements
‘ground from the same clinker. Similarly, the degree of
pulverization of different clinkers in a given mill can be
determined, and the effects of hardness and other
variables can be studied with the aid of the analyzer
more satisfactorily than with the aid of sieves alone.
Experience has shown that the analyzer is equally
well adapted to separations of other materials than
cement, and in many cases may give more consistent
results on other materials. For example, excellent sepa-
rations have been made of ground quartz, emery,
alumina, and other hard-grained materials. A new field
of usefulness has recently been found in the testing of
molding sands, in which the ordinary clay and silt deter-
minations are especially important, but ordinarily made
by crude washing and settling methods. On the other
hand, the present form of analyzer has failed in attempts
to separate hydrated lime and certain paint pigments,
in which the coarse material appears to consist of com-
pact agglomerates of fine particles, or of soft grains.

NIAGARA FALLS PARK ROADWAYS,

Last year the roadways of the Queen Victoria
Niagara Falls Park were treated with heavy asphaltic
material applied hot and under pressure, after which a
liberal covering of pea stone was placed. According to
the latest annual report of John H. Jackson, park super-
intendent, this carpet treatment has provided an excellent
wearing surface impervious to water and capable of tak-
ing the wear which would otherwise come upon the road
metal itself. It is found that prompt attention to small
depressions and ruts proves more economical than allow-
ing the roadway to deteriorate to such a degree that large
resurfacing operations have to be undertaken to restore it.

The percentage of all-steel passenger cars built in the
United States during the past six years has increased from
26 to 74.6, while the percentage of steel underframe cars
built has increased from 14.8 to 20.9. The older wooden
cars are being steadily withdrawn from service, so 'ghat the
percentage of steel and steel underframe cars will increase
rapidly within the next few years. Wooden cars to the mum-
ber of 1,048 were withdrawn during the calendar year 1914.
Tt is estimated that to replace the present wooden cars will

cost approximately $560.000.000.
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- TIMBER IN CANADA.*

By R. H. Campbell,

Director of Forestry, Ottawa, Canada.

been variously estimated at lying between five and

seven hundred billion feet, board measure, and

covering an area of approximately 170,000,000
acres. This estimate refers only to timber of commercial
value as saw timber. It does not include pulpwood, fire-
wood, tie and pole material or small timber of any
description, although this may have considerable com-
mercial value.

CANADA’S present supply of commercial timber has

Even pulpwood values are difficult to estimate as so
much depends on accessibility to market. Firewood may
be worth four dollars a cord in the settled parts of the
country, and may have absolutely no value whatever in
more remote districts. Ties may be worth forty cents at
the railway, but the cost of transporting them may exceed
this value, and they then become valueless for the present
at least. ;

A complete estimate of available forest products could
not even be attempted with the information existing, and
this estimate is therefore largely confined to commercial
saw timber (including all material ten inches and over in
diameter at the stump).

British Columbia contains a land area of approxi-
mately 226,186,240 acres (353,416 square miles), of which
about twenty-one per cent. is covered with commercial
saw timber. This area of about 50 million acres has been
estimated to contain 300 billion feet board measure.

The coast type is made up largely of Douglas fir,
hemlock, Sitka Spruce, western red cedar, western tama-
rack, western white pine and others of less commercial
importance, and contains the bulk of British Columbia’s
best saw timber (about 225 million feet). The interior is
divided into two distinct types. The Dry Belt country is
characterized by light precipitation and the tree growth
is light in consequence. It consists largely of Douglas
fir and western yellow pine. The Kootenay country has
a high annual precipitation and is practically a modified
repetition of the coast type, characterized by the addition
of such species as mountain fir and Engelmann spruce,
and a lack of Sitka spruce. This type grades into the
Southern Rocky Mountain type of mountain fir, Engle-
mann spruce and lodgepole pine, which crosses the sum-
mit and clothes the eastern slope of the Rockies down
to the prairie line. :

British Columbia cut in 1913: 1,173,647,000 feet,
board measure, of lumber in her mills. Over two-thirds
of this was Douglas fir, about 7% was tamarack and 7%
red cedar, and of the remainder, 5% was spruce, 5%
western yellow pine, 3% hemlock, 2% western white pine,
and 19 each, mountain fir and jack pine. With the ex-
ception of unimportant qualities of cottonwood, maple
and birch, no hardwoods are found in this province.
Twelve kinds of wood were reported.

The province of Alberta has a total land area of
161,000,000 acres (252,925 square miles), of which
5,416,000 acres are said to contain saw timber to the ex-
tent of twenty-one billion board feet. Four reserves exist
in Alberta at the present time, and these contain 16,-

*From a paper presented at a meeting of the International
Engineering Congress, 1915, in San Francisco, Cal., Septem-
ber 20-25, 1913.
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711,776 acres. This province sawed in 1913, 44,662,000
feet of lumber of the following composition: Spruce,
93-8%; jack pine, 5%, and small quantities of Douglas
fir, tamarack, poplar, balsam fir and birch. With the
exception of birch and poplar the forests of Alberta are
entirely coniferous. The Douglas fir, Engelmann Spruce,
mountain fir and lodgepole pine, extend from British
Columbia down the eastern slope and mix with the
typically northern forest type.

In the northwest territories and the Yukon the forest

at the present time has practically no commercial value.
Forest cover exists but the trees are not found in com-
mercial sizes or quantities. Wood is used locally for fuel,
fencing and rough construction, but none is sawn an
brought to the lumber markets. The country is sparsely
settled ; much of it has never been explored.

Saskatchewan’s land area is 155,764,080
(243,382 square miles) and the province’s timber.a_fe“1
covers 3,584,000 acres and contains about fourteen billion
board feet. The province in 1913 cut 114,800,000 board
feet of lumber. The lumber was made up of spruce
(98.2%) almost entirely, with small unimportant quantities
of tamarack, jack pine and poplar. The forest reserves
in Saskatchewan cover an area of 1,152,889 acres and
consist of eight different reserves.

Manitoba contains a land area of 148,432,640 acres
(231,926 square miles), of which 1,920,000 acres are saW
timber land with a stand of some 6,850,000,000 feet'(’f
timber. The northern part of this province is covered with
the same northern forest type found in Saskatchewan and
eastern Alberta, but another type is found in the sOU'th‘
eastern part, sometimes called the southern Laurentlas
type. It is characterized by white and red pine, cedar an
hemlock among the conifers and such eastern hardwoods
as maple, yellow birch, elm, ash, basswood, beech, etc:
The white and ted pine reach Manitoba as do also the
cedar, black ash, white elm and basswood ; the other trees
of this type are usually confined to Ontario and the pro-
vinces farther east. .

Manitoba in 1913 cut a total of 71,061,000 feet Og
lumber in her saw mills. Spruce formed about go% ©
this quantity as in the other prairie provinces. Smalleé'
quantities of poplar, tamarack, jack pine, birch an
balsam fir are also produced. Five forest reserves haveé
been set aside, containing an area of 2,629,440 acres.

acres

Ontario is Canada’s largest lumber producing pro-
vince and probably contains more mature standing tlf{‘t"e;
than any other province excepting, perhaps, Brltlsd
Columbia. The land area of Ontario has been estimate
at 234,163,200 acres (365,880 square miles). The
greater part of this area is covered with the northert
forest type of spruce, jack pine, poplar, balsam fir a';le
tamarack, and parts of the northwestern portion of t )
province are treeless or covered with timber of no Comt
mercial value. This northern type in Ontario covers 2
least 180 million acres. South of this in Ontario and,
generally speaking, south of the height of land betwe;’;
the St. Lawrence and Hudson Bay basins, we find t

: ; e
southern Laurentian type of forest which covers the

southern rim of the Laurentian shield of rock formatiof
This type covers some hundred million acres in ()n.ta.rlg
and Quebec, and has been estimated to contain 200 _bll!‘o
feet of saw timber. In this area are situated the prmclpaa
forest reserves of both these provinces. Ontario has g
forest reserve area of 11,539,200 acres (18,030 squafe
miles) and Quebec has 111,400,320 acres (174,062 Sql_’are
miles). Ontario is Canada’s premier white pine provin®

.
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and the stand. of this species has been estimated at about
40 billion feet. The productive forest area in Ontario
Probably consists of from 7o to go million acres.

South of the southern Laurentian type we find the
Dorthern fringe of the great central hardwood type of the

Dited States. This type of forest covers the middle west
and eastern states of the Union and extends across the

Oundary to Southern Quebec and Ontario. :

Ontario in 1913 cut 1,101,066,000 board feet
ber, of which white pine formed about half of the total.

€ cut was made up as follows: White pine, 46.9% ;
femlock, 13%; red pine, 12.0%; spruce, 9.5% ; maple (the
Most important hardwood), 5.6%, and twenty-two other
kinds of wood, making a total of twenty-seven kinds.

. Quebec, with its recently added territory, now con-
ta.ms a land area of 442,153,600 acres (690,865 square
iles).  of this, about 367 million acres belong to the
Northern Forest type of pure conifers, 50 million to the
*Outhern Laurentian type of conifers with mixed hard-
Woods and about 5 million acres to the hardwood type.

€ eastern counties of Quebec, south of the St. Law-
g belong to another type which is characteristic of

€ Maritime provinces, and is similar to the southern
durentian.  This type in Quebec covers about twenty
Million acres.

The Quebec government has reserved 111,400,320
4Cres (114,063 square miles) of forest land. The greater
Part of this lies in the northern portion of the province,
Cither in southern Laurentian or Northern Forest type
A0d most of it is not heavily timbered.
S Quebec in 1913 cut 630,346,000 feet of_lumber.

Pruce here forms 635.4% of the total, white pine or31y
'1.4% and hemlock 6.19%,; birch comes fourth on the list

ith 5,49/ and is the most,important hardwood. Gen-
crally speaking, the rest of the lumber output is similar

n Composition to that of Ontario.
a The provinces of New Brunswick : 1
fid the eastern counties of Quebec, or 1n short tf}at par
Canada lying south of the St. Lawrence River, 1s
Covered by a forest type often called the Acadian. This
‘onsists chiefly of birch, maple and peech, with smaller
Quantities of basswood, ash, elm, oak and butternut.
e?‘ Spruce is the most important conifer as corppared to
hite pine in the southern Laurentian, and .whxte spruce
1 the northern forest type. White and red pine aré found
M the Acadian type often in great abundance, but pure
“tands are scarce and most of the best material has been
"Moved, The forest area might make up 2 total of 14
tlion acres, and is supposed to contain in round figures
100 hilljon feet of lumber. There are no forest reserves
g ke Maritime Provinces.
New Brunswick has a land area of 17,863,040 acres

{27,011 square miles). The forest area has been estlme;qten
2 million acres, but this, of course, includes more tha

°Mmercial saw timber land. The standing !
t'een estimated at 22 billion feet of the following Composl-
'n: Spruce, 60%; pine, 10%, hemlock, 5%; cedar, 5%
3 hardwoods, 20%. With the spruce in this estimate
Yould be included halsam fir which is often sold ml?etz
:;lt spruce. New Brunswick in 1913 cut 399’242’0.00 h?:;
P lumber of the following kinds: Spruce, 79-3/07 bt %
Ptlne, 7-8%.; hemlock, 5.5&00; balsam fir, 4.3%, and birC

(the most important hardwood), 1.4%- !
% Nova Scotia’s land area is 13,483,520 acres (21(’10 :
duare miles). The forest area has been.estxmate a
53794’000 acres, and the coniferous saw tlrpber at fgn
Wion feet hoard measure. The hardwoods might provice

of lum-

ck and Nova Scotia

ding timber has
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five billion feet. - The standing timber (conifers) would
have the following composition: Red spruce, five billion
feet; hemlock, three billion; white pine, one billion, and
the remainder, balsam fir,~tamarack, red and jack pine,
and white and black spruce. The hardwoods would be:
Beech, 40%; sugar maple, 30% ; yellor birch, 20%, and
white and wire birch, soft maple, red oak, white ash and
black ash, the remaining 10%. Nova Scotia cut about
274,722,000 board feet of lumber in 1913. Spruce formed
56.9% and hemlock 23.29% of this total. Seventeen kinds
of wood in all have been reported from this province.

The forest area of Prince Edward Island is too small
to be considered in a general estimate of this sort as the
entire area of the province is only 1,397,760 acres (2,184
square miles). The annual production is 6,771,000 board
feet, of which spruce forms a half and balsam fir a quarter.
Fifteen kinds of wood in all were reported in 1g12.

WOLFE ISLAND MACADAM ROAD.

Some figures pertaining to macadam road construc-
tion appear in the recently issued 1914 report on highway
improvement in Ontario. The publication prepared by
the Ontario Office of Public Roads, under the direction of
Mr. W, A. McLean, provincial engineer of highways,
describes the construction of a model macadam road, on
Wolfe Island, adjacent to the city of Kingston. The road
selected for construction is one which receives a large
part of the traffic of the Island in reaching Marysville,
from which a municipal ferry runs to Kingston, to which
market the produce of the island is carried.

The road is constructed of broken limestone, quarried
on the island and adjacent to the road. The width of
grade is 26 feet between ditches, with stone spread from
12 to 14 feet wide, and uniformly 9 inches in thickness.
The distance macadamized was 1.41 miles, the work being
carried out in accordance with the specifications of the
Highways Department.

Before improvement, the road had only a clay sur-
face, was badly cut up, without drainage, and almost im-
passable during spring and fall months.

In constructing this road, suitable drainage was pro-
vided and the following concrete pipe culverts were laid :
One 15-inch, three 18-inch, and one 24-inch ; also one 36-
inch corrugated metal pipe culvert; all bedded in concrete
and having concrete head-walls. There are also two 4
ft. x 4 ft. reinforced concrete culverts 24 feet in length.

The unit cost per square yard of stone surface was
not quite 73 cents, as follows: Culverts and tiling at
farm entrances, $o.157; grading, $0.060; ditching,
$0.023 ; crushing, $o0.130; macadamizing, $0.106; rolling
and sprinkling, $0.068; coal and oil, $0.042; supervision,
$0.094; tools and repairs, $0.014; plans and surveys,
$0.008; sundries, $0.022. Unit cost per square yard,

$o.724.

The first central-station system for supplying electrical
energy for light and power purposes was put into opera-
tion at Holborn Viaduct. London, on January 12, 1882. This
plant, however, was for purely exhibition purposes and
could hardly be called a commercial installation. Appleton,
Wisconsin, can probably claim credit for starting the first
commercial central station installation in the world. on April
20, 1882. This plant was necessarily small. The first large
installation erected anywhere in the world was that of the
Edison Electric Illuminating Company of New York, which
commenced operation in the fall of the same year.
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TOPOGRAPHICAL RAILWAY TRAVERSING.

By J. A. MacDonald.

localities, it is usually necessary to traverse the lakes

and other larger bodies of water contiguous to the

line. On the Grand Trunk Pacific, for instance, it
was necessary, in many parts of the country, to traverse
the lakes and map the country, for much of the region
through which the railway ran had never been mapped.
On striking a large body of water, it is necessary for the
surveyor to learn from topographical investigations,
which side of the water or lake is most suitable for the
line, and in order to determine this a traverse of the lake

IN running a preliminary line, except in old and settled
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Fig. 1.

is absolutely necessary. While making this traverse, a
large amount of topography can also be taken.

In these traverses the stadia is used for measuring
distance, for rise and fall of the ground, and for obtain-
ing the necessary topographical features of the country.
By the use of the stadia, surveys of rivers, lakes and
other bodies of water, etc., are made quickly and at a
moderate cost. The stadia party consists of the surveyor,
assistant, two rodmen, a couple of axemen and, where
bodies of water are met with, a small boat or canoe,
which may also require another man. A folding boat will
be found the most convenient.

The traverse of a lake is made from one or more in-
strumental stations or hubs, at or near the shore, the rod-
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men following the bank and giving side shots at suitable
distances apart. For rivers and narrow lakes there is aP
advantage in keeping one rodman on each side and suf”
veying both sides at the same time. Under normal condi-
tions the survey will be made on one side only, the front
rodman travelling away from, and the rear rodma?n
travelling towards, the surveyor. The latter having
reached the surveyor, or transit man, and the former th€
next instrumental station, the surveyor moves his instru”
ment to the next station while the rodmen are waiting 19
their places. Upon the arrival of the instrumentman or
surveyor, the front rodman shows him the point of the
new station, and the instrument is set up. The rear rog-
man places his rod upon the last station for orienting th¢
transit, and the other can take charge of the folding boat
and get a few soundings. He also gives side shots for
stations at islands.

The procedure is better understood from the accom”
panying example: Commence the survey at a hub or 18~
strument station, as, for example, at 569 + 79, in Fig. I
Explain to the rodmen, if they are inexperienced, how 18
Vertical Corrected
Angle Distance
Station 1; oh 569+70. Line south 34°34' west.

Point Distance Bearing Remarks

a L50 307900’ 6°40' 152 Top of valley bank
b 3.50 115°30"  2°45 3.53 Foot of valley ba?
2) 13.43  122°36°  5°50°  13.63

Station 2; marshy shore 6 chains wide. No perceptible rise:
Water 5’ deep, 15 chains from shore.

c 4.57 31°25' 4.68

d 5.15 252047 5.28

e 9.18 46°40/ 9.40

f 9.87  238°12' 10.04 R
g 1423  224°51’ 1456 Creek 107 wide

h 16.41  212°38’ 16.78 deep

Kk 16.75  198°09’ 17.14

1 17.10  180°53' : 17.49

(3) 19.31  171°07 19.74

Ground rising 6" per 100' to foot

*

Station 3; sandy beach 30’ wide.
of valley banks. Water 11" deep, 3 chains from shore.

estimated To foot of valley

m 20. 2080’

n 10. 2°40’ estimated bank

o 5.52 191°31’ 5.65 e
p 15. 250°00 Distance estim?

Fig. 2.

“hold the rod vertical, how to ascertain it is not hiddenr

and how to select a new instrument station. Arrang€ also
a system of signals with the rodmen for directing' them
to stop or start again, as to indicate that the 1O 5
hidden. Some signals can be made with the arms ©OF )
flag may be necessary at a great distance. Before th
front rodman leaves the instrument, show him whereé
next instrumental station is to be.

For distances greater than 1,300 feet use only ha}“li
the wire interval, thereby being able to read, on
ordinary 13-ft. rod, 2,600 ft.

It is seldom necessary to record vertical angles
the shore; it is frequently necessary, however, to “
in getting the topography, as the lake or river may haVe
steep banks. Distances read with the whole interval af
more accurate than with the half intervals. The lengfh'
of course, between stations (1)-and (2) on the plan (Fig-
1), should be more carefully measured and read than t
side shots.

The left page of the field book is for the notes
Fig. 2) and the right page is used for the plan of

along
do s@

(see
the

survey (Fig. 1). The stations of the traverse is deSig;
nated by numbers, the side shots by letters. In the ﬁ;;zt

column of the left page, enter the letter of the side S
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or number of station sighted on. The second column is
for distance read or estimated. The third column for the
bearing, for convenience from o° to 3600; the fourth
column for the vertical angle which, as already said, may
generally be neglected ; the fifth column for the corrected
dl_Sta“CC, and the remainder of the page for remarks. It
Will only be necessary to make the corrected distances,
fifth column, is the sights from one instrumental station
to the next.

' At each instrument station enter in the notes the
estimated horizontal distance between high and low-water
marks. The nature of the shore, whether sandy, gravelly,
rocky, marshy, etc. The nature of the bank, the sur-
rounding land, whether low, marshy, swampy, high,
Steep, rocky, dry, timbered, etc., and all necessary topo-
8raphy in the vicinity. Also, note the nature and exten.t
of the slopes toward the lake or river, and the approxi-
mate depth of the water where it can be obtained.

Soundings should be taken at each instrument station
When practicable. When the lake is shallow fewer sound-
Ings will be necessary. For soundings, procure 2 Y%~
inch hemp rope, attach 2 or 3 Ibs. of lead and mark every
00t of the rope with small pieces of string. Mark every
ten feet with a strip of red bunting or other woq]len
Material, and every five feet with a strip of blue bunting:
An ordinary 13-ft. level-rod answers.

Plotting the Survey.—Make the plot on ruled or
Cross-section paper on a generous scale. Commence by
Plotting carefully the instrumental statins; then mark the
north and south points of each station; put a fine needle
through the centre of the protractor and plot the side
shots,

The stations are plotted by placing the diameter of
the protractor parallel with lines of the paper and mark-
ng the course. A straight line is drawn between the two
Points so marked and the length of the course is plotted
With the scale. After all the stations have been marked,
the side shots are plotted by putting the needle through
the centre of the protractor. A careful plot of Eiieeoie
of the traverse is accurate enough for the purposeé of the
SurVey_

In the case of inclined sights, these may be r?duced

Y means of the slide rule. The constant of the instru
Ment may be neglected except perhaps in the case of 1n-
Strument stations.

The plot can now be tran

;v]e“‘known methods or plotted directly in the 400°
ap of the preliminary. 38

Any tOp%graphicalyinformation that will facilitate the
finding of the best ground for the final location, must not
be overlooked in the traverse.

sferred by one of the several
ft. scale

T e

da, in placer and
4, 1s estimated’at
as compared with

mil The total production of gold in Cana
Ml bullion and in smelter products 1n 101
770,374 fine ounces, valued at $15,025,044> 4 showing
a02'°73 fine ounces, valued at $16,508,923, '1 19(‘)?’, h total
decrease of $673,870 or about 4 per cent. the e
Production in 1914, about $5,605,508 Was e from
Placer and alluvial mining—$6,050,600 1% it rn
Milling ores. and $4,228,846 from matte, blister coppeg at.al
Other smelter productys‘ otc. The production e Cc;)lllt
i:gd Quebec is small c,ompared with the ogher provx«nc§s,

. g T ¢ CTe O
milliop goﬁgtr‘:nciufsté.tth? extsenSiO‘“ of milling fac1l}\)g1esw;2
the Porcupine field. The production in British C(ﬁl-lm lé‘ 0

5.277 143, The Yukon production ShOWS % fal 2 against
$721,38;. the total in 1014 being $5,125,300, 27

$5.846.780 in 1913.
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SEPARATION OF GREASE FROM SEWAGE.

waste products has. led to much experimentation
with a view to turnimg to some profitable account
the sewage which was formerly wasted. Enormous
quantities of sewage sludge are produced yearly by the
most commonly used methods of purification. Getting rid
of this sludge has heretofore formed a large item in the
cost of sewage disposal and no profit except in isolated
instances (its sale as fertilizer, etc.) may be derived from
it. One of the most valuable by-products obtainable from
sludge is grease, and due to the failure of other schemes
to produce a marked reduction in the disposal cost, the
attention of many investigators has concentrated upon the
problem of the extraction of grease from sewage. s
Various processes have been evolved for the recovery
of this grease, the most successful of which is the instal-
lation at Bradford, England, where the large percentage
of fat in the sewage from the wool industry is peculiarly
favorable to a profitable extraction of grease. The sewage
is passed through detritus tanks and then through revolv-
ing screens. Sulphuric acid is then added to the sewage
in such quantities as to give an excess of about 50 parts
per million of free sulphuric acid; the sludge being pre-
cipitated in continuous flow tanks. This sludge contains
an average of 78% moisture and 79% of fatty matter. It
is then raised by compressed air into the sludge-pressing
houses, where it is screened, acidified with sulphuric acid,
heated to ¥go® C. by exhaust steam in open vats, and
then pressed. The presses are heated -by steam so that
the fatty matters are kept fluid and pass away from the
presses with the liquor. The fatty matter is then
separated from the water, purified and sold. In 1907 a
slight profit was reported, but as overhead charges were
not included, this profit is to be questioned.

Experiments recently made at Boston, Mass., have
indicated that the treatment of raw sewage by sulphur
dioxide gas produced by the burning of pyrites facilitate
the separation of fats to a marked extent. The cost of
acidification in this manner is claimed to be slight as
compared with the use of sulphuric acid. The sludge is
dried and the fat extracted with some solvent. The pro-
cess, however, has not passed the experimental stage and
o has not been tried on a working scale.

An interesting set of experiments is described by
Messrs. P. N. Daniels and J. R. Rosenfeld in ‘“The Cornell
Civil Engineer’’ for October, 1915: These experimenters
sought to ascertain whether the treatment of raw sewage
by sulphur dioxide gas facilitated the separation of fats
to a marked extent and whether the cost was much
cheaper than the sulphuric acid process. ;

The experiments were conducted at the sewage dis-
posal plant of the city of Ithaca. The city has a normal
population of about 15,000, but during most of the year
an additional 5,000 is added through the students of
Cornell University. = As Ithaca contains few manufac-
turies, little trade waste finds its way into the sewage °
flow which averages approximately 3,000,000 gallons_ a
day. The sewerage also contains a large amount of iti-
filtrated water. ‘An average of about five sets cf runs
made between 3 and 4 p.m.-upon sewage from the inlet
channel early in the fall gave the following results : Total
solids, 304 parts per million: solids in suspension, IT§
parts per million., An average of five sets of runs made
in Apri‘l, 1914, upon sewage taken from the same place
at 12:30 p.m. gave total solids as 725 parts’ pe” mi'lion,
g1o parts per million for total solids taken

THE present-day tendency toward utilization of all

and a value of
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ASPHALT AND ITS USES.
Mr. Charles Ekstrand, M.E., in a paper on ‘‘Asphalt,
Its History, Manufacture and Uses,”” read before the
Brooklyn Engineers’ Club, sums up in the following way
the points that are important to obtain a goog asphalt:
(1) The selection of the best crude oil for good
asphalt production.

(2) The proper treatment for the material required.

(3) As low heat as possible, and that heat applied the
shortest possible time.

(4) All the heavy oils, such as lubricating oils, which
do not evaporate quickly, must be retained in the asphalt.

(5) No mixing of oils, or of asphalts obtained from
different oils must be done, as each oil varying in its
chemical constituents, varies also in its physical char-
acteristics and requires different treatment.

(6) It must be uniform in character and tests.

The treatment that asphalt should receive during its
reduction, depends on the uses to which the asphalt is
to be put.

There are two main divisions in the treatment of
asphalt, viz., distillation with the addition of steam, and
of air.

In the first method the oil is heated to about 300° F.
when steam is introduced through perforated pipes into
the bottom of the vessel, the temperature gradually raised
until it is sufficiently high to distill over enough of the
lower boiling point fractions, in order to leave a residue
which fulfils the requirements of the material wanted.
The steam in this case acts as a cooling agent and also
as a mechanical carrier of the light hydro-carbons which
it is desired to drive off.

The asphalt so made is suitable for paving, either
sheet asphalt or penetration method, for waterproofing,
saturating, roofing, etc.

Its high boiling point, small percentage of loss at
elevated temperature (300-400° F.), slight change at ex-
treme temperatures, and slight action of water makes it
extremely well adapted for the above uses.

Following are the characteristics of a paving asphalt
of a penetration widely used :
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application have been in use for years and new methods
are constantly being devised. For the heaviest traffic,
such as that prevailing in business streets of a city, the
sheet asphalt on concrete foundation is very satisfactory
and lasting. Other methods of application are the bitu-
lithic or graded method, Telford bituminous macadam,
Topeka mixture, penetration method, etc. The best
method for any street or road should be carefully deter-
mined by an engineer having intimate knowledge of the
various methods, and a careful consideration for the
weight of traffic to which the street will be subjected after
paving. To make a good asphalt pavement it is necessary
to have good asphalt, but very poor paving can be done
with good asphalt. The asphalt being only the binder
and the waterproofing, the wear and tear comes on the
stone and sand, and it is necessary that these are of the
highest quality and properly graded so as to have a com-
pact mass with just enough of bitumen to bind e;}ch
particle together and to prevent moisture from penetrating
below the surface. It is also necessary to have a good
foundation so that no sagging or sinking can take place
under the traffic load. Having all the above of the very
best that can be found, they only constitute 50 per cent.
of what is necessary for a good asphalt pavement. The
other 50 per cent. lies in the judgment used in selecting
the proper hardness of the bitumen and in the care V‘_/'lth
which the materials are graded and mixed and applied.
In other words, one-half of a good pavement depends on
the quality of material, and the other half depends on the
quality of brains, labor and application. ;
The greatest enemy to a good asphalt pavement IS
moisture. It is necessary that the bitumen be absolutely
free from moisture, that the stone and aggregates are
free from moisture when mixed with the bitumen, an
that the mixture is kept free from moisture until it is laid
in place and rolled down to a compact mass. If the ston€
is put down cold, containing more or less moisture, and
the bitumen is put on hot, when this hot bitumen sur~
rounds the stone, the moisture will be expanded and forced
toward the surface, forming a film between the stone an
the bitumen, which will prevent a perfect union between
the two. Eventually disintegrafion will take place, and
more moisture admitted to the interior of the pavement,
ruts will form and grow, an

S GE Gt 7 s S il s 1.048 Sol. in 76° naphtha ............. 78.6% 3 ‘ble
MaP(Mabery)r e isn s sl 'ste 143° F. Sol. in carbon tetrachloride ...... 99.85% ::(Z;OE;S wxl’};(e)or;nl?e at;i(:; to
Bénsratigetrlirsitniel o 1.7 m.m. Sol. in carbon bisulphide ........ 99.90//) recorr?ménd i sysytem T
ST VR T e SO i 5.5 m.m. Loss on 20 grams 5 hrs. Gl R LT : 11
Pen. at 115° F. ... . ...... 19.6 m.m. Flash open cup .......covenveen 550° F lr?e‘Zefsi;‘Zf-if;stt).e }ll\g:i,r;tenance b

Ductility at 77:%: o' s OVer, 100 Cas ASH: kickie = sl eis slstsioist o sleis sia e s None Following ard - some e

The range in penetrations between 32° and 115° F.
shows an interesting characteristic of the heavy crude
asphalts. Its high ductility is generally considered in its
favor. For waterproofing, an asphalt of a higher pene-
tration is generally used.

The test of such material follows:

that are important to consider to obtain the best results
in asphalt paving : i

(1) Select the best quality asphalt.

(2) Select the proper grade of asphalt for the traffic
load expected on the street, and for the condition of the
street, i.e., a sunny street and heavy load need a harder
grade of asphalt, a shaded

SLANG S S s e e ek 1.045 Sol. in carbon tetrachloride ....... 99.9% - 2
M P, (Mublery) . usi cinwpswaicns 130° F. Sol. in carbon bisulphide ......... 99-9% Strfeet andda hfght lga;it needs
N e A T e U T 8.3 m.m. Loss on 20 grams 5 min. 325° F... 0.5% soé;a'r Jracen ZSP o st
Bie ity gt 77 SonL St Ovetiirao ey (ASHENET T oo S s None imatic conditions

The asphalt must be of good saturating qualities,
small effect of temperature changes, and insoluble in
water to make it effective. For roofing, a higher melting
point material is usually used.

There is more asphalt used for road building than for
all other purposes put together. Numerous methods of

also be taken into account.
(3) Select the best and hardest wearing material for
the aggregates.
(4) Adequate foundation, and a good crown On the
street so as to shed all surface moisture rapidly.
(5) Proper proportioning and mixing of the aggre”
gates so as to have a minimum of voids.
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(6) Proper proportioning of bitumen so that every
particle of the aggregates are coated and no more.

(7) Heating of all the materials so that no moisture
is present during the mixing and application.

(8) A thorough rolling so that the aggregates are
squeezed together in a solid mass. :

INFLUENCE OF TEMPERATURE ON THE
STRENGTH OF CONCRETE.

construction and at all seasons of the year renders
important a knowledge of the effect of temperature
" upon the strength of this material. It is of special
economic importance to the contractor or the builder to
be informed concerning the strength of concrete at early
ages under different temperature conditions so that he
may know when to remove forms and what loads may be
safely applied to the different parts of a structure.

r [‘HE general use of concrete in various kinds of

The subject of temperature influence is dealt with in
a bulletin recently issued by the engineering experiment
station of the University of Illinois. The author, Prof.
A. B. McDaniel, of the department of civil engineering,
presents the results of three groups of tests on (1) forty-
five 6 x 6-in. cylinders; (2) fifty-one 6-in. cubes, and (3)
sixty 8 x 16-in. cylinders, under such temperature condi-
tions as were allowed by the facilities available. Pro-
fessors A. N. Talbot and Ira O. Baker co-operated with
Mr. McDaniel in planning the tests and in interpreting
the data. The quality of the materials chosen is repre-
sentative of the ingredients of concrete work in the
middle west.

All the concrete was composed of 1 part cement, 2
parts sand, and 4 parts broken stone, by weight ; corre-
sponding to 1 part cement, 2.2 parts sand, and 3.6 parts
broken stone, by volume. The materials for each speci-
men were weighed out separately and then mixed. The
mixing of the concrete for Group I. was done with a
trowel in a large galvanized iron pan. The cement and
sand were first mixed dry to a uniform color and spread
out in a layer of uniform thickness over the bottom of the
pan. The stone was then added, and the whole mass
given four complete turnings, which secured thorough
incorporation of the dry materials. ~Water was added,
and the material turned until thoroughly mixed. The con-
crete was gathered together in a compact mass, in one
end of the mixing pan, so as to reduce evaporation losses
to a minimum. The time of mixing of each specimen was
kept as nearly constant as possible.

The concrete used in Groups II. and III. was mixed
in similar manner to that of Group I., but was mixed on
the concrete floor of the laboratory with shovels. The
specimens were classified according to the form of test
specimen and storage conditions, as shown in Table I.

Table I.—Description of Test Specimens.

Rtaqt
Group | Set *niclle‘:q,i Number and Age of Specimens
Num-| When Tested.
| Farm
_ber
1 A 15 6x6°n 5 specimens of each set; at
B | 15 | cylinders 7. 14, and 28 days.
(&) 15
|
11 D | I8 6-in. 8 specimens of each set: at
R 18 cubes 4, 7, 11, 14, and 28 days-
F 18
111 G 15 | 8x16in. 3 spocimens of each set; at
H| I5 \‘ cylinders 3, 7, 10, 14, and 28 days:
1 15
| m| 15
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The forms used for Group 1. were sheet-iron cylinders
6 in. in diameter and 6 in. high. The specimens of Group
I1. were molded in three-gang cube forms made up of two
6-in. channels and plates placed 6 in. apart. The forms
for the specimens of Group I11. were sections of standard
8-in. wrought iron pipe, 16 in. long. The forms were
removed from the specimens after a storage of two days.
Table II. shows the weight of the dry materials, the per
cent. of water in terms of the total dry materials, the tem-
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Average Mean Temperature- Degrees fahr.

Fig, 1.—Relation of Strength to Temperature for
Different Ages.

perature of the room and of the concrete, and the average -
time of molding.

Prof. McDaniel draws the following general con-
clusions from the results obtained :

Under uniform temperature conditions, there was an
increase of strength with age within the limits of the
tests. For any temperature the rate of increase decreases

Table 11.—Data Concerning Molding of Specimens.

Type ,Ar‘i’[‘;l":ﬁ? Ter‘x\mv:-atire Weights of Materials | Water
of Set : peH per
Srecimen Molding. cent.
minut: s Air Con- |Cement | Sand, | Stone,
1o g 3 crete 1b. 1b. 'h
6.in. A 8.5 32°F 70°F.| 2.17 4.34 8.68 10.0
cyl'nders B 8.5 65 71 2.17 4.34 8.68 100
C 8.5 84 70 2.17 4.34 8.68 100
6 in. D 7.0 77 70 2.42 4.84 9.68 10.0
cubes B 7.0 75 70 2.42 4.84 9.68 110
F 7.0 71 69 242 l 4.84 9.68 10.0
6-in. n 68 69 10.2 20.4 40.8 9.3
cylinders H
1
M

with the age of the specimen; and this rate of increase is
less correspondingly at the lower temperature conditions.
For the specimens tested, under normal hardening tem-
perature conditions of from 6o to 70° F., the compressive
strength of the concrete subjected to a uniform tempera-
ture at the ages of 7, 14, and 21 days may be taken as
approximately 50 per cent., 75 per cent. and go per cent.
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of the strength at 28 days, respectively. For lower tem-
peratures the percentage values are less; and for higher
temperatures the percentages are higher. The relation
between the percentage values at the ages of 7, 14, 21
and 28 days is nearly the same for temperature conditions
from 30° to 70° F. However, the values for the lower
temperatures should be used with caution.

Concrete which is maintained at a temperature of
60° to 70° F. will at the age of one week have practically
double the strength of the same material which is kept
at a temperature of 32° to 40° F.

Figs. 1 and 2 may be used to determine the repre-
sentative strength of concrete similar to that used in
these tests, for various temperature conditions and for
ages up to 28 days. These diagrams may be used with
a fair degree of approximation to ascertain the relative
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Fig. 2.—Percentages of Strength for Different
Temperatures.

strengths which concrete of ordinary practice may be ex-
pected to attain at the different temperatures. It should
be noted that generally in this investigation the, speci-
mens were stored under temperatures which were nearly
uniform during the whole storage peripd. In set F the
variations in temperature include a number of alterations
above and below the freezing point and the specimens
were seriously injured. The results accord with the well-
known effect of freezing and thawing upon green concrete.

The yearly gold production of the world at the present
time is estimated at about $470,000,000, of which nearly two-
thirds are produced in the British Empire.

According to a trade and commerce report, the output
of the principal minerals in Japan proper during the year
1914 was as follows:—

Gold (ozs., troy) ..... 0 s el oA it oo 164,087
S1lver SlOZS OO i1 ke s A At s Bk T 4,615,422
(o OpBers (IRE Nt e s s o 133,704,725

Cast-iron : (meties ons ) 5 v ., 60,400

Coal (metrictonSh B 10l Ty B i 10.310,430
Keroseme (United States’ gallons) 76 000.000
Sulphisr. . (FONS )i, mubr 3L s 3 54,500

Volume 29.

SUPPLEMENTAL POWER FOR HYDRO-ELECTRIC
PLANTS.

American Institute of Electrical Engineers on October

11th, Mr. ]J. F. Vaughan outlines the functions of

steam or other forms of prime mover power plant
furnishing relay and supplemental power for systems,
whose normal source of power is water, as follows: I.,
standby for breakdown; II., relay for low water; III.,
supplemental for carrying peak of load; IV., as base load
capacity when load dominates the water power and water
power becomes supplemental to steam.

The characteristics of the supplemental plant types
corresponding to the above functions are: For functions
I., II. and III., low fixed charges and low standby cost;
for functions I. and III., quick starting ; for functions II.
and III., moderate operating costs; for function IV., low
operating costs.

The plant types are: I. Classified by ownership—(1)
Power Company’s; (2) Power Customers’. II. Classified
by origin—(1) Existing plants; (2) Extension of existing
plants; (3) New plants. III. Classified by equipment—(1)
Second-hand equipment; (2) Cheap new equipment with
simple auxiliaries; (3) High economy equipment with full
auxiliaries.

The author represents the relative commercial value
of the functions of the supplemental plant in various ways ;
for instance, assuming the entirely new system, whose
market is created by the water power development and
grows gradually through a term of years until it exceeds
the capacity of the water power available. Assuming
for discussion a term of 25 years, the relative value of
each function for various periods expressed in per cent.
of the total commercial value of a supplemental plant
is tabulated as follows :

I N a paper presented at the Philadelphia meeting of the

Ist year 2nd year 5thyear 10th year 25th year

Breakdown (I) 100 75 50 10 0
Low Water (1) 0 25 50 15 0
Peak Capacity (III) 0 0 0 25 0
Base Load (IV) 0 0 0 50 100

Total 100 100 100 100 100

These relations are further explained by tabulating
according to functions and characteristics :

Breakdown Low water Peak Base load
Quick start Lowinvestment Low investment Reliability
Low investment Economy Quick start Economy
Reliability Reliability Reliability Low investment
Economy Quick start Economy Quick start

It is evident that in order to minimize fixed charges,
the existing steam capacity should be utilized as far as
possible whether it belongs to the water power company
or its customers, and insofar as the supplemental capacity
is required for standby, or for small annual output—that
is to be used to produce kilowatt capacity, and not
kilowatt-hour output—even inefficient, second-hand, or
otherwise low-grade plant may be well adapted to the
purpose. :

As the supplemental plant is called on to furnish a
larger proportion of the demands of the system—that is,
as it operates on a higher and higher load factor—the
higher class of equipment required may not be found so0
readily available in existing plants. While this is par-
ticularly true in the smaller power systems, larger com-
munities may provide higher class installations, either in
the form of mill equipment or public service plants. In
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the older communities, where large systems have grown
up, supplied from well-developed steam installations,
water power supply may be ebtained from local small
sources, strictly supplemental to the steam plant, or may
be brought in over transmission lines from some outlying
water power system. In the latter case, the ideal would
be obtained by a traffic agreement between the two com-
panies by which the water power system could utilize to
the full the capacity of the steam plant to relay its own
system during low-water periods, and could furnish the
steam plant in return surplus power to reduce the fuel
consumption of the steam plant.

The author presents curves to indicate graphically,
by a hypothetical case, how the system load would
naturally be divided between the water power and supple-
mental plant. It is assumed that the water power plant
has sufficient pondage to enable it ultimately to carry the
daily peaks, leaving the base of the load to be handled by
the steam plant. The curves represent the four stages
indicated by functions I., II., III. and IV., expressed
above and relate to the following cases:

(1) The system load is assumed to be equal to but
not exceeding the low-water capacity of the water
power plant.

(2) The load exceeds the low-water capacity and
equals that of the water power plant. Steam supplement
is required during low water.

(3) The load exceeds at all times the water power
plant capacity calling for the daily use of the steam plant
to carry part of that load. During normal water, water
power takes the base reducing the hours of daily steam
operation. During low water, when water is insufficient
to carry the whole base to allow steam to operate on short
hours, the capacity is used to better advantage by
handling the base by steam.

(4) The load exceeds the water power capacity at all
times to such an extent that steam dominates the output.
Thé water power then, by taking advantage of its pondage
provides the peak load capacity and reduces its hours of
daily operation.

In order to illustrate what has been the general ex-
perience and practice of public service corporations utiliz-
ing water power in the eastern states, the author collected
information from a number of the more important com-
panies as to the general policy of the companies in utilizing
the existing capacity in steam plants of their customers,
also the general principles followed in the sale of power
‘calling for supplement either by the customers for their
own protection, or by the company for its own or its
customers’ benefit. The situation consists of three classes,
somewhat at variance with the above ideal classification.
They are:

(1) Markets already existing either wholly supplied
from steam or with steam dominating, and gradually
absorbing transmitted power.

(2) New, or recently developed water power installa-
tions or extensions seeking new markets are usually more
or less supplemented by steam.

(3) Power sources extended either by re-development
or by interconnection with other powers by means of
electric transmission to better serve the territory covered.

The power customers having steam plants available
for auxiliary use are of three classes:

(1) Public service railway, light and power companies.

(2) Mills having their own steam plants.
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(3) Other water power developments having surplus
steam plant capacity.

In addition, information was sought on the extent to
which the various companies have found it advisable to
relay their water power; the extent to which they had
been able to obtain the use of their customers’ steam
capacity; the principal uses to which the supplemental
plants had been put; the general location of supplemental
capacity ; the general method of getting and paying for
the customers’ supplemental capacity; the methods em-
ployed of quick steaming and starting ; and the organiza-
tion for, and time necessary to start and pick up the load.

A company operating about 50,000 kw. of water
power capacity started out a few years ago with th