PAGES

MISSING



!
Volume 27. Toronto, December 3, 1914 Cotitents of this issue on page 3

The Canadian Engineer

A weekly paper for engineers and engineering-contractors
N&HHHHillhllilillllllhilHINlIIIHIH:IHHIIHIIIIHUJ1IIIIHHIIHHMHI:IH.’UIIIHHIHHUHIIHIIIIIHIIHH!IIIIHIHIIIHIIIIIIHH[IHIIIIIIIIIIIIH[HHHIIIHIIHIHI(IIHHIIIIIIIIIIHIHIIHIIIIHIIllIlIIIIIIIIIIIHIIHIMI

-‘lllllflﬂlllll!lIIIIlIHIIIlIIIIIHIHHIIIIIIIII|HHII!IIIIIlIHIIIIIIIIIIIIIIIIIIIIllll|HIIIIIIIIIIIIIIIHHIHIIIIIIINIIHllHlHIIHHHIHiilHIHIJ1;III(JJmH}HI\'HHJHIHHHIIIE

STREAM FLOW INVESTIGATIONS

NOTES ON METEOROLOGICAL PHENOMENA WITH REFERENCE TO
STORAGE INVESTIGATIONS OF THE

GOVERNMENT POWER AND
BOW RIVER—FROM REPORT OF M. C. HENDRY, CHIEF ENGINEER.
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question soon reveals the fallacy of this assumption, for

4
HE various relations which exist between precipita- . re ; of th :
tion, altitude, run-off, temperature, evaporation, the relationship is anything but simple, being influenced
m flow exceedingly by a great many physical features of a rather indeter-

etc., make the study of strea ] ;
complex. While the influence of each is not in all : LT
The collection of precipitation data all over the

tcliises a direct one it is frequently of such magmt.ude > :
at to regard it lightly leads to inaccuracies of serious country has been carried on for'a comparatively long term
Dature, Ip hydro-electric development work all factors of years, whereas data regarding the run-off of streams
lnﬂue“Ciﬂg the discharé'e of the river or stream demand are rather meagre. If: there'fore, some general relation
“Closest investigation R period of years in order that can be established between rainfall and run-off, the study

minate nature.
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Fig. 1.—Daily Discharge and Mean Temperature,
of the streams from the standpoint of power production

re !
asured to a degroe can be placed upon a more satisfactory basis. In the
data have been collected for a very short

Bow River, Banfi, Alta.
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is of the propo teristics and term of years, and only g the last three has a con-
characte tinuous record of the discharge been kept; thus the im-
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thej ve study of these physica
b hliscauses, e g b it C \Z:Eg;y portance of a general relationship between recorded pre-
' Ay storage in . ortan g
NS of th, tBreport_ on the power an?‘aation% were made cipitation and.run' off is 111. the n"10re app'are?t.
. e Bow River. These investig llies, Super- The distribution of rainfall in any district or part of
B uniform. The records throughout
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COmplisheq ; s of the Bow River not _exten_ g A Yd gd pﬁe , nor are the
basin Ty on the.water resources noteS'reSPeéting stations widely enoug Scfa ered to define areas in which
Meteoro]oe: iefly outlined. The folloWLng bove report: certain amounts of "a"; all may be expected. In the
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nectione importance of a study of precipitatio AR indicate a .general conformation to cpndltlons f01.md to
too % w:t}3 the flow of streams cannot be emp direct the south, in the United States; that is, that the lines of
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ation an divergences due to local influences.

“off i that the relation between precipit e
® @ simple one. A little time spent in the study of th
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Relation of Precipitation to Altitude.—Generally
speaking, precipitation decreases with the increase in alti-
tude. It has been found in travelling westward away
from the Atlantic that as the country rises, the rainfall
decreases. This general rule, however, does not seem
to apply to the precipitation in the valley of the Bow
River ; in fact, the direct opposite is apparently the case
in practically all the territory forming the eastern slope
of the Rockies. 'An examination of the records will show
that as the altitude increases on the eastern slope, the
precipitation increases. Special local influences are at
work here, however, the mountain ranges in which are
situated the sources of the rivers, causing this reversal of
the general rule.

The warm, moisture-laden winds from the Pacific are
first intercepted by the mountains of the Coast range and
deflected upwards to mingle with cold air currents or to
come in contact with land at a lower temperature; becom-
ing chilled below the temperature,of saturation, they de-
posit some of the moisture as snow or rain as they pass
over the mountains, giving rise to the heavy precipitation
near the coast, the greatest recorded o the continent.
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Fig. 2.—Daily Discharge (at Horseshoe Falls) and Mean
Temperature (at Banff, Alta.), Bow River.

They then pass over a stretch of low-lying land, deposit-
ing but little nmoisture until the Selkirk range is reached,
where the process is repeated. When the Rocky moun-
tains are reached the humidity of the air has become much
reduced, but the low temperatures reached at the higher
altitudes is sufficient to cause more precipitation ; there
fore, in the Bow River basin, with which we are dealing
and which is on the eastern slope of the Rockies, it is at
the higher altitudes that the greatest precipitation occurs.
The alteration of mountain ranges with stretches of
country of low altitude is accepted as the cause of the arid
and semi-arid regions to be found to the east of the con-
tinental divide.

Value of Records.—In making a study of rainfall in
any district, it should be borne in mind that the average
precipitation gives only a relative view of the question,
as great variation from the average annual precipitation
may occur at different points in the district. In this re-
gard no general law can be made to apply. The number
of conditions contributing are so great and variable that,
for special purposes, a detailed study of the rainfall in the
locality is necessary.

When studying precipitation records extending over
a given period, it is necessary to know what value may
be attached to them. Sir Alexander Binnie has given this
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question careful consideration in a paper published in the
proceedings of the Institution of Civil Engineers (Vol-
109, pages 89 to 172). He reached the conclusion that
for records extending over a period of 25 years, the mean
obtained would be within 2 per cent. of the true mean.
The conclusions reached by Mr. Rafter in a discussion 0

this paper were: that, for a period of 5-to 10 years, the
probable extreme difference from the mean would be I5
per cent., and of 10 to 15 years, 4.75 per cent. Other
authorities have expressed the opinion that it is necessary
to have records for a period as great as 40 years in order
that the mean may represent the true mean precipitation
within 5 per cent.

Accuracy of Records.—In Canada, the recording sta-
tions are all under the direction of the Meteorological Ser-
vice, and a standard method of obtaining the records is
adopted. It is to be noted, however, that the placing of the
recording instruments can have a very great influence upo®
the accuracy of the records. To arrive at the average pre
cipitation upon a district, it is necessary that as many
records as possible in the area to be considered should be
available, as conclusions based upon records from a limite!
number of stations are liable to be considerably in error:
An ideal condition under which to study rainfall dat2
would be attained if the stations were uniformly distri-
buted over the territory, or placed along each branch ©
the stream of which the relation between run-off and pré-
cipitation was to be established.

Distribution of Precipitation.—A study of the periodi*
cal distribution of the rainfall is interesting. Generally
this distribution throughout the year, from year to year
is fairly constant in any district, but is different in dif-
ferent districts. For instance, there is a similarity in the
distribution in the different localities along the Pacifi¢
coast; the same may be said of the territory to the eas
of the Rockies, while that portion around the Great Lakes
has its typical distribution.

Tables showing the fluctuation in the annual preciPi‘
tation recorded at Banff and Calgary have been preparé®
At Banff, the records are available at intervals from I
to 1896, from which year they are continuous to date;
during that period, the maximum precipitation occurf®
in 1902, 30.59 inches being recorded, and the minimu®
was 10.33 inches in 1903. The mean yearly precipitatio?
for twenty years is 19.13 inches. At Calgary, the records
are available from 1885 to date, during which interval t
lowest recorded annual precipitation occurred in 1892
7.91 inches being the amount; and in 1902, the maximu®
precipitation occurred, 34.57 inches being recorded. e
mean yearly precipitation over the period of 27 years 19
16.10 inches.

Owing to the scattered location of the recording St°
tions in the district—at Banff, Calgary, and ]umpmg' y
Pound (from the latter, only partial records are availablf)‘
—they do not truly represent the conditions obtaining ;.
the basin. N

As has been mentioned before, the precipitation “‘; 1
creases in this locality with the altitude. The altitude ot‘,jﬂ'

the station at Calgary is approximately 3,400, that =
Jumping Pound about 4,200, and at Banff 4,525 feet;,
and an examination of the records will show a gfeat:l",'
precipitation at Banff and Jumping Pound than at © i
gary, that recorded at Banff being the heaviest of th
three. The sources of the Bow River and its tributar® il
are at much greater altitude than is the gauging stat™
at Banff; in fact the greater part of the drainage ardé
above Kananaskis Falls lies above this altitude, SO th fﬂ:
the stations are by no means representative of the gfeate '
part of the drainage basin.

2
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__If the records
f the run-off on
run-off ex-

of prgfila.tt‘f"! of Precipitation to Run-off.
the bas'pl ation are co:mpared with those O
B s tlin, 1t ff"l.l be found that the recorded
. etra Pre(.lpl’lfll.l()n as .r(;:cor_ded at Banff, by as much
for mguntu?m;y 1_1_115 condition is by no means uncommon
B th:llr—ll istricts. Mr. John R. Freeman, In hl_s re-
. elc.h Hetchy water supply for San Francisco,
L3
the fa(I:[t] rlegard to the excess of ru
8 outl A depth of run-off exceeded depth of
the catell simply proves that the average precipitation for
Eor: chment as a whole was far greater than at this
paratively sheltered spot of lower altitude at the out-

let of the valiley.”

Shs _lhis condition holds in the
sizes the need of more stations for the re

Precipitation.
ruﬂ_ocf)fn ;CCOUM of the short period over whi'c}} cqmplete
i ata are _avallable, and the few precipitation re-
tio g Sta“_ons in the catchment area, no dehxlnt.e r'ela-
n can he éstablished between run-off and precipitation.
of ‘j-[honly CO“CI_USiOn that can be arrived at from a study
1911 etsle data is 'tha.t.for' the water years from 1909 to
meax; ]e, mean precipitation has been negrly equal to the
recordygdrly precipitation er the last sixteen years, as
the rue f‘t Bz.mff. It is fair, therefore, to assume that
o m:—off during the same years repregent apPrOXImately
an run-off conditions during a like period.

Division of the Year.—In considering the relation of
““‘water year’’

?;iﬁ;’gtation to xjun-off, a period known as a ‘ 1
or th eIuse of, instead of the calendar year. This per}od
rOmS 3ow Basin district may be assumed as extending
wat. Ctober 1 until September 30, for practically all of the

er is obtained from the mountains, and from October

1o AE i 7
N, the precipitation in the form of snow IS stored 1n
of the follow-

€ s
ing Mountains to be held until the warm sun
w ice}ilrly summer releases it, to form the summer freshets
T occur during May, June and July.
€mperature.—Temperature in the Bow River drain-

a e 1 . . .
S€ area is one of the great factors influencing the dis-
f the catchment

c

a,—:;g& of t.he river. In the upper par.t ) '
ot ere is not a month in the year In which frost ca;:-
"ang: expected. The range of temperature is great, tle
0 13° o Mmean temperature at Banff is from 56°.9 11 July
the ral'17_ in January, or 43°.2 of difference ; at Cal,«%arz’,
14%.2 nge of mean temperature i from 70Ss7 A0 NGRS
and ml~n -Ja““ary, or a range of 66°.4; and the maxllf_num
thege tlmmum temperature greatly exceed these. i r;l)m
a]titudwo records it will be seen that the one at the higher
e registered the lowest temperaturc: t the hx.gher

altit il
udes it is to be expected that low temperatures will
which conditions

enCO :
of lo:,ntered» and that the period during i
levelg temperature obtain will be longer than at the lowe
S. The records are taken at an altitude which is low,

conSiderin o i Bow River as 2
g the drainage area O the Bow River
uly conditions in the

o

Dé:’ and hence do not represent fr 1| 8
Cver Bt Ot: the valley of that tiver. . They S1¥&) A
“Pon’ an indication of the conditio be found ‘én ’
t Study, reveal some interesting with regar tlfg

Do B.:
aring of temperature upon t

n-off over precipitation,
epth of rainfall

Bow basin, and em-
cording of

ns to
facts
tiver he discharge ©
ence of tem-

which is consta_nt an
lation has

so far, no ré
ot available _fOl' a

[nfluence Upon Evaporation.—-The influ

Derat
“nmi:t;ek upon evaporation is one
o okable, but is one for which,
study ofabhshed. Sufficient data are n : it
Seemg the question in the district, but 10 pas’smfhis
Tegarq well to note the work that has, done én i
afte,” P which is well sumimedl tp' 12 PUES B
T, published by the United States Geological Survey:
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In thi / :
tgetaviigl);g)lzrdtlt; IZ[z]i(fjlelr had made a careful 'analysis of

. ‘ ) he reached the conclusion that n
definite relation exists between evaporation and tem ;
ture, but that the influence is a constant one, and c Sid
be disregarded. g g

Influence of Temperature on Discharge.—There is no
other single condition which plays such a vital part
has such a direct influence upon the discharge of t}?e ri\’/ v
of the district as temperature. A diagram (Fig. 1) ;I:rs
be(?n pr_epnred, showing graphically this relationsili ——t};:g
daily discharges of the Bow River at Banff have}:) be i
plotted continuously, and on top of this has been lottzg
the _mean daily temperature -as recorded at Bani'F from
April, 1910, to December, 1912. Another diagram (Fig
2) has been prepared for the period November 6, 1912 i;o
March .6, 1913, showing the mean daily discharc’re fo;,the
Bow River at Horseshoe Ialls, and the mean Eail t;
perature as recorded at Banff. by

A study of these diagrams will reveal how direct is
the influence of temperature upon the discharge of thle
river ; during months of low temperature the discharge is
shown to be low. On the other hand, high temperature
corresponds to large discharge, although within the limits
of the record, the highest temperatures occur in the month
following the highest discharge. This can be explained
by the fact that, except upon the mountains permanent]
covered, the snow has nearly all been melted during ]unz :
and the early part of July.

The second diagram shows clearly that the in-
fluence of low temperature on the discharge is unmis-
takable. The period selected is that covering the low-
water stage of the river, which corresponds to the period
during which extreme low temperatures are most en-
countered throughout the interval covered by the curve
It will be noted that the mean temperature is above freez:
ing on only eighteen days, consequently it affects not only
the source of the river but also the actual flow in the

river itself.
B i S —

PORT ARTHUR WATER SUPPLY.

The new water supply for the city of Port Arthur
Ont., was turned on last week. The installation include;
two 24-inch steel intake pipes supported by piles and ex-
tending from a point in the lake 2,550 ft. from the shore,
and in 45 ft. of water, to a well at the pump house. The
intake is 10 ft. above lake bottom. The plant is equipped
with 3 pumps each of 2,880,000 gallons per day capacity.
Each pump is operated by a 250 h.p. motor. Two 24-
inch mains extend from the pump house to the corner of
McDougall and Algoma Streets, and from here the water
is conveyed by 12-inch pipes to the city mains. The 24-
inch pipes provide for ample extension of the distribution
system as future needs may require.

The system is equipped with a chlorinating plant.
As to the quality of the water, the provincial board of
health reports it to be free from bacteria, and in every
way satisfactory.

The total cost of the work has been $585,000. It was
nto a number of contracts, the chief of which
ded to the Thunder Bay Construction Co. This
e construction of the pumping station
intake, and the driving of a 530-ft.’
k between the pumping site and

divided i
was awar
contract included th
the laying of the
tunnel through roc
the lake.

The work has been executed under the supervision

of Mr. L. M. Jones, city engineer.
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PUBLIC WATER SUPPLY FOR CITIES—SOME
GENERAL CONSIDERATIONS.*

By W. H. Dittoe,
Chief Engineer, Ohio State Board of Health.

N the modern sense the waterworks of a city includes
l the source of supply and the equipment required to

deliver the water through a distributing system to the

point where it is utilized. The development of public
water supplies in accordance with this interpretation has
been of comparatively recent occurrence. In the United
States there were only 53 public water supplies in 1850.
Since that date, however, the installation of public water
supplies has been general and it is estimated that at the
present time there are fully 6,000 public water supplies.
Prior to the invention of pumping machinery for lifting
water the development of water supplies was practically
nil. In 1582 in London the first pumps for water supply
purposes were placed in operation. An important de-
velopment in assisting the installation of public water
supplies was the introduction of the steam pump in
London in 1761. An impetus in water supply development
came in the latter part of the 18th century when cast iron
mains were introduced as a means of distributing the
supply. Previous to that time wooden pipes only had
been used.

‘In the early development of water supplies little at-
tention was given to the quality of the supply. It was
not until 1829 that serious consideration was given tc
the quality of the water. In that year the first filter was
installed for the East Chelsea Water Company at London.
About 1850 the germ theory of disease was seriously ad-
vanced and it was at this time the claim was made that
typhoid fever was caused by a specific organism trans-
mitted in sewage. This marked the beginning of the use of
filters as a sanitary precaution in the improvement of water
supplies, although definite proof of the existence of the
typhoid germ was not secured until 1880 and 1881. The
early development was the so-called slow sand filter which
is still now extensively used in European countries and
also in the United States. It was not until 1893 that
studies were made leading to the development of the so-
called mechanical or rapid sand filter. This process is
known as the American system of filtration, although its
origin was in England. At the present time it is estimated
that there are 350 municipalities in the United States
utilizing mechanical or rapid sand filters to purify their
water supplies. The slow sand filters have not met with
such favor in this country due no doubt to the fact that
they are less suitable in the treatment of muddy water.
At the present time there are about 50 municipalities
using slow sand filters in the United States.

Sources of Water Supply.—The original source of
all water is the rainfall which precipitates upon the sur-
face. A portion of this rainfall is absorbed by the soil
and percolates into the underlying formations. Another
portion flows from the surface through streams and rivers
to their points of discharge. An appreciable amount is
lost by evaporation and another portion is utilized in the
support of plant life. The portions in which we are in-
terested for water supply purposes comprise that which
percolates into the soil, becoming a source of ground
water supplies, and that which passes off into the streams,
becoming a source of surface water supplies.

#*Read before Conference of Health Officers, Ohio
State Board of Health.
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Ground water may be obtained by means of wells,
springs, or collecting galleries. Depending upon the ele-
vation of the ground water with relation to the surfaceé
of the ground, it will require one or two sets of pumps
to deliver it into the mains. The quality of ground water
is dependent upon the formations from which it is ob-
tained. Thus, by passage through a limestone formation
the water will absorb hardness. If it comes in contact
with iron salts, which are almost always present, it wil
absorb the iron by solution. It may also take on objec
tionable tastes and odors due to the absorption of sulphu®
compounds. In general, ground waters are less desir-
able than surface supplies, judged from their mineral
characteristics.
~ Surface water supplies are derived from streams$;
lakes or reservoirs. With lakes or large rivers it 15
unnecessary to provide storage of raw water for a cop?
tinuous supply for the pumps. With small rivers an
f:reeks, however, it is frequently necessary to construct
impounding reservoirs to store a sufficient portion of the
excess flow of the stream to serve during dry weather
The quality of surface water supplies is dependent upo?
numerous factors, the most important of which is the
density of population upon the drainage area. Theo~,
retically every dwelling on the drainage area contributes
to the pollution of the stream. The degree of pollutio?
is, therefore, determined by the population. It isy ¥
course, possible to reduce the extent of pollution by pI‘OPer
disposal of sewage. Regardless of the treatment of seW
age, however, it is generally conceded that no surfac®
supply collected from a catchment area which is populafé
is safe for drinking purposes without purification. This
is particularly true in Ohio and in other densely populaté
localities where the streams are almost universally usé
as carriers of sewage.

Conditions Governing Choice of Source of Wate!l
Supply.—Statistics of public water supplies of Unit
States show that a large percentage of the supplies are
obtained from ground water sources. Practically all ©
the villages and small cities of Ohio obtain their suppli¢®
from wells, springs or collecting galleries. . As the pop¥;
lation increases, however, it is found that the ground
water supplies will not furnish a sufficient quantity ¢
water. Of the cities in Ohio with populations of 25:C
or more, five obtain their supplies from wells and niné
are provided with water supplies of surface origin. Fou!
of the well supplies are inadequate and two of them aré
supplemented by surface water. The indications are that
u_nless unusually favorable conditions are encountere
city of more than 25,000 population must depend upo?
surface source of water supply. In any case the mos
serious consideration must be given to the question
quantity in determining the choice of a ground or sur 2
source of water supply.

It may be stated generally that the fundamental Coﬂ;
dition governing the choice of the water supply 18 th
quantity available. It is obviously unwise to develop £
source of supply which within the life of the installatio®
will fail to furnish a sufficient amount of water. In e;
termining upon the quantity available assumptions m.s,
be made to estimate the growth of the city and the n;t
creased use of water. The quantity thus determin ?ﬁ,
be supplied during the most extreme dry weather 0%,

. tions which can be anticipated. It is not enou8%gg

supply a sufficient quantity of water for 350 days O
year and meet a deficiency during the remaining S8
period. ity
~ Of almost equal importance to the question of qual‘y
is the quality of the supply. Having two supplies :
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fgfl:% €qual as regards quantity available, the quality
aSso(l:_eratlon. will . determine the selection. ~Troubles
wat lated with poor quality are not conﬁ_ned to surface
groer supplies but are also experienced in water from
& “L;md sources. With the established modern methods
of thater purification it is probably true 'thaF improvement
aceoe quality of surface water supplies 1s more easily
ob,em.phshed than is the improvement of quality of an
ofJ Ctl({nable' ground water supply. In the consideration
Wa?“allty it is well to give attention to the value of pure
er. It has been shown that improvement of the
mylﬁ:?m‘f quality of the water supply fully repays the com-
eSta]:,i'y In many ways for the expe'ndlture incurred in _the
of liV‘Shment of a water puriﬁc.at.lon plant. Thg saving
alon, €s and reduction of morbidity from Fy'phmd fever
COme will reduce the expenditures of the citizens of the
Yeai-munlty to Sych an extent as to repay w1th'm a few
Shov: the financial outlay for a plant. ~ Thus it can be
. Iéthat the city of Columbus has saved for its citizens
s 500,000 per year since its water purification Plant
h established. Cincinnati has saved for its citizens
ma’ZSO,opo per year by purifying its water s_upply. In l{ke
a So?ter it can be shown that it is economical to provide
E water supply for a city even at a greater expense
Supnl Would be incurred in the development of a water
darg Y containing objectionable hardness. M(?dern stan-
IS of purity of a water supply require that its phy51.cal
yiilemc and chemical properties be satisfactory. Using
pUreStandard a pure water supply is an asset and an im-
Water supply an expense to a community.

SOUrAHOther consideration to be given in selecting Ia
rque of water supply is the cost of its development. lt
Costj ently 'happens, however, that a source of supply
t W?l;g more to develop is the more economical selectlon&
Which readily be seen that a supply che:ap]): develope
€Xpen does not furnish an adequate quantity 15 really in
Cost Sive selection. It is well to keep in mind that the
na O-f d?velopment is purely relatlve,_and within the
neial limits of a community consideration of cost must

Subservient to those of quantity and quality.

Velo Purification of Water.—Having decided upon the de-
Pment of a water supply which is not of satisfactory
Pl‘odl:y In its raw state, some means must be Qrov;)defi tg
fom °¢ a water of good quality. If the water iso (;al_ne
emo wells it may require aeration, softening an iron
val. The softening of water is expensive 10 propor-

iOn L
to the original hardness. ve el

ade : Few attempts have
rnun? In this country to soften well water supplies

icipalities, Aeration and iron removal aré, however,

e q;ecl?gnized methods of water treatment to lmp}:l'zz::

aboy :1 ity of ground water supplies. In Ohio ;‘;.”ﬁc i
able i, ix plants for the purpose of reducing an 0b]

On content.
brouThe purification of a surface water supply m;ydbse
améz] t about by one or both of two gener?l methods,
age az& ﬁltr?tion and disinfection.
€ang sedimentation has been advance it
us of correcting the pollution of water supplies BL
the Ar has gained little recognition. Filtration lmpr%nic
quathYSical quality of the water as well a5 12 hygienic
e d}’. Disinfection removes the pathogenic org;atnwm
thErefOeS not affect the appearance of the water - onl}:
tl'eéltrnore’ be seen that the field of disinfection ag th b
Qualjt ent is confined to water supplies of goof %lt)(;ring
wafery. There are two well-known methods 011 s i
San }il The first and older process is the so-ca lde G
SOcqyy ter and the other, a more modern method, dhess
ed rapid sand or mechanical filter £ has

d as an €
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stated, the sl.ow sand filter is a development of the early
part of the nineteenth century, while the rapid sand filter
has come into use during the past thirty years. The slow
sand filter is more applicable to the treatment of a
moderately clear water while the rapid sand filter can
successfully treat a very muddy or turbid water. The slow
sand filter consists of a watertight basin usually one acre
or less in area, provided with suitable underdrains over
which is placed the filtering material. In the northerly
climates it is customary to provide a roof for the filter.
The filtering material comprises three feet or more of
sand, resting upon gravel surrounding the underdrains.
The water to be purified is applied at the surface of the
filter. It fills the voids of the filtering material and stands
pth of about three feet above the surface of the
Its flow through the sand is controlled so that it
passes downward at a rate of o.4 foot per hour, corre-
sponding to 69 gallons per day per square foot of area or
3,000,000 gallons per day per acre of area. This is a low
rate of filtration. The water passing through the filter is
stored in a reservoir from which it is pumped to the dis-
tributing system of the city. The mechanical or rapid
sand filter differs from the slow sand filter in the pre-
liminary treatment of the water as well as in the rate of

filtration.
The rapid sand filter is a development of the last

thirty years. It first attracted attention in 1885, when a
plant of this type was constructed for the treatment of
the water supply of Somerville, New Jersey. Ior the first
fifteen years it was principally used in the treatment of
water supplies for industrial use, such as paper mills and
allied industries. In 1902 the first large municipal rapid
sand filter plant was constructed for the East Jersey Water
Company at Little Falls, New Jersey. Since that time
the development of rapid sand filters in the United States
has been very important. Among the Iat.'gest plants in
the country may be mentioned -those at Cincinnati, New
Orleans, Louisville, Columbus, Toledo, Harrisburg,
Minneapolis, and Grand Rapids. The cities of Cleveland
and St. Louis are now constructing plants of the rapid

sand type-
The rapid sand filter

to a de
sand.

plant differs from the slow sand
plant in many respects. With the.us_e of a rapid sand
plant the water is always given preliminary treatment by
a coagulant. It is passed through filters of much smaller
area at much higher rates. Roughly speaking, the rate
of filtration is forty times that used for the slow sand filter.
The filtered water is received and stored in a covered
reservoir in the same manner as is the case with slow sand
flters. The cleansing of the rapid sand filter is accom-
plished by a reverse current of_. ﬁltered water pass-ed up-
ward through the sand removing the.layfar or silt and
coagulant collected at the surface. ‘Thx‘s differs from the
cleaning of a slow sand filter, which is usually accom-

plished manually or by mechanical means.

The principal features of a rapifi sand ﬁlte-r plant are
the intake and Jow lift pumping station, the primary sedi-
mentation basins, the coagulati'on ba§ms, the filters and
the clear well. The raw water ls'recelvefi through the in-
take, elevated to the primary sedimentation basins by the
low lift pumps, and from this point passes by gravity
through the plant to the clear well.

Primary sedimentation is required for turbid water
carrying large quantities of silt. :I‘hus the Cincinnati and
Louisville plants have large basins where the water is
allowed to settle for several days before it is passed

urification plant proper. The use of primary

through the puriicatio 4
sedimentation basins is not always required. '

——
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The coagulation basins are provided with a two-fold
purpose, namely, to furnish a period for the reaction of
the coagulant in the water, and for partial sedimentation
of the suspended matter. The chemicals generally used
as coagulants are alum and copperas. Alum, or aluminum
sulphate, is readily soluble in water and if applied in
proper proportion to the ordinary surface water will form
a sticky gelatinous precipitate called the floc, which in its
formation collects the suspended matter and bacteria into
heavy masses which readily precipitate. The action of
copperas, or sulphate -of iron, is quite similar, but this
compound requires the addition of lime or soda ash to
bring about coagulation. Where alum or copperas are

used a portion of the coagulant will pass through the -

coagulation basins to be removed from the water at the
surface of the sand in the filters. Coagulation basins are
designed to furnish an ample period for the formation of
the floc and an additional period for its partial settling.
The necessary time required for this purpose varies with
the character of the water to be treated. The modern
plants which have been installed in Ohio provide periods
ranging from three to twelve hours in the coagulation
basins. ;

The water containing a small portion of the floc next
passes through the filters. These are generally con-
structed as rectangular concrete boxes. A 1,000,000~
gallon per day unit will have an area of about 360 square
feet., Large plants are laid out with units having a
capacity of from 2,000,000 to 5,000,000 gallons. The
bottom of the unit is covered with a strainer system over
which is placed a layer of graded gravel which supports
the sand layer with a thickness from 30 inches to 3 feet.
The water is applied at the surface of the sand over which
it stands to a depth of two to four feet. It passes down-
ward at the rate of 16 feet per hour, which is equivalent
to 2,880 gallons per square foot per day or 125,000,000
gallons per acre per day. The rate of passage of the
water through the filter is of prime importance in secur-
ing proper efficiency. This rate is regulated and con-
trolled by the use of apparatus which prevents excessive
rates of filtration, still permitting the use of the head
necessary for operation. The efficiency of the rapid sand
filter depends largely upon the collection of the floc at
the surface of the sand. This gelatinous substance forms
a mesh through which the suspended matter and bacteria
contained in the water cannot pass. The resultant efflu-
ent from the filter is therefore purified, clear and
sparkling. After the filter has been in operation for a
certain length of time, depending upon the condition of
the applied water, it becomes clogged and will no longer
pass the proper quantity of water without excessive loss
of head. It is then necessary to wash the filter. This is
accomplished by passing purified filtered water through
the strainer system and upward through the-sand at a
velocity of vertical rise of 15 inches or more per minute,
the overflow being carried from the filter box through a
gutter and connection to the sewer. The washing requires
about five minutes and in large plants entails a loss of
water of about two per cent. of the water filtered.

Whatever method of filtration is used, the purified
water must be stored in covered and watertight receptacles
to protect it from secondary pollution. - It is customary
to construct a clear water reservoir adjacent to and as a
portion of the filter plant, where the purified water may
be stored before it is pumped into the mains. The size
of these clear wells is dependent upon (1) the relation be-
tween the capacity of the filter plant and the daily con-
sumption, (2) the period of pumping, and (3) the storage
nrovided on the disfributine system.
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What Filtration Accomplishes.—The filtration of a
public water supply accomplishes beneficial results which
can be with difficulty measured. ~The apparent result,
which is appreciated by the citizens of a community I
general, is the greatly improved appearance of the water:
Instead of a muddy and often foul liquid a clear an
sparkling fluid is drawn from the tap. The ordinary
operations of the household are facilitated and the peqple
are generally well satisfied, whereas frequent complaints
against the previous condition of the water had been €
ceived. The most important result of filtration of a public
water supply is the improvement in health conditions:
Normally it may be expected that the introduction of 2
filtration plant will accomplish a reduction of 735 per cent:
in the mortality from typhoid fever. The reduction at
Cincinnati has been over go per cent. and at Columbus
over 8o per cent. Accompanied with the reduction 10
deaths from typhoid fever there is also a noticeable ré
duction in deaths from general causes. It has been un*-
versally observed that the reduction of typhoid fever 1m”
mediately follows the installation of a filtration plant.

Of lesser importance than the benefit to public health
the financial advantage resulting from the purification 0
a water supply receives some recognition. With a water
supply of good appearance and of satisfactory quality 'Ehe
inhabitants of a city will use it universally. This will. 10
crease the income of the waterworks department and wil
in turn decrease the cost of furnishing water. Each indi-
vidual who uses a purified water supply will derive 2
financial advantage over the use of a polluted and muddy
water, The saving resulting from the improvement ©
the physical quality of the water is also important an
will in time assist in paying for the treatment of the
supply. It has been previously shown that the saving ©
lives by the reduction of typhoid fever is amply sufficient
to pay for the cost of purifying the water. Considering
the question from a financial aspect alone and witl_10ut
regard to humanitarian considerations, a city provide
with a water supply of poor quality can ill afford to main”
tain it without improvement.

—_—-—

SOOKE LAKE WATER SUPPLY.

The engineering staff of the Sooke Lake waterworks
project for Victoria (see The Canadian Engineer, July 235
1914), reports that a length of 6 miles of the Io%-mlle
steel pressure pipe line has been laid, and that the m0§t
difficult portion of the route has been dealt with. 1t %
expected that the whole pressure main from Humbﬁ“fk
reservoir to Smith’s Hill service reservoir in the city will
be completed in January.

The reinforced concrete flow line, 27.3 miles in lengt,h’
has been laid for a length of 14 miles, or over half 1t9
distance. By the end of the year it is expected that the
contractors, The Pacific Lock Joint Pipe Co., will havé
another four or five miles in position. To date the rate @
laying has averaged 3% miles per month. d

The tunnel work within the city limits has progress®
very favorably, the third tunnel being practicauy
completed.

—-

REPAIRS TO RIDEAU CANAL.

The Deputy Minister of Railways and Canals ha?lla:;

nounced that improvements to the extent of $50,000 Wi
made by the government on the banks of the Rideau Canae
The canal will be unwatered at an early date for this purpos™
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THE CONSTRUCTION OF DAMS.*

Chi . By A. E. Walden
hief Engineer, Baltimore County, Water

considered in design-

and Electric Co.

IjIERE are many things to be
ing dams, and especially one of the commonly called

‘gravity type,’’ or, rather, of the solid masenry
- type, which will be here called the mass type; the
o y type will be that as constructed by Beardsley and
ursen and Ransome.

In making examination of a dam site, test pits or
d distance above the

b .

:;lln;gif should be. made for a goo }
under tﬁ to determine the composition of' the soil or strata
i theg e dam, th_e trend of the stream, if on rock, noting
Streame are at right angles to the stream or with the
the ché and if the stone is subject to water holes ; als.a
it ShOWmCte.erf. t.he ledgg whether seamy or not, and if
Bhere S ra;zld disintegration where expo.sed to the atmos-

X a: ?nd if under water, that it 1S easily worn away by

Ction of the water, as in some limestones.
riVe,-In some cases it will be found that in the bed of the
i there are two classes of stone, on€ portion of which

IS soft and the other hard. v
for ;A.Careflll examination of the banks should be made
the uftf‘b]e abutments and abutment foundations, and
the gudhty of the soil composing them ; also the slope of
Vent nderlying rocks, so that steps may be taken to pre-
seepage through and eventually 2 washout.
ave been employed by
r length of crest, all
hen properly applied,

®
engip here.are several ways that h
Wh‘?ers in determining the prope
ich are more or less efficient W

Sheor

Heel

G
Tpression | Toe
R

Fig. 1.

n-off data
ertain
in in-

as g

ca"nroet Blso certain empirical rules, where ru

Mumpye,. obtained, such as basing the run-off on a €

Stanceg of feet per second per square mile, certa
of which will be given hete:

D one case that came to the writer’s

as co
Mile . Structed on a basis of three feet of cr
based

notice the dam

est per square
on a rule that

of are . %

Cre a which is hilly and steep,
Spi should he on normal conditions at least one foot ©
ile of drainage ared,

w
an t}?i}; Iengt.h for each square ml
ditio g multiplied by three can take care Of I -
Droper£ This dam  failed many times, causing grei11
spillway damage, but was finally constructed sO that the
fup. o) S€Ction would have a crest equal to taking the
iy div.at' 20 cu. ft. per sq. mile at a velocity of 0n€ foot,

sed depth at the crest,

1d 4
Ing' this result by an assun
aterworks

*F

ro

A‘&ssof:iatir(’)[1 a paper read before the New England W
o] September, 1914. X y
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f:onsuiermg it as a rectangular section, no allowance be
ing made for the well-known weir acti:)n and of vel?)c't-
of approach over such a crest. No trouble has since beley
exgene.n'ced. This determination was made after an e .
amination of the stream’s banks for height of water '>t(-
depth at this point as compared with the width and de ltlS
of water at other points and for several hundred fp :
above and below; also noting the heights to which déle?
had landed; from information given by people livi)x:!S
along the stream as to flood heights; from the drqinqoi
area and from rainfall data which had before for( 9(;r;e

Heel

Gut off trench

Fig. 2.

reason given results too small, to some extent probably
due to the character of the drainage area, its topography
and the condition of the soil at certain times. ’
With 20 cu. ft. at a velocity of one foot per second
d the banks g ft. high, it was assumed that the water
but with 20 cu. ft. used as a basis and the
dam lengthened to 146 ft., and estimating a crest depth
under these conditions of 3 to 4 ft., this stream has since
been measured for surface velocity during high water and
an average velocity, on the surface, of 10 ft. per second
obtained, with a depth of 20 in. at a point far back of
the crest so that the increased velocity of the water at the
crest of the dam did not affect it. Undoubtedly the
velocity of the water varied at various depths, but this
could not be obtained.
Assuming the average velocity at 10 ft. per second
and a sectional area of 146 ft. by 20 in., the approximal(’:
discharge per square mile in this case was g9 cu. ft. per
second, and the greatest depth of water so far noted ¢n
the crest of this dam has been 3 ft. It is possible under
these conditions that the velocity was from 15 to 20 ft.
per second, but this could not be measured at the time
on account of lack of preparation. ;
In another case a dam was constructed for a crest
depth of 5 ft. for a drainage area of about 300 sq. miles.
This dam was 200 ft. long at the spillway, with about
1,000 ft. of earthen embankment about 18 ft. higher than
the spillway section. The 5 ft. depth at the crest has heen
exceeded many times, and the gauge has shown a depth
of 11% ft. on the crest, which was beyond "data based
upon the government report’s gauge readings at that
time, and would be about on the approximmé basis of

7 cu. ft. per second per sq. mile.
From an examination of many streams, watersheds,

and dams, it would seem that one may expect to find that
the run-off will vary from 50 to 100 ft. or more per second,
and in some cases it has been considerably more than the

ted for a hilly section, that will give

maximum amount no
a quicker crest rise than a flat section will do, owing to

the fact that the water cannot spread over any large area.

It may be assumed that a certain portion of the flood
reaches the crest in the first hour, a certain portion in the
second hour, and so on to five or six hours, or more, but
this cannot be accurately determined beforehand Wit},l the
data we have to-day.

Every effort should be made to obtain data from other
s on the same watershed, if any, or on similar water-

an
reached 5 ft.,

dam
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sheds in the vicinity, as to the rise in a given length of
time after a heavy rainfall, so as to determine the lapse
of time between either the beginning or the maximum
rainfall and the maximum crest rise. Rainfall data show
that a maximum rainfall of 4 in. in one hour may be
looked for, and from 8 in. to 10 in. in twenty-four hours.
On this basis there would fall for each square mile in the
first hour, 9,288,800 cu. ft. (1 in. equals 2,322,200 cu.
ft.). Then the question would arise as to what part of

o % ) le]

Fig. 3.—Method of Drilling.

this reaches the dam the first hour, and each succeeding
hour until the maximum crest height is reached, and the
effect the condition of the soil and the ground water con-
tent has on this. From J. B. Francis’ records, the indi-
cation would seem to be that a depth of rainfall varying
from 6 in. to 11 in. or more, with rates about as follows,
may be looked for: 4 in. in two hours, 6 in. in about
twenty hours, and g in. to 10 in. in thirty hours, etc.

For the rainfall and flood conditions, Fanning’s for-
mula has been much used, as well as others, but must
be applied with care for the particular location, the period
of the year in which the rainfall occurs, as on frozen
ground or with a light fluffy snowfall it requires 15 in.
or 20 in. to equal 1 in. of rainfall. While assuming 4 in.
to 5 in. of wet soggy snow to equal 1 in. of rainfall, the
rainfall combined with the water from the melting snow
with the frozen ground underneath will give quite sudden
changes in the flood conditions, which will exceed any
rainfall obtained from hourly rainfall records; recording
gauges at dam, however, would show this. q

The effect of impoundings or pondage in reducing
flood conditions, if the area is sufficient, where there is
one or more dams above the one to be designed, should
be considered. The crest of the dam under design should
be proportioned to care for the failure of at least one, or
more, of these dams in addition to that of flood conditions,
depending on the location of towns and villages below,
and the property value and loss of life likely to occur in
case of such failure.

In the design of a dam of the mass or solid section
type, as shown by section, Fig. 1, the dam may be con-
sidered as a beam fixed at one end and having an uniform
load, and as such may have shear at the joints, tension
in the upper face and at the heel, with compression at the
toes, etc.

Then to care for tension in the upper face, steel may
be provided, but its calculation would be to some extent
theoretical. In any event, if securely anchored to the rock
formation in drilled holes, and the steel provided withi
split ends and wedges, and afterward grouted in carefully,
this method would certainly add to the stability of the
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dam, especially when the dimensions were properly pro-
portioned to care for shear. Steel bars may be embedded
at an angle of about 3o degrees, as shown in Fig. 4, of
some other angle, with the horizontal so that the steel
will take tension as far as it is possible to make it do SO
under these conditions.

In preparing the foundation, care must be taken tO
remove surface rock that has deteriorated, to a depth
that test holes show to be safe, and then the surface under
the dam should be roughed, either toothed or sawtoothed,
or in a similar fashion, so that pressure will tend to force
the dam downstream and against the toothed or roughed
surface, as shown.

This work should be carefully performed, either by
the use of dynamite or steel points and wedges. But
dynamite should be used in the hands of an experience
man, who understands placing shots. Especially is this
true of the cut-off wall at the heel, for if such placing 15
done it should be carried out in the manner described.

Care should be taken to so set the upper drill holes
to line for a narrower cut than is required, then removing
the shattered stone by wedges and points, as it is neces:
sary that the cut-off wall should not be shaken to such an
extent that there will be liability of leakage to the down-
stream side.- :

A careful note should be taken to see if seams run at
right angles with the stream, or partially with the stream;
also the character of the stone and of any change in the
composition, as there are cases where there are one OF
two different rock formations in the same river bed. |

One or two test holes should be exploded with vart”
ous charges, at some other point, to determine the prope®
charge to be used, but vertical holes should not be useds
unless absolutely necessary. In this respect it might be
said also that a regular 5oo-volt current will explode
twenty holes, and such a number of holes exploded simu*
taneously will do better work than three or four holes €*

-

Nertical stee\
Up stream §¢
=

D :
ainage opanings from

toe Yo cut off

Trenches for his scction to have
adepth less Yham cut off wall

*han 86% W +h
Fig. 4.—Solution of Solid Dam Showing How the A
Can be Used for Drainage from Cut-off
Wall to the Toe.

reb

ploded at a time. Holes may be placed as descrlbed
below :— ft.
Holes running with trench on each side, about 4 4
apart and at an angle of 45 degrees, with extra holes p
each end at same angle, looking the other way. The d‘?ped
of these holes will depend on the depth of trench requlfay
and the width of the same. In addition to this, holes I.nn
be drilled from side to centre as shown in the end sectio™
Fig. 3. y
The writer has seen trenches cut in this mannef’u
men who understood tunneling and channeling, that bt
meet the conditions required in every respect.
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. ftTeSr; holes should be drilled to sufficient depths, 10 to
lying.’st ore or less, to be sure that no seams or under-
preSSEdraf.:a of clay underly the rock, and tested with com-
ey air or water to at least. 100 lb. pressure, and
t6rn1ineet?alntaqud fc_;r such a time as will surely de-
e 1('3 condition in these test holfas. Shale forma-
05h lim: tlable to large seams; overlying strata of clay
The holes O}?e formatlo_ns to water channels or recesses.
e s s ou!d be drilled from 10 to 15 ft. apart, more
s, depending on the conditions found to exist.
Shou;f(;here seems to be no reason why solid section dams
ooy fronot ll])e constructed in the form of arches that ex-
e armht e toe to the cut-off wall, and the spaces under
Eoaie, sec es would effectually care for any uplift due to
B e er}g]f through or under the dam, supports to .the
Carrieg O{fﬁ _aunches of the arches, of course, being
thern frsu ciently below the st_lr.face to effectually protect
Satischtom wash and undermining, and would be more
St locs 0’(}3 than large pipe placed 8 to 10 ft. apart, more
B }:‘ 10-in. split tile may be employed for this
tile, , €, which would be more satisfactory than a solid
- ; ut in any event should be covered with loose stone
s to allow free access to the tile from all sides.

TN ————

\N + e e Hee
=ior atthis -Pf’?‘%"-jua‘\- above the Jevel outside of Yoe

W o case ess than will
allow aYeam To pass sofely

Fig. 5.

ust be given con~

There is another condition that m
he toe of the dam

S1 :

i(::,_at"‘.)“ in this work, and that is, at the f ¢
Other will usually be found a pool cut out in the rq«i:l or
Sectio SurfaCe’ that at or near the centré of the spillway
of th @ “flll have a depth of from one-third to one-f'ou;']t’
1)001‘? height of the dam; and it will be found that if this
Is filled with concrete, it will even

Sam tually wear to this
e .
depth and there remain about stationary:

It would
ese pools, unless some

™ to be g . .
ot good policy to retain th :
:teel;- meihf) d Welie t;,ken to care for the action otf) 1lt)hle
le at this point. Some types of dams would probably
Sshaffected than others. '
i the Ce solid dam may be reinforce
era . Lt-off portion, as described
the  2nd thus would take tension in the upstré
anglear‘:’ in addition to which the d'iagonal bar
Tevent ould tend to take the tension d}xe to
Where any tendency to sheer in the horizo
Not ¢ oW Work was tied to old, in case that t
Proper]y elibned
e trenches for the haunches for the supports of the
cutshomd have a depth at least equal to the po?%hane
-off wall, preferably somewhat pelow this. es

d and tied tO pedrock

before and as shown
am face of

s at some

al‘ch
(o
P
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ﬁ;cfr:asdsehgsg (_extend back to the cut-off wall, which should
suf ciently strong for the purpose, and will gi

a more efficient drainage than it will be pos,sible to b%“',e
with pipes of any kind. Fpa

Referring to the earthen embankment a
the abutment ends of some dams, the f(:)rlllto:vsi:mployed a
tion was employed by th iter ey

ploy y the writer, and tests carried on
every day for several years to see if there was any in-
;::ae:sfi&f](tﬁxe water in the test well (Fig. 5) but no increase

Again, from the core out to the toe every 20 ft
double lines of porous drainage tile were laid from th.é
double line of tile that skirts the core to the double line
that skirts the embankment just under the toe and to the
outside of the embankment to some suitable disposal plant
that would allow of the amount of water running to waste
to be measured, from time to time, these drains being
covered in turn with crushed stone to a depth of 6 in. ;
the reason for this being that the writer excavated on om;
such embankment to the centre of the same, the embank-
ment being composed of a gravelly soil, and found no
water until the centre of the embankment, or core, was
reached, showing that the drainage kept the embankment
dry from a point above the centre to the outside.

As before stated, the surface or foundation on which
the dam or embankment is to be constructed should be ex-
cavated either in trenches or as shown, as this gives the
foundation a greater frictional or sheering resistance.

Table I. gives data on dams, the depth and velocities
of waters at the crest for which these were designed ; and
the actual depth obtained will give an indication of the

conditions as they actually exist.

: TasLE 1.
1 4,185 8.5 9 16.5 1,000 50
2 4475 8.5 13.5 14.4 1,000 50
g U 37085 e 16.4 18 B0 o o
4 1,545 8 8 9.5 890 6o
5 7,000 6 “ee 318 i
6 19,600 12 and 5 1,500
v 66,000 12 10 700
8 1’380 7 2.2 400
9 5760 15 12 1,078
10 400 T 5 36 120
11 - 3,560 .. (Couldstand9;
stand flood of
50,000 sec. ft.) 4.4 1,108
12 15,800 15 480
13 16,600 15 500
14 1,270 Abks B G 8 260
T e
16 26,766 1745 2,350
107 300 5 11 200
18 320 5 8 119
Dam No. 18 was designed to care for 4,400 sec. ft.;

length of 450 ft. and a spillway section
of about 120 ft., and under flood conditions water rose 8
il aboe spillway section and 3 ft. over the crest, the
estimated discharge being 14,500 sec. ft.

There is one other point in the case of gravity dams
(Fig. 6) in that the factor of safety of 4 for deck loads
has been used, but consideration should be given the
following sketch (Fig. 6), also the cost of such work. It
is manifestly certain that no load will ever be obtained
that would stress the deck to call for a factor of 4, or
even a factor of 2, and that a factor of 2H would be amply
safe even for ice, as with a sloping deck such a factor

would protect it from floating blocks or a plane of solid

had a total crest
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ice, as the blow would be glancing; and again, the silt
which fills in on the deck would act as a cushion. Then
again, floating objects are most apparent at flood when
the water on the crest is deepest, which would tend to
carry these floating objects safely over the crest. And
in any event, the stress in the material would not exceed
the normal load stress effect. It may be said that load
stress is uncertain. This may be true of some dams.

Now, the writer is not advocating a construction that
would be unsafe under any consideration, but that more
careful consideration be given these conditions on account
of cost in a safety factor for loads that would be both
safe and economical in so far as the cost of material and
construction were concerned, but without going to ex-
tremes for a condition that will never be reached.

Records should be kept of the depths of the waters
on the crest of the dams at all times, and the cost of an
efficient instrument for this purpose is small. Such
records, together with the records for rainfall, depth of

T

|
S;H
¢

Fig. 6.

rise on the crest of the dam and the time relative to the
maximum rainfall, would give data that would be invalu-
.able, in a short time.

Records should also be kept of the soil strata through
which excavations for test pipes and test holes pass.

The question of frost at times may have to be
considered.

Every available record should be used to determine
the run-off from the rainfall on a given watershed, as the
run-off and the time of the maximum run-off are affected
by so many conditions that there should be as few guesses
as possible, and even the records should have a reasonable
percentage added.

—_— —cae——

IMPROVEMENT WORK IN VANCOUVER.

The following is a summary of the street work during
the past year in the city of Vancouver, according to a recent
report of Mr. F. L. Fellowes, City Engineer. The various
works are given in miles:—Pavements, 6.98; concrete side-
walks, 8.78; curbs and gutters, 1.44; curbs, 2.54; gutters,
4.41; clearing and rough grading streets, 11.79; clearing and
rough grading lanes, 8.93; clearing and rough grading
boulevards, 0.33; grading streets, 20.65; grading lanes, 3.26;
grading boulevards, 11.89; rocking streets, 12.24; rocking
lanes, 4.45; planking streets, 16.19; planking lanes, 5.87;
three-plank walks, 18.03; sanding and oiling streets, 46.88.
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BLAST FURNACE SLAG IN CONCRETE.

ITH the rapid growth of concrete construction,
\ x / the advantage of blast furnace slag as an aggre-

gate in reducing the dead weight has made a

strong appeal to many engineers. The result has
been that the building codes of several large cities have
permitted the use of furnace slag equally with any other
material ordinarily used for aggregate. An extended
series of tests involving the manufacture of five hundred
6-in. cubes, 100 of these to be crushed at each of the
several periods, 28 days, 3 months, 6 months, g months
and one year, has been recently undertaken. Comment-
ing upon these tests the Iron Trade Review states that
as the work progressed, results were such that the num-
ber of cubes tested at the g-month and one-year periods
was reduced to 50 each, and it is proposed to crush ‘the
remaining 100 cubes at 6-month intervals up to 6 years,
10 cubes at each period. The materials used in the test
were all produced commercially, and the work of making
the specimens was no better than under ordinary field
conditions of construction. Thorough mixing was assured,
the work being done by hand.

The cement used was standard Lehigh Valley brand,
complying with the standard specifications of the Amerl-
can Society for Testing Materials. The sand used was
Jersey gravel. This is not an ideal gravel, but was used
because it was the material of the market. The coarse
aggregate commercially called three-quarter-inch material
all passed the 17/-in. sieve and were retained on the 1%-
in. sieve. All material was in the proportions one part
cement, two parts sand and four parts coarse aggregate.
The concrete was mixed to the ordinary work consistency,
rather wet than dry. The cubes were air stored in a dry
cellar, being sprinkled with water once a week. The
average compressive strength in pounds per square inch
for the various tests are as follows: 28 days, 1,561 1b.;
3 months, 1,952 Ib. ; 6 months, 2,589 lb. ; g months, 2,841
Ib.; 1 year, 2,797 1b. A study of the test results show$
that while at 28 days, 3 months and 6 months, if the
number of individual tests fail to agree closely with the
general average, the large percentage show considerable
greater strength than the general average. A similar
study of results at g months and one year shows that of
the results not in close agreement that the genel"f11
average, a somewhat larger percentage falls below thi$
general average than runs above it. However, as the re-
sults which are above the general average are much moré
above the average than the low results are below, it may
be assumed that the average results are conservative:
This is more evident when it is considered that the sand
used was not what could be considered as first-class
material. Also, the comparatively small size of the slag
aggregate must have lowered the strength of the concrete:

The findings seem to point that slag may be em-
ployed as an aggregate in competition with broken ston€
or gravel, since the crushing strength of broken stone 0%
gravel concrete, made under ordinary field conditions, Wil
not generally average much over 1,500 Ib. per sq. in. at
the age of 30 days.' From the actual strength of the con-
crete developed in these tests, its weight per cubic foots
the recognized solubility of slag which permits it to act
as a puzzolanic material, its alkaline nature which 18
especially conducive to rust-proof in the case of reinfor:
concrete, and from the relatively high combined per”
centages of silica, alumina and iron, which make for per”
manency of the resulting concrete, the conclusion is tha!
slag is satisfactory for use as an aggregate in concreté:

o
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ROAD ECONOMICS.*

e By J. E. Pennybacker,
ief of Road Economics, U. S. Office of Public Roads.

R OAD economics may be defined as that branch of

economic science which treats of the cost and use

of a road as a public utility. Cost and public
etation, are the

etel‘mi;linhty’f in a COfr}Prehensive interpr:
money t n%e actors with reference to the amount of
the liqui(ci) . expendeq, the method of its .procureme.nt,
therewitha:}?n of any mdebted.ness incurred in connection
of the wo " e location .of the improvement, the character
and the Or.l.’ economy 1n the management of the project,
nefy utilization .of the completed road for the economic

t of the public.

the g;}slf Sl;bje.Ct_ is logically' comprise
egislati of which deals \iv1th' those
selectio on, ﬁnan-cg, ?fgamzatlon, Soad :
Mang en, the utilization of collateral agencies, and the
Secong g}eflt_ of the road as a cgmpleted project. The
scope th tvision of the .S'ub]ec't,.although more limited in
Point of an the first leISlQn, is 1mpprtant from the stz.md-
activig; economy an.d efficiency, as it relates to the various
tion, ES In connection \’V.lth the actual work of constr-uc-
of cost lxample;‘ u”dﬁr this division would be the lovyerm,g.r
e ke by the intelligent use of labor-saving machinery;
to det:PIng of adequate and efficient cost.records so as
SyStem Ct extravagance, incompetence or dishonesty; the
k- r;lmc purchase of materials, and the use of such
roaq easures as would serve to produce 2 satisfactory
at the lowest practicable outlay.

'Soungenglat?Oﬂ_, to be effective, must !
roaq 1;1 and it is necessary to the_ mtel!lgent fra.mmg of
e Sub‘.’vs that the economic considerations appllcablf: to
torg, {{ect should be known and zgccepted by the legisla-
the oyt system of financing road improvement is largely
€Xer; come of legislation, but is often mod.lﬁeq by the
ise of administrative discretion. Organization, like

ny 2 4
fice, is to a great extent prescribed by statute, but
largely in the de-

€ry .
r;iifi?_ln the personal equation enters e
Collater lon O_f_e_mmency or inefficiency: The 'utxllzatlon o
e aidal fac'lltle§ of the state, such as convict labor an
tiona) Wof state institutions for investigative and educa-
Admipj tork. is largely determined by law, but here agfun
ims rative discretion and the personal equation play
"oadg Fort-ant part.” * The classification and selec_tlon.o
or improvement, although resting upon legislative

enact , .
tig. n€nt, are much more largely an administrative ques-
ferred, and the

lon t
Same }};at those to which I have already r€

olds true with reference to the use of the road after

as a public

mplet; :
“tilitl:ay tion so as to best serve its purpose

d in two divisions,
larger questions of
classification or

st be economically

It is thus evident that these basic factors should be
hole should con-

Correl
form ated and that the undertaking as a W
; hich may be ré-

gal‘declo those economic considerations W g
as fundamentally sound. 1 have, therefore, 101~
which I hold to be

mula
i dte o8
d ten fundamental propositions

ineg,
n 3 3 y
Shayy t;zvert‘ble and so self-evident as to be amf)matlc. .
tiong W erefore, first submit these ten axiomatic pt‘Opzf):;I
. < l
appliéat?:nthen endeavor to explain to you their prac
1 . !
Ment shThat all who share in the benefits of road improve
2 ould share proportionately in the burdens:
Yongge That the degree of improvement should be PYOCI;O"‘
to the traffic importance of the road improved:
i
Aﬂantaaper read at the Fourth American Road Congress

» Georgia, November 9-14, 1014.

- sharing of
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3. That the rate of payment or th

y the e rate of accumula-

tion oi_t the sinking fund on any public debt contracted f(?r

roa_d improvement should approximately equal the d

terioration of the improvement. af
k4. That road building and maintenance comprise

work requiring special qualifications on the pz

b i e part of those
5. That responsibilities should be definite as to

persons.
6. That continuous employment is more conducive to

efficient service than intermittent and temporary em-

ployment.
7. That the specialists who direct road work should

be appointed instead of elected; and that they sh
. . . 3 ]
hold office during efficiency instead of for a ﬁxedy terr(x):l £

. 8. Tha't no road is wholly permanent and that it re-
quires continuous upkeep, for which financial and super-

visory provisions must be made.
9. That cash is a much more satisfactory form of tax

than is labor.

to. That all agencies ‘at the disposal of the state
capable of use in works of public improvement, shoulci
be so used, rather than in such commercial production as
would conflict with private enterprises.

The practical application of these ten axiomatic pro-
positions does not involve intricate or impracticable pro-
cedure. Under the first proposition, that burdens and
benefits should be shared proportionately, T would call
attention to the fact that the country road is no longer a
mere local utility. The product of the farm is absolutely
essential to the existence of the city population, while
conversely, the product of the city factories finds its wa):
to the most remote country districts. There is an inter-
dependence which should carry with it a co-operative
the burdens incident to improving the facilities
between country and city. Legislation

be framed so as to provide for city
taxation in aid of country road improvement. Automobile
owners should individually pay a material portion of the
cost of our public roads, and they are already cheerfully
doing so in many of the states. Last year the state
derived” from automobiles amounted to about

revenues

aight million dollars applicable to roads, out of a total
from all sources, state and local, of about $205,000,000.
The exact method of apportioning the road taxes is a
detail which can readily be worked out by each individual

state.
The second proposition, which calls for the improve-

ment of roads in proportion to their traffic importance,
strikes at the very root of our present method of appor-
tioning road improvement. Too often have we seen ex-
amples of costly improvements distributed according to
the dictates of a few influential citizens or according to
some arbitrary arrangement of political units or for senti-
mental reasons, oOr through a cheerful, haphazard indif-
ference. It is now generally believed that four-fifths of
the traffic of this country is carried on one-fifth of the
road mileage. It should be manifest that the most heavily
traveled roads should first receive attention and should
be improved in the most substantial manner. It is en-
tirely feasible to make an expert study of a county road
system and indicate graphically the traffic areas for each
important road, much as you would show drainage areas

The yield and the probable traffic in ton

for waterways.
miles for these traffic areas can be readily determined so
as to establish with reasonable exactness the amount of

outlay which the traffic would justify. The relative cost
of such a determination would be almost negligible if in-

of transportation
should, therefore,
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curred as a preliminary to a large outlay for actual
construction.

The third proposition, that debts should be liquidated
in proportion to the deterioration of the road, is intended
to prevent the incurring of a debt which will outlive the
utility which it was designed to create. There are two
extremes in the controversy which rages over this ques-
tion of public debt. There is the one faction which either
opposes debt in any degree, or contends for an indebted-
ness of such short term as to make it almost a cash
transaction, and asserts that the road is entirely destroyed
long before the debt becomes due. The other extreme
faction contends for long-term indebtedness, on the theory
that as posterity will reap the benefits it should bear the
burdens, and that a road well maintained never wears
out. As a matter of fact, location, if intelligently made,
should be permanent; likewise all reduction of grades.
The drainage features, if honestly and efficiently con-
structed, should be reasonably permanent. The road,
except under extraordinary conditions, should, therefore,
be considered reasonably permanent as to these features.
As a general rule, the foundation of a road should not re-
quire renewal if the road is subjected to adequate and
continuous maintenance. Avoiding any detailed con-
sideration of the exact proportion of the total cost of a
road represented by these features, I should say that in
general the permanent features would average at least
50% of the total cost. So that, if the other 50% must be
figured as perishable and subject to renewal, the debt
should not cover a period longer than twice the length of
this perishable portion. For example, if a macadam road
is constructed at a cost of $6,000 per mile and has an

estimated life of ten years, the bonds could run twenty .

years, because, at the end of ten years the depreciation
is $3,000 and the actual value is $3,000. Another ex-
penditure of $3,000 is made and at the end of twenty
years when the bonds become due, there has been a total
outlay of $9,000, against which should be credited the
permanent value of the road at $3,000, making the net
outlay $6,000, or the face amount of the bonds. This is
merely an example and a generalization. It would be de-
sirable to ascertain the permanent and perishable portions
in each undertaking.

The fourth proposition, which calls for the employ-
ment of specialists in road work, is so nearly self-evident
in its application as to require very little explanation. I
should say, however, that if the laws of the state would
require that all persons selected to have immediate direc-
tion of road or bridge construction and maintenance must
possess practical knowledge and experience, and if this
fitness should be tested by some sort of competitive ex-
amination to be prescribed by a state highway department,
acting either directly or through a civil service commis-
sion, the net result would undoubtedly be the saving of
many millions of dollars of road revenue and a wonder-
fully increased efficiency in our road system.

The fifth proposition, that responsibilities should be
definite as to persons, is aimed at the elimination of our
present complex and cumbersome system of road manage-
ment. If all of this antiquated organization could be
swept aside and in its stead one or 4 few officials endowed
with authority and charged with responsibility in each
county, the beneficial effects could not fail to be most
marked. If the people, individually or in a representative
capacity, could immediately place their finger, so to speak,
upon the man responsible for the discharge of public duties
we should have no more political juggling and the passing
of responsibilities and duties onward in an endless chain.

The sixth proposition, that continuous employment is
more conducive to efficiency than temporary employment,
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finds its antithesis in our present annual or semi-annual
junket which we call ‘‘working the roads.”” It is so self-
evident that a minor defect in a road can be repaired at
its inception with little effort, and that if allowed to g0
on it may require the entire reconstruction of the road
surface, that is seems scarcely necessary to urge the
soundness of this proposition. If a small force of laborer*
with necessary tools and teams were employed through-
out the year on the roads it would not cost any more
money than to call out a small-sized army of road han_dS
twice a year, and would not only result in quick repairs
where needed but would also insure that the most work
would be done at the places where it was most needed-
The force would be small, mobile, trained, interested,
subject to effective discipline and altogether infinitely
more efficient than the unwieldly forces now employed.

The seventh proposition, which calls for appointmen:
rather than election and for the holding of office during
efficiency instead of for fixed terms, is designed to attra}ct
to the work men who look upon road-building as a life
profession or occupation. A good engineer may be a very
poor politician and a good politician may be a very poor
engineer, but in a contest in which votes are essential the
good politician will usually defeat the good engineery
although the position requires engineering ability rather
than political ability. Do not spoil a good highway en-
gineer or superintendent by making him cater to the
popular fancy. If he is the right man in the right place,
it is absurd to limit him to a fixed term, for his positiof
is not a reward. The county is purchasing his services
and is supposed to get value received, and it should con~
tinue to purchase so long as he delivers the goods.

The eighth proposition, that no road is wholly pers
manent and that it requires continuous upkeep, is intende
to impress upon legislators and administrative officials the
necessity for making adequate financial provision to care for
roads, no matter how costly or efficient their construction
A house is not permanent without repair, a railroad 'craC_k
is not permanent without repair, then why should putfhc
funds in a large amount be expended in road constructio?
which, without adequate maintenance, may deteriorate to
the extent of 50% in a few years? It would seem almost
a reflection upon your intelligence that I should urg®
upon you these conclusions which are so generally under-
stood and accepted, were it not for the fact that thelf
acceptance is very largely in theory and not in actud
practice. :

The ninth proposition, that cash is a much more satis”
factory form of tax than labor, is put forward as a protes’
against the continued cherishing that old heirloom know?
as “statute labor.” If A owes B $10 and B has the optio”
of collecting that $10 in cash or taking the amount U
in labor which A shall select and which is totally unfa?
miliar with the character of work which B requires ar
which would be semi-independent of any control by B, “';
should consider it very unsound business judgment if ¢
were to accept the payment in labor instead of cash.
you provide an efficient highway engineer or county super
intendent with a modest amount of cash and let him select
competent, efficient laborers, he can quadruple the €~
fective results obtained by the same number of laborer?
under the old statute system. I know that there are seC;
tions of country where it is almost impossible to collec
a cash tax. A certain amount of discretion might in suc
cases be entrusted to the county authorities to accep
payment in labor. :

The tenth proposition, that state agencies which ma(}i'
be used in works of public improvement should be so Use"
instead of in commercial undertakings, is directed pafd
tially toward the convict labor question, and is base




December 3, 1914.

upon the assumption that offenders against society owe
a_debt to society which should be paid in such form as
will most benefit society, and the further assumption that
honest labor should not be discriminated against through
the sale or disposal of products created by criminal labor-
The practical application of this proposition would mean
the employment of convicts in road-building, the prepara-
tion of road materials, or in other. works of public im~
Provement so far as practicable. This proposition is in-
tended also to emphasize the necessity for correlation of
the states’ various agencies in the interest of road im-
Provement. For example, a state geologist should be
helpful in the selection and location of road materials,
the laboratories of state universities should be useful in
the testing of materials, the university staff should be
helpful in the givng of theoretical instruction and in many
Cases in practical extension work, state bureaus of sta-
tistics and agriculture should be helpful in accumulating
essential data for the road improvement work in the state,
and state civil service commissions should be of very
great use in the inauguration and conduct of the merit
System in the filling of positions requiring technical or

Practical qualifications and experience.
— ea»o—

PROPOSED CAR LINE EXTENSIONS FOR
TORONTO.

Four by-laws providing for the .exp\enditure of
$500,000 for transportation utilities are likely to be prf:-
sented to Toronto ratepayers on January ISt The works

and expenditures involved are as follows i—
line on Lansdowne

(1) Construction of civic car b
Avenue from St. Clair Avenue southerly to connect w_lth
the northern terminal of the Toronto Street Railway line
On that street at a cost of $105,000- :

(2) Construction of a double track civic car line to

i Yonge
Serve North Toronto, commencing at or near g
€, easterly across the Reser-

Street and Shaftesbury Avenu

Voir Park ravine para}ilel to the C.P.R. tracks, northerly
On a proposed street to the corner of Rosehill and Chfto}x:
oad, north on Clifton Road and Erie Street thl\rllougt
ount Pleasant Cemetery, on Alberta Avenue and ounf
leasant Road to near Broadway Avenue at a E?Stfe:n

320,000, The above definition of the route has n
'dgﬁnitdy settled upon by the works commissioner an
Wil probably be subjected to one or fWo minor changes.

€lore work on the line could commence the works colm-
Missioner has thousands of dollars of sewer work to a});
On the proposed route and a road to construct througt

ount Pleasant Cemetery. This road is f0 be permaneg_
and myst he sewered the whole length pefore the roa

Way can be constructed.
R (3) Proposal to purch tracks of the IYH?;l;
adial Railway from Queen e city lthis
i a cost of $52,000. The company’s hise on
Portion of the line ran out last year. P
bUSe(4) A proposal to purchase $I00’oo?ﬁV‘::lorts};c(t)ions in
the S to establish services at unspecifie
City,

ase all the tra
Street within th
franc

_—_—“0/—
unce

tha M, Beatty and Sons, Limited, Welland, Ont"‘tﬁnal:i‘:i i
gy have opened a district office in Toronto Wi .
sented by Mr. K. M.

154 Sim
coe Street, where they are TePT€ Yo
patcn ¢e, formerly of the head office: Prevmﬁly “tIhISP :trie
e i to by H. i y
Limijteq s been represented in Torom

tion,
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ADMINISTRATION OF WATER RIGHTS IN
BRITISH COLUMBIA.

By William Young,
Comptroller of Water Rights.

HE history of water administration of British
Columbia for the past 50 years may be said to be
the history of water administration of several of the
Western States of the Union south of the Interna-

tional Boundary. From the time when the province be-
came a Crown colony the ownership of the waters in the
rivers and streams has been vested in the Crown, and in
the circumstances, water rights were granted through a
period of well over forty years, unfortunately in those
early days in an unmethodical manner. The result
is that there are streams that have been over-recorded
many times, and again, many of these records are
a hundredfold in excess of the requirements for which
they were taken out. = Although throughout these years
there was a water law that provided for granting of
rights, such law contained no machinery for administra-
tion afterwards. With this weakness in the law and the
fact that records were granted by government agents in
different sections without reference to a central authority,
the final condition became one of chaos. Just as some of
the states to the south have faced a similar condition and
set things in order, so have we had to set about this work,
a beginning being made in 1909 when steps were taken
to terminate the growing confusion; but no organized
effort was made until the summer of 1912, when the Hon.
Mr. W. R. Ross called in able advisors to formulate a

system and advise the best method of undertaking the

work.
There is now nothing new to present in the adminis-

tration of water rights in British Columbia. In taking up
the many problems that confronted us we went about it
in the same manner that the trained scientist undertakes
some new field of research. An effort was made to ascer-
tain what had been done in other countries. While
amendments to the Water Act were made in 1913, the
f organized expert effort may be said to have
ded act of 1914. We do not claim
that this act as it now stands is perfect, far from it; for
during the preparation of amendment of the act complete
organization of office and staff has been well advanced,
current work taken care of, an order of work established
and the problem of handling the: large quantity of work
in arrears commenced. As regards investigating the work
that other countries have done, it may be said that we
have just entered on thg border of a vast realm; for of
all applied sciences irrigation may be said to be the
oldest, not to say anything of water power or waterworks.
The foundation of our administration of water rights
' our water law. What .follows hereinafter is a brief
analysis of this law, an outline of our o.rder of work, and
a few remarks with respect to administrative problems
and of how the administrative staff deal with the work.
The basic principle of our water law is set out at the
begirming in the declarat.ion that all the unrecorded water
in any stream is vested in the Qrown in the_ right of the
province. The purposes for which water rights may be
acquired are there given. Organization and administra-
tion are next taken care of. Procedure in the acquirement
of water rights follows, then the organization of com-
munities, associatlops apd mum-cipalities, and lastly the
Board of Investigation, its functions and procedure.
Under the chapter “Organization and Administra-
» the law briefly authorizes the appointment of the

results 0
crystalized in the amen
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comptroller of water rights, and the Board of Investiga-
tion, each with specific powers ; the appointment of district
engineers, also with specific powers; the division of the
province into water districts and the appointment of water
recorders. The law then sets out the administrative duties
and powers of the minister, also those of the Lieutenant-
Governor-in-Council. With respect to the latter, one of
the most important powers is the making rules and regu-
lations for the carrying out of the spirit, intent and mean-
ing of the law. With this basis to work on, the organiza-
tion is elaborated. :

The comptroller of water rights issues all licenses and
administers the act in accordance with the rules and regu-
lations in their application to the various purposes in
which water may be used. He is also empowered, with
the approval of the minister, to carry on such topographic
or hydrographic surveys and other engineering investiga-
tions as may be in the public interest. The Board of In-
vestigation was formed for the purpose of hearing claims,
determining old rights and adjudicating thereon. The
Lieutenant-Governor-in-Council or minister may, however,
refer any matter, question or thing to the board for the
purpose of obtaining information or making any enquiry
thereon. As constituted, the board normally consists of
three members, two of whom shall form a quorum. The
comptroller of water rights is a member of the board in
all matters excepting those pertaining to old records.

The division of the province into water districts is in
the interest of efficient administration and the engineers
appointed to supervise such districts have stated powers
to enable them to enforce “beneficial use’’ of water and
settle disputes; in other words, the district engineers re-
present and are deputies for the comptroller of water
rights, The water recorders, usually the government
agents, act as representatives to the comptroller to the
extent of receiving applications for water rights, such ap-
plications are advertised and then filed with him, so
that the neighbors of the applicant may have an oppor-
tunity of ascertaining if their interests are affected. The
rules and regulations deal particularly with petitions, sur-
veys, plans, fees and rules covering the use of water
rights.

It is not the intention at this time to enter into any
description of how water rights may be acquired for the
reason that there is a marked similarity to the procedure
that obtains in many of the water laws of other parts of
North America. Suffice it to say, however, that the pro-
cedure is now simplified in the interest of the settler so
that it is no longer necessary for him to call in a lawyer.
Already this feature has proven a boon to many a pre-

emptor or small owner to whom a lawyer’s fee would be a

charge he could ill afford.

The purposes for which water rights may be acquired
are fourteen in number and, although they are all im-
portant, three great purposes stand out with prominence:

(1) Irrigation, whether by individual, community,

company or municipality ;

(2) Power;

(3) Waterworks.

A broad distinction in purpose may be said to exist:
“Purposes that affect the public interest’” and ‘‘purposes
that affect the individual.”” Around these groups our ad-
ministrative machinery may be said to be constructed and
in their light the department is in a process of organiza-
tion for effective and efficient administration.

The creation of the organization we now have may
be said to date from 1910, when the administration was
centralized in Victoria. During 1911 and 1912 consider-
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able progress was made in the creation of a system
adapted to the business of administration, in expert in-
vestigation of conditions, and in formulating an order of
work. 1913 witnessed the division of the province into
water districts, the opening of branch offices and the ap-
pointment of district engineers; also a united effort in the
preparation of rules and regulations for the administration
of the act, and important amendments to the act, among
which may be mentioned a chapter dealing with irrigations
whether by community, company Or municipality. Very
important amendments to the Railway Belt Water Act
were also made, whereby the administration of water
rights in the railway belt finally passed from the Do-,
minion to the province, and as an outcome of this the
British Columbia Hydrographic Survey was organize

for systematic work throughout the province.

The effective work of administration may be said tO
have begun in this year, and that there might be uni-
formity of effort, the order of work referred to as having
been adopted in 1912 was slightly revised to meet the
conditions. This order is as follows:

1. Investigation of old records.

Systematic and continuous work in stream gauging:

Study of the proper duty of water.
The prevention of wasteful use of water.

Policing of streams.
Economic distribution and delivery of water.
. Inspecting water systems to determine their efr
ficiency and safety.
8. Determination of storage possibilities.
9. Investigation of water powers.
10. Investigation of source of domestic water supply*

This order of work involves the three great groups of
purposes referred to, and which are, in each particulaf
district, of greater or less importance. .

Investigation of old records comes first, and neces
sarily so, for the very good reason that effective adminis®
tration was quite impossible until the chaos of almost 59
years had been cleared up. Under these circumstances
the efforts of our district engineers have been largely con”
centrated on engineering investigation of those records)
although every line of work has been given more or less
attention. There are about 8,000 of these old records
practically all of which have now been reported on. These
preliminary reports have been of great value to the Boar
of Investigation. The hearings now held by the boar
are very different to those first held without such pré”
liminary engineers’ reports. The success resulting fro®
the efforts of this tribunal during the past two season’
is as much due to these reports as to anything. Decisions
on 2,000 records have been rendered, and to date but five
appeals have been filed, two of which are now in default
We are hopeful this measure of success will continue. 1% =
some of the districts the board work is complete, and weé
are now fortunately in a position to follow more fully and
carefully the various other lines of work, with results tha
have been most encouraging.

1 have referred to three great purposes as being of
public interest, wiz. : Irrigation, water power and water”
works. Since the difficulties met with in administratio®
centre around these, we will refer to them in due order*

 The Administration of Water for Irrigation,—Priof
to 1914 there was no provision in the law that would e
able the officers to cope with the conditions that alrea®’
existed, and under the circumstances their hands wé
practically tied. The Water Act of 1914, however, i
cluded new sections which involved basic principles an™

S O CTuCohes O3
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Made administration for irrigation possible and effective.
These principles are :—

(1) “Limiting the quantity to beneficial use,” that
IS to say the quantity of water used per acre shall be
h.m”ed to such quantity as experience may from time to
time indicate to be necessary for the production of crops
In the exercise of gocd husbandry.

(2) ““Rotation in use,”’ when a number of water users
may.arrange a system of rotation that will best meet the
fequirements of growing crops and at the same time
Secure an economic use of the water.

(3) ““Consideration of the particular crop grown,”’ a
{)}:OYISIOU which opens the way for adjustment that is in
€ interest of the community as a whole.

As to what kind of crops should be grown, I do not

consider myself qualified to discuss such an imp(?rtant
Subject; but as regards these principles and their ad-
t credited to

Ministration I am reminded of a statemen

It William Wilcocks in reference to the control of use
of.watel' in the prevention of deterioration of land: ““In
this respect the government is autocratic and can and.must
enforce the regulations devised by its experienced advisors.

t need not await the slow education of the great bo_dy
ctices which

o .
ef Water users before adopting those pra
Xperience has shown are necessary for the general

r:’rosperity. ”

of For the administration of these principles .the powers

o tl?? district engineers were enlarged, and in carrying

(!,l t “‘rotation in use’” they may arrange when necessary
T the appointment of water bailiffs whose duties are

glearly set out in these sections and whose authPrify is
acked up by the Police and Prisons Act. These prmcxples

a . .
r:fd the provision for their enforcement are not new. 1
erring to the history of irrigation, particularly 1n

“Ountries where it has been practiced for centuries, we
field has to flow

ar 4 . -
ine told that the water that irrigates your by
an x Channel which passes the field of all your neig 10
'd cannot be maintained in a state of efficiency unless
d how method,

all do thes
their duty, and it is easy to understan '
& 4 constituted authority

Order and . 1
obedience to a proper yWe are also told how -

al?t.z Soon developed themselves. told g
gat Cracy was introduced into a free community, ©°, :

((i)'rs‘ on small, independent canal systems and in tllr::s
a diéfthCulty the irrigators chose from among then;searld
is ator for the whole period of scarcity of supﬁ) yWere
n Orders are obeyed and respected as though he i
Qhoa solute monarch, and further, that they invar

Se a good man.”

e In short, success here may be said to dep;nd ;‘a{ﬁ’;
f ol:i‘man equation and we have k_ept in mmd; %isgs it
Sistip, ~world practice in the appointment of a(; res’pec g
of thg upon these men having the confidence a0 B
the € communities in which they reside. The 1; 7 G
at troduction of these principles in some districts B
Cour”. feuds have existed for years has beefn_mzss ‘
Neighp Irrigators have agz.ain_b_ecome' rls:ss =
Fogn. ot S realizing that their individual suc g s
One pen_ty meant the prosperity of the commun Y'n B,
w epartlcular instance where an order of rotatilg -
founé Was instituted, as the water became Scar(:jeditches
that bthat some of the prior record holders a'lt £
theira Sorbed all the water in the creek before bl e
bai]; an-d.. As this state of affairs became ‘; vorder of
"otati eh.m‘nated these record-holders from td‘?t b chede
ey 1" iN the use of the creek, and 0 the Py hag
Caugeq ;2 be said that, although in other y?art'oe g
bailiff! tro"fble, they now acknowledged the _Jlis lse o ‘e

S Tuling, they could not make neficial U
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water, and it was not in the interest of the community
that they should prevent others from doing so.

Then there are other important features in the in-
terest of irrigation that permit of effective administration
and encourage organization that will mean not only de-
velopment, but greater co-operation among farmers.

These are:—
(1) The organization of water users communities ;

(2) Organization of mutual water companies;

(3) Organization of public irrigation corporations, or

irrigation municipalities.

Time will not permit of reference to these, other than
to state that enterprise has been stimulated in different
farming sections. Irrigation communities are being
formed and the department have now under consideration
a number of petitions for the formation of irrigation cor-
porations in respect of which the preliminary engineering
work is well advanced. It is expected that the various
conditions required by the act as regards organization
and management will he fulfilled during the coming
winter, and that another year will see several irrigation
corporations or municipalities in operation.

Administration of Water Rights in the Development
of Power.—This purpose and its administrative require-
ments has received quite as much consideration as the
purpose of irrigation. Recent amendments to the act in
this respect were but few, but of great importance. It is
no longer possible for a company to organize with the
minimum of capital permitted by the Companies Act for
the purpose of carrying out an undertaking requiring
several millions of dollars. It is now impossible for a
purely speculative element to secure and hold indefinitely
a valuable franchise. The administration in this respect
is largely governed by rules and regulations that the
Lieutenant-Governor-in-Council may from time to time
make for carrying out the spirit, intent, meaning and
purpose of the act. In respect of power, these rules deal
with surveys, construction, the operation pericd and fees,
In regard to the companies now operating the determina-
tion of the fees to be charged is now occupying our
attention. How such fees should be arrived at is clearly
set out with an alternative; this alternative being that
the fees may be based on a reasonable station output.
For the present, we are taking this as the average daily
horse-power arrived at from the total output in kilowatt
hours at the power house switchboard. As the old re-
cords are eliminated and licenses substituted therefor and
the organization for effective administration progresses,
we shall in due course go more fully into the question of
basing such on the several factors set out in the

fees, ; .
han on the basis which has been adopted

rules rather t
for the current year.
Eylioclectiic Lore is essentially a specialty and
to deal with it in a proper way, a ool oL Dile Bhalt
will, in due course, give its whole time to its administra-
tion and study.
The problem of water power administration and

is one of economic importance and the question
fronts us is to what extent should the Crown be-
rested. On the one hand we have the example
of the Hydro-Electric Commission of Ontario, the pro-
gress of which we must carefully follow, analyzing the
reports and criticisms pro and con. Then there is, on the
other hand, the necessity for encouraging investments of
rivate capital, subject, however, to the principle that
tural monopolies must be under regu-

public utilities as na
lation by the Crown. What the ultimate result will be

y the future can tell.

policy
that con
come inte

onl



e e e e e

=

716 THE CANADIAN ENGINEER

As the province must know something of its assets
in water powers the work of  stream investigation has
been taken up. This work for the season now closing
has been more especially in the Okanagan Valley and,
comprises topographic work, and stream investigation
for power, reservoir investigation, stream gauging already
having been arranged for. Small powers are not over-
looked. It is only necessary that data be made available
in some instances to bring about development, as a small
power may mean an important industry to some com-
munity. i

Administration of Water Rights for the Purpose of
Waterworks.—Administration in the issue of licenses and
collection of annual fees is usually plain sailing in this
purpose. There is, however, a phase of it that is of
great importance and in the public interest, “The in-
vestigation of the sources of domestic water supply, par-
ticularly for large centres of population.’” Many of these
watersheds are still Crown lands, and the Crown, as the
land and water lord, is in a position to introduce practical
conservation. During the past two seasons a field party
has been continually at work following a set order in:—

(1) Determination of timber area.

(2) Cruising to determine how much timber is mer-
chantable and whether the timber as a whole is a factor
in the regulation of stream flow.

(3) Cruising of alienated timber.

(4) Extent of run-off.

(5) Obtaining the area of alienated land and the pur-
pose for which it is held.

(6) The investigation of other rights, whether water
or mineral, and the use to which they are put.

In a new country like British Columbia the value of
this work must become of greater importance as time
goes on. With the co-operation of an active Provincial
Board of Health there will, in due course, be available
data for the various centres of population that will be a
guide in securing and guarding their sources of pure do-
mestic water. The most important work in this respect
now in hand is the survey investigation of the watersheds
from whence comes the domestic water supply of Greater
Vancouver. The results already obtained have enabled
us to make equitable decisions in respect of licenses held
by the municipalities who were at variance with one
another. It is obvious that Vancouver must become a
large city, a great railway and shipping centre. With
this in mind we are compiling all the facts. The pro-
tection of Vancouver’s source of domestic water supply
has been rounded out to such an extent that when the
time comes to provide for larger demands there will be
few difficulties in the way.

Hydrographic Investigations,—When the province
assumed from the Dominion the administration of water
rights in the railway belt the latter decided to continue
its hydrographic work in this section. It was, however,
considered that it would be advantageous to the province
if it could co-operate with the Dominion along lines
similar to those in operation in the United States. An
agreement accordingly was arrived at, and and we now
have the British Columbia Hydrographic Survey. The
officers of this organization have no administrative powers
in respect of water rights. Outside the railway belt their
whole time is devoted to hydrography, results of their
work being available to the Water Rights Branch for ad-
ministrative purposes. Our district engineers are thus to
a large extent relieved of this work, except in sections
where irrigation is practised, and proper administration
depends on a direct knowledge of stream flow. In this
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respect we have, to some extent, adopted the system in
use in Oregon, charts being prepared to show graphically
the relation of records to stream flow, from which it may
be seen at a glance those licenses that have to depen
upon storage, and to what extent a stream may
recorded on.

I have referred to the lines of work of the district
engineers as covering these three great purposes. An
while I have stated that every line of work laid down
has received attention in one or other of the districts, 1t
has been impossible at the present date to give all the
lines in each district the full attention they merit. For
example, take ‘‘Duty of Water,”’ a work that will demand
the whole time of one man, who must specialize, an
whilst this is so, it is not the intention to relieve the dis-
trict engineers of their responsibility. On the contrary,
their co-operation is essential, and they will be require
to keep in touch with all work within their districts an
to be here and there in the event of contentions arising:

In conclusion, if the administration of water rights
is to count for anything, the requirements of the different
sections of the country must be anticipated. To this en
we have concentrated our efforts on the Okanagan Valley-
By the end of another season every stream will have beer
traversed, every reservoir surveyed, every watershed de
termined, and the timber cruised ; stream gauging all the
while having been carried on. In fact, a thorough water
investigation will have been completed in anticipation O
development that is bound to come. The problem of Wf’lll
drilling in its application to bench lands is also under 1%
vestigation; also the problem of irrigation by pumping
with a view to obtaining and marshalling all the exper’”
ence of other countries that we may apply them to Britis
Columbia.

In the general conduct of the administration of watef
rights, whether at headquarters or in the field, we aré
endeavoring to follow the principles of good business PY
giving prompt attention to enquirers and water users;
unbiased decisions where there is dissension ; and in belf‘g
thorough and comprehensive in field work and other 177
vestigations that we from time to time may undertake:

— e

THE REGINA ENGINEERING SOCIETY.

At the annual meeting of the society, held recently?
Mr. L. A. Thornton, works commissioner, Regina, was
elected president, and J. M. Mackay, superintendent g
waterworks, Regina, was re-elected secretary for t e
year 1914-15. "

About 30 members took part in a visit to Moose Ja¥
on October 17th, where the city engineer, Geo. D: Mackié
had made elaborate arrangements, including a spect®
street car and a group of automobiles, for showing the
party about the various works of engineering interest Vi
the city. Amongst those visited were the power statio®
where a demonstration of the recently installed hlg‘; '
pressure water system was given; the sewage disp0?
plants; the new Dominion Government internal storag!
elevator, and the Robin Hood flour mills. y

The society’s annual dinner was held in Regina °_
November s5th, the guests including His Honor Lle‘{t'
Gov. Brown, Chief Justice Haultain, Wm. M. Marti
M.P., Regina; J. F. Bole, M.L.A., Regina; Robt. Maf
tin, mayor of Regina, and Jas. Pascoe, mayor of Moo%
Jaw. . el

The next meeting of the society is being held 10 d
Regina College at 8 p.m. on Thursday, December 3
the president delivering his inaugural address.
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PURIFYING RESERVOIR WATER WITH COPPER
SULPHATE.

achieved at the City of

Gloulcnteresting results have been : >
city’ ester (Eng) in dealing with the nuisance, in the
by thS reservoirs for the supply of Qotable w%ter, caused
L of? excessive growth of weeds “{hlc!l, decaying, created
. ensive odor'zmd'gave an ob]ectlonable-color to the
CeSSi: At one time it was necessary to reduce the ex-
e 6?h{?’rov.vth of the wef'ads by the use of rakes—a pro-
COnse“ ich involved considerable annual expense. As a

quence of experiments conducted by Mr. Geo.

mbrey, F.I.C., the analytical chemist to the Gloucester
weed growth has

n((;vtng}' Council, the nuisance from the !
i een effectually combated. The Witcombe reservoirs
o FOI‘POration were at the time choked with “Chara
sp‘ggans,” a plant which is propagated by means of

res contained in an archegonium and fertilized by

a ot :
ntheridia. The bursting of the archegonium sets free
with the countless

anytrhlads of minute greenish cells which,
rozoids, give the water 4 distinct color ‘and a ﬁsl?y
ulphate 1

0do
r. It was found that the use of copper S i
minently successful in

g:;r;tltl-es of 1 to 1,000,000 Was eminenty ssful
3 ﬁoymg the lower forms of plant'hfe without injuring
b sh or rendering the water toxic to human beings-
PlaceOf the methods of applying: the copper s.ulph'ate is to
Sterp the crystals in a canvas bag and trail this at the
the § of a moving boat. Another method 18 to.scatter
ing qne crystals over the surface of the water as 10 50\}:/-
rese;\e,ef‘l’ the crystals falling rapidly to the bottom of the
e f oir hefore dissolving. This has an.advantage' over
ormer. process where the solution 1S much diluted

Or; reaching the bottom.
havye {:‘e three l‘eser-\'oirs of the Gl
q“anti} total capacity of .120,000,000 =g
aPPlicaZ- of sulphate used is 400 poynds.on each yearly
a equ‘ lon, or.1 to 3,000,000, which 18 found to
x"i?atef;t(? to keep down the weeds. Each reservoxrh SO
POssih is allowed to stand at least 3 days, and \vhfarle
periode: a week, after the application, at the end of vlv }lm
fan he it is fit for domestic use and Do trace of s_ug ur
foung -found in the water. The treatment, it has ﬁen
the b’ols best carried out in the month of February, W f.:;]
diatomttom of the reservoirs is usually cqvered WId‘
iong tSIOnly; in March and April, under ordinary conthl-
ara }]e confervae make their appearance and lat_ert bz
Applieq begin to grow. But if the sulphate treatmeél b
Neithey in the early stages the diatoms aré destroye
if the conferye nor. the (Chara #RPSEE Moreover,

© Operation he performed with care and under proper

oucester corporation
gallons and the

Sy A
Pervision no danger need be feared.
_———..'&_——-——_
NEW STEEL PLANT IN OPERATION:
orts of increased

U announce-

Al : )
actjys, 8 Wwith the encouraging T€P
da, Limited,

me“tltfz among steel companies has come th
that itso;" the Armstrong, Whitworth of Canad:
Ple ew mill at Longueuil, Queé: is prac

beforg and will Bamices o, inal s DAl =
lish c‘:‘ the month is ended. Although controlled by Eng-
factur‘pltal’ this company isiessentially 2 Canadian mant®
""& concern, employing Canadian workme™ an

Editorial
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manufacturing grades of steel which, up to the present
have been scarce commodities in this country. A hi hi
grade CI'LlFil)lc steel for the manufacture of drills tags
cutters, dies and other tools belonging:to machin:z sh% ;
practice, will mark the initial activities of the new l'mtp
Drop forgings will be started early next year :mdp i(t i:
the intention of the company to extend its prc’sent l'mz
by the construction next season of a projectile shop e
Sir Percy Girouard is president of the compan. and
the other directors are the Right Hon. Sir George HZrl‘)ert
Murray, P.C., C.B.; Saxon William Armstrong Noble,

George Green Foster, K.C., and Matthew Joseph Butler,

C.M.G.
——

PLANS TO REBUILD BELGIAN BRIDGES.

conference was held in Toronto last
week by representatives of the Canadian Pacific, Grand
Trunk and Canadian Northern railways, and of th,e Allan
Canadian Pacific and Canadian Northern steamship lineqr
The project under consideration was the rehabilitation of
the numerous railroad bridges in Belgium and France,

that have been destroyed in military operations. It was
felt that the reconstruction of these bridges meant to
Canada the employment of great numbers of men and the

Communications from the

outlay of millions of dollars.
seat of war pointed out the .enormous task which
European engineers had before them in replacing railroad

bridges in the shortest possible period of time, and bridge
builders are of the opinion that field fabrication will
largely give way to the transportation of entire sections
of steel bridges from other parts of the country to. the
desired location. Discussion centered upon the steel’
bridges in possession of the railroads and not in use

since their removal to make way for heavier structureq,
It was stated that these released bridges, if laid down ;n
Europe, could be of great service, as they might be im-
mediately installed to replace those destroyed.

Those who took part in the conference were: J. L.
Perron, solicitor for the C.P.R. and Montreal Tramways
Company ; Wm. Lyall, of the P. Lyall Construction Com-
pany ; Timothy Foley, E. T. Foley and O. W. Swenson
of Foley, Welch and Stewart; W. F. Tye, civil engineex"
of Montreal; Patrick Dubec and Jno. Jenkins, Montreal
railroad men; C. W. Allan, of the Allan Line, and Hugh

Sutherland, of the C.N.R.
E — e

An important

PROGRESS ON THE HUDSON BAY RAILWAY.
From Le Pa§ to Thicket Portage, a distance of 185
the new line has been practically completed. Tt
ed that a year ago this portion of the
was graded for a distance of

miles,
will be remember
own as Section T,

Jine, kn )
130 miles and had .recelved steel for 60 miles. Section 2
extending from Thicket Portage to Split Lake, a distance’

of 68 miles, has been graded and steel is now being laid
On Section 3, the remaining 165 miles between Split Laké
and Port Nelson, considerable clearing and grading has
been done. Officials of the Department of Railway:: and
Canals, Ottawa,.state that the work will be cont.inued
throughout the winter, and that completion of the Hudson
Bay Railway may be looked for early in 1916.
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SASKATCHEWAN LIGNITE.

are the brown deposits of coal, which, in quantity,

is estimated in billions of tons lying east and west

of the Souris River. It is of marked woody struc-
ture, but its character throughout practically all the de-
posits is a true lignite of cretaceous age. A full report
will shortly be presented by Mr. S. M. Darling, who is
in charge of the government’s lignite experiment station
at Estevan. It will be looked forward to with interest,
as this source of fuel and power premises bright prospects
for the industrial future.

This lignite, as it is found in Saskatchewan, requires
drying to eliminate a 309% content of water. It is then
crushed to about 1 inch in size, the larger sized lumps of
dried fuel being then suitable for burning on automatic
stokers, while the smaller sized lumps pass on to the
carbonizing oven for treatment hefore being briquetted.

THE sole sources of fuel in Southern Saskatchewan

Mr. Darling states that at Superior, Wisconsin, he
recently dried a carload of lignite, briquetted it and
burned the briquettes in a boiler test under the boilers at
the Parliament Buildings, Regina. The amount of water
evaporated per pound of fuel as fired was 6.36 pounds.
Temperature of feed water 57° F. Last January in a test
at the city power plant, using a good Alberta coal, under
like conditions, the amount of evaporation was 6.5 pounds
per pound of fuel as fired. ‘“With equipment designed
specially to handle this lignite,” states Mr. Darling, ‘‘we
can make briquettes that will be fully equal to the western
coals is evaporative efficiency.”

The lignite dust is very explosive. The drying plant
must be equipped with explosive safeguards, and a plant
equipped for the purpose can remove practically all of
the moisture.

No byproducts are, of course, obtained where the
lignite is simply dried.

The most profitable way to utilize the lignite is to
carbonize it; that is, to distil off all volatile matter.

On carbonization, the products, in round numbers are :

1. Gas, per ton of lignite...... 10,000 cubic feet
2. Oilor tar per ton ....c..... 15 gallons
3. Ammoniacal liquor ........- 35 gallons
4. Carbon residue ..o «cromis 1,200 pounds

The gas has a heating value of 400 British thermal
units per cubic foot and makes a good ‘‘town gas,” for
use in stoves and ranges. It is not a good illuminating
gas; it is serviceable principally for fuel and power.

There is more gas in one ton of lignite than is re-
quired to carbonize the next ton. This surplus gas has
a very direct hearing upon the matter of cheap power.
Six thousand cubic feet of gas are required to carry on
carbonizing, leaving a surplus of 4,000 cubic feet per ton
to be used for power. -

The market for domestic fuel, states Mr. Darling, is
very large and it is not unreasonable to expect that the
demand for carbonized lignite, for gas producers and do-
mestic fuel in the shape of briquettes, will be sufficiently
large to vield from the surplus gas all of the power re-
quired within a wide range of the lignite fields. The
power derived from this surplus gas costs less than
Niagara water power, $8 per horse-power year. If
necessary, the amount can be augmented by using car-
bonized lignite in gas producers.

The oils and tars extracted from the lignite can be
put to many uses—fuel oil, creosoting oil, leather pre-

_mines are therefore idle a large part of the-year.

_ transmission towers, and strung 8 miles of wire.
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servative, water proofing, tar paper, roofing pitch, etc.
The pitch makes an excellent binder for briquettes an
will go far towards reducing the cost of this item. Al
most all our coal tar dyes and other coal tar products
have heretofore come from Europe, principally Germany-
Several million gallons of creosoting oils for preserving
timber have been imported annually. That supply is nowW
cut off and the value of these materials on this continent
greatly enhanced.

From the ammonia compounds is derived a substan-
tial quantity of valuable fertilizer.

Lump carbonized lignite is the ideal gas producer
fuel. The amount of gas is equal to that from anthracite
pound for pound, but the gas is richer, has less tar an
less clinker and burns more freely.

The 100 horse-power producer gas plant in the Lea}del’
Building, Regina, has used six carloads of this carbonize
lignite, and on anything approaching a full load they got
a horse-power on each pound of fuel. There are twO
dozen gas producer plants in this territory that will use
this carbonized lignite when it can be supplied in suf’ﬁcwr_l'c
quantities. It means a reduction of 30 per cent. in their
fuel bills.

As a domestic fuel the carbonized lignite briquettes
are fully equal to anthracite, ton for ton. They have 2
heating value of 12,000 British thermal units per pouf
as against anthracite’s 13,000 British thermal units. But
there is no clinker from the lignite briquettes, no loss 11
burning, and they can be used nicely in kitchen ranges
which is impracticable with hard coal.

This drying, carbonizing and briquetting of the l.igmte
results in substantial economies from the standpoint ©
the mine owner. There is not the large waste in screen”
ings as at present; every pound mined is used for som®
purpose. The product is put into such a condition tha
it can be stored indefinitely and shipped any distanc€
without deterioration. This is not possible with the ra¥
lignite, which can be mined only as it is used. The lignité

year,

ability to operate at a steady rate throughout the o

storing the products during the summer for shipment ¢
winter, will effect a decided reduction in the cost &
production. ‘

To sum up:i—

I. For domestic fuel for heating and cooking ther®
are dried or carbonized lignite briquettes.

2. For steam raising purposes there are dried
for automatic stokers, dried lignite briquettes for ha? &
fired furnaces and powdered fuel. )

3. For electrical power there is the carbonized lignit¢
for use in gas producers at local points in different par
of the country; and, when the time comes, if it71s 8
already here the surplus gas from the carbonizing process
will be adequate to generate current at Niagara T4
for distribution over a wide area from a central statio?
at the mine.

4. Finally there is the utilization of the byproducts’
which is bound in time to be a large industry in itself:

lignit®

—- —

RAPID LINE WORK.

A < PP i
A construction gang of 9 men belonging to the er\gm‘;ia, .
ing staff of the Hydro-Electric Power Commission of Onta,o [
is in possession of an excellent record for speedy constructh

o)
Between October 26th and November 1oth it erected 459 ste
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THE STRENGTH AND DESIGN OF WASHERS IN
REFERENCE TO THE BEARING ON WOOD.

T tf}e present time very few washers are designed
with any idea of obtaining economy of design.
An amount of metal is cast in a certain shape and

B it 1(;11516(1 to v]‘]old the load to w'hich it is to be
the q”e‘ . .Bu.t owing to lack of definite knowledge on
0 ; UJQCt it is customary to add .con51derable unneces-
Cas{i m.‘etal to a washer simply to insure safety. In the
th n‘g.of washers, however, the cost varies dl'rectly Wnth

e weight and the question of an economical design

sh : : ;
ould be a vital one. The common washer 1S essentially
ossible that

:nd::_econopical one in design and it seems p
i ign with less metal and sufficient strength could be
% ned. It was with this in view that a careful study
as undertaken by L. R. Rodenhiser, whose results ap-
Peared in a recent issue of The Cornell Civil Engineer.
Tod:rhe objects of his investigation were two-fold: (1)
of d.L;[ermlne the safe bearing value and ultimate strfngths
terml‘ erent woods under different washers. (2) To de-
b ine the economic size of washers and their weights
order to make the first aim as high as possible and yet

€ep the weight of washers down to a minimum.
cted and tested by the

S0 Four .kinds of wood were sele

per test with the following results: Douglas fir, 9,000 Ibs.
e o itewood, 4,500 and white pine;
co ’.I‘,he conditions of the test were as nearly like actual
sizndltlons as possible. A hole was bored in the wood the
e of the hole in the washer and the tWO holes placed

g x ;
Oncentric. The loads except in two Cases were applied
was used to apply

tgealonliit‘ In those two cases an edge : - y
Was va S. The depression of the washer into the woo0
ery accurately measured.
and The timbers used in the testing Were four feet long
as ‘ge-re all 4 in, x 6 in. except the Douglas fir, which
take in. x 6 in. The wood was not selected but wzs
‘l'omn at random from the stock of a local lumber-yard.
bee the results, however, the wood appears to have
0 well seasoned. :
imitPl‘OfeSSOr Johnson’s rule for determining the e}asl;c
Point was used. That is: the apparent elastic limit is t ?
efor On the stress of any material at wh.qu the rateho
WOrd;naitlo.n is 509, greater than at its origin. In olt e(l;
IS 500/ it is the point of tangency of 2 line whose}ls?ge
Origip. greater than that of the tangent throug -
Ones v, The washers that were designed for econom1d
iy designed for a bearing of 500 Ibs. on soft ;vloo
f°Un?1°? Ibs. on hard wood, these being just half the v u;ai?
Cation or the elastic limits by experiment: In the app
m"”CiaIOf re.SUItS it should be remembered thath 1ns c;x:-
€ irre casting the bearing surface of the yvasherWOOdy
Also thgular and so cause uneven the - woog:
e Poore qual‘t)’. of the metal used in com
Diszncl variable.
s ussion of Results.—Tests

: ;testhe advantage of spools on Was ith the result
S ef?ols were found to increase the _strength
Withoyy rom 50 to 1009, according t0 the size O gt
Washer a proportionate increase 10 the weig ol
an th A test was made for a spool of greater 3
at indicated in the above specification put no ap
hown for the added

preci
able i :
Metq], € increase in strength was S

with round-
und edge or
the amount

was made
hat the 10
1d reduce

n i y
Cdgeq WlmereStlng set of tests
the comashers- It was expected t

act face of the washer wou
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of th_e cutting and consequently the amount of the
pression. On the first test the washer turned u o
edges so no satisfactory results were obtained PFOH ;hc
tests were made on stiffer washers but the resuits dl'lcll‘t elj
indicate any decrease in depression of the washer dl S
the rounded edge. In these tests the outside ed i
roun.ded and no advantage was observed. It is tfl;e o
possible that rounding the lower edge of the ine}d 10}1ght
bolt hole may work to advantage by relieving t};e ¥ 0‘ s
from the fibers which were cut by the bit. Ho e
tests were made to determine this. : R
: In the first tests the load was applied on a line b
in each case the ultimate strength of the wash;r \I\:e i
much less than when applying the loads by a nut thaistliz

N

f/g b

rig

r1g e
Some Practical Designs of Washers.

method was discarded and all subsequent tests were made
with the load applied by a nut.

An important result was obtained from the tests on
square washers. The ultimate strength of the washer
was observed to be actually less for a square washer than
for a round one of diameter equal to a side of the square
Oh the tests on square washers the corners turned
up and SO caused the failure of the washer. It is sup-
pos ed that the pressure on the corners, though beinp
lower per unit area, has such an increased lever arrﬁ
about the bolt that the bending moment in the washer i
greater than it would be if the corners were cut off IlS
no case were square washers found to be of advan.ta i
This information could be applied, it would seem, to ?lff.z

one.
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design of plates for more than one bolt, where the corners
could be rounded to increase the strength of the plate.

Two similar washers were tested, one with a rim
3/16 in. high and 3/16 in. wide around the edge, and one
without the rim. The tests showed an increase in strength
of 459 with an increase in weight of only 25% for the
addition of the rim. The bearing at the elastic limit was
92 Ibs. per sq. in. and the ultimate strength 1,050 lbs. per
sq. in., the break occurring radially. The design for this
washer is shown in Fig. a. Another test was made with
the rim moved in ¥ in. from the edge but no advantage
was discovered in the change and if ribs were used the
rim on the edge would serve as a brace for these.

A ribbed washer with a 1/16 in. plate, and a 3/8 in.
spool was found to stand a load of slightly less than 1,000
Ibs. per sq. in. Considering the thinness of the plate this
was remarkable. However, this washer was carefully
made in Sibley foundry and can not be fairly compared
to a similar commercially cast washer. While this design
for a 3 in. bolt weighs only 53 Ibs. per 100 and is con-
sequently economical, yet it is impractical to cast such a
thin plate and the design should not be considered for
commercial purposes. A similar washer with a 14 in.
plate and a %4 in. spool cast in a local foundry proved
about equally strong and much more practical.  The
weight of this design was 70 Ibs. per 100.

An attempt was made to design a series of economical
washers by using the features of advantage found in the
above tests. Fig. b shows a soft wood washer for a 4 in.
bolt. A 14 in. bolt will hold safely 2,000 Ibs., the ultimate
strength being from 6,000 to 8,000 Ibs. The washer
broke at 7,400 lbs. and may therefore be considered as
‘an economical design since washer and bolt fail at about
the same load. The weight of these washers is 30 Ibs.
per 100 while that for an Ogee washer for the same bolt
s 37.5 Ibs., thus showing a saving of 25% in cost. The
wood was not stretched to its elastic limit so this design
may be considered a safe and economical one.

Fig. ¢ shows an economical design of a soft wood
washer for a 3 in. bolt. Such a bolt will hold safely
4,600 lbs., and on the first design with a }§ in. plate the
washer stood only 8,500 lbs., which might be considered
sufficient if all washers were uniform but as a factor of
safety of at least four is desirable, it was thought ad-
visable to raise the thickness of the plate to 3/16 in.
This raises the weight from 63 to 75 Ibs. per hundred but
the Ogee washer for this bolt weighs 100 Ibs. per 100,
so that a saving of over 30% is effected by the use of this
more economical design.

The tests for the 1-in. washers did not prove as satis-
factory as the others. However, from the results ob-
tained, it was considered- that a washer of the design
shown in Fig. d would be satisfactory. This design is
also for a soft wood washer.

Fig. e shows a design of washer for a 14-in. bolt for
hard wood. The washers were all in perfect condition at
the end of the test, the failure occuring in the wood at
7,800 Ibs. This washer weighs only 26 lbs. per 100 and
may be considered as both safe and economical.

A design of a hard wood washer for a 3 -in. bolt is
shown in Fig. f. The plate has been increased 1/16 in.
in thickness over the one used in the test as that one did
not prove quite strong enough for all purposes. The de-
sign shown would hold from 15,000 to 18,000 Ibs. and as
the safe stress on the bolt is 4,600 Ibs. this is sufficiently
strong for all purposes. The washers used in the test
broke radially under a load of 1,820 Ibs. per sq. in. The

- weight of the washer shown in the design is 50 Ibs. per

Volume 2%.

100, which is 22 lbs. lighter than the Ogee washer for
the same bolt.

The results have shown that the present design is un-
economical, and for three common sizes of bolts, designs
for very economical and satisfactory washers have re-
sulted from the experiments.

Conclusions.—The three main conclusions arrived at
in the design of economical washers were :i—

1. For bolts of less than % in. in diameter no rein-
forcement of the washer is necessary; a flat plate large
enough to provide sufficient bearing area being all that is
required.

2. For each inch of diameter of the plate there shall
be 3/16 in. in height for the spool but no spool shall be
less than 7 in. in height.

3. For each inch of diameter of the plate there shall
be 1/16 in. in thickness for the spool but no spool shall
be less than 3/16 in. in thickness.

—_— -

PUBLIC WORKS ON THE PACIFIC COAST.

construction of the new 1,150-ft. drydock at

Lang’s Cove, Esquimalt, B.C., the Department of

Public Works of the Dominion Government has
under construction in the province improvements amount-
ing to $4,500,000. The Ogden Point breakwater, 2,539
ft. long, is under construction by Sir John Jackson
(Canada), Limited, and is to be finished in about I5
months. It will cost about $1,800,000. The government
has awarded a contract to the firms of Grant, Smith & Co.,
and McDonnell, Limited, for the construction of the first
two piers. One side of the pier, the nearest the break-

OVER and above the expenditure connected with the

“water, will be 1,000 ft. long. The other side, and the

sides of the adjoining pier will be 8oo feet each. The
width of the piers will be 250 ft. and they will be separated
by 300 ft. of water of a minimum depth of 35 ft. at low
tide. The piers will be of concrete cribbing filled in with
rubble. The time limit of the contract is March, 1916.
The amount of quarry run and rip-rap, which has been
deposited for the foundations of the breakwater, is 673,197
tons, and the pier contractors have dumped 148,241 tons
of similar material for levelling off a base for the cribs:
A total of 12,940 tons of granite blocks has so far been
laid by the breakwater contractors, and in connection with
the land excavations 54,847 tons cubic yards of earth
and rock have been removed.

The core of the breakwater has been built for the
entire length, 2,500 ft. The core consists of 233,611 tons
of small rock. The foundations on which the granite
blocks will be set have been completed to within 700 ft-
of the outer end of the breakwater. In connection wit
this work 439,586 tons of rubble has been dumped. The
foundations are 2o feet below low water, and the rubble
deposited included rocks of weight from 200 pounds 0
16 tons. These foundations have been levelled off on the
exposed side of the breakwater for a distance of 8oo ft-
from the shore. The granite blocks, weighing 15 tonss
have been set in position by divers to a mark 500 ft. fro™
the shore end and to a point 5 ft. above low water.
concrete superstructure has been prepared out 300 ft.,
and the contractors are now finishing the first block of

this, which is 26 ft. in length.

Grant, Smith and McDonnell are concentrating all
their work on pier No. 2. The western side of the pier
is to have a length, as stated, of 1,000 ft. and rubble for
the foundation of this face has been dumped to give 2
depth of 34 ft. below low water. The last foot of the
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foundations is of very fine gravel in order to form a good
bed on which the cribs will rest. On the western face
of the pier, which is to be 8oco ft. in length, rubble has
been dumped for three-quarters of the distance. A portion
of the foundations on the eastern face is now ready for
the cribs. These cribs, each weighing 3,500 tons, are
being built on a floating drydock of 8,000 tons capacity,
which is now moored off the newly acquired quarry at
Royal Bay. Earlier in the year the drydock was chartered
from a Seattle corporation and during the past few months
a large force of men have been engaged in equipping it
with machinery and appliances to facilitate rapid progress
in the construction of the cribs. Two cribs are to be put
together simultaneously, the total weight when com-
pleted to be 7,000 tons.

Plans call for cribs of reinforced concrete 1oo x 35 ft.
in plan, with walls 39 ft. high and floors 2 ft. in thickness.
In each there will be two longitudinal walls, 11 ft. 8 in.
~apart c. to c., and transverse bulkheads 1o ft. apart and
10 in. thick. Sea cocks will be provided in the floors for
the purpose of admitting water to sink the cribs after
they have been put afloat. :

Twenty cribs are required for Pier 3, 22 for Pier 2,
and 3 for the bulkhead between the piers.

The floors of the first two cribs have been constructed,
forms for concrete are in place, and concreting has made
extensive progress. It is expected that the pair will be
ready for launching in a few weeks.

Mr. John S. MacLachlan is engineer-in-charge for
the Government of this harbor work.

In the inner harbor, adjacent to the new Johnson
Street bridge, the Dominion Government has under con-
struction a wharf, which is to be completed by the erec-
tion of a new agency building for the offices of the De-
partment of Marine and Fisheries, on a similar design to
that of the building at St. John, N.B.  Work on the
building has been delayed by the indefiniteness of progress
in the construction of the bridge.

At William Head quarantine station, where the pas-
sengers of inbound overseas vessels are examined, much
needed alterations are being carried out.

For the Militia Department nearly $300,000 will be
expended on the new drill hall, occupy‘ing a s-ite on Bay
and Field Sts., and McBride Ave. This building is now
well on towards completion. The post office extension is
also advancing rapidly, and will complete an imposing
block in the heart of the city. 3

At Little Saanich mountain, near the city, an astx:o-
nomical observatory is soon to be l.)uilt to h.ouser a %73-in.
reflecting telescope, the largest of its kmd_ in the wox:ld.

The Provincial Government is completing the exten-
sions to the legislative buildings, which will, when com-
pleted, represent a total investment of nearl_y $3,000,000
in Parliament Square. Some of the extensions have al-
ready been occupied by the variou.s de‘partmen'ts. The
provincial goal, five miles out of Victoria, has just been
finished, and the Normal School for Vancouyer Is}and,
situated at Mount Tolmie, overlooking the city, will be

finished at the end of this year. Very large works are
overnment on the old Songhees

-contemplated by the g :
Indian F1)-eserve, which lies in. the heart of the city. The

Canadian Pacific Railway has constructed _its terminals
there, except the depot, while the Caflad.lan Noz.'thern
Pacific Railway also plans to erect for its island line, a
y e Canadian Pacific Rall.way struc-
ture, the two joined to the city by the new bridge and a
road through the reserve. To protect.the area.fr'om
- erosion the two governments are co-operating on building
‘4 revetment wall costing $150,000.

depot connected with th
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MAINTENANCE OF EARTH ROADS.*

By George W. Cooley,
State Highway Engineer of Minnesota.

the fundamental principles of road construction have _

been followed, i.e., that an ample drainage system has,

been provided, and that the sub-grade or foundation
has been built up without the use of perishable material.
Unless the road has been so primarily constructed, weak
spots will develop when the drainage is imperfect or
where sods or vegetable matter has been used in its con-
struction, and the cost of proper maintenance will become
excessive.

In the construction of a new earth road made in an
open level or rolling country, the use of an elevating
grader is quite common and under suitable conditions its
use is justified by economy in construction work, but its
value as a road builder is lessened if the too frequent re-
sult is obtained of casting the sods into the road bed, and
depending on the regular traffic to thoroughly consolidate
the mass so built up. This can be avoided by the use of
a tractor in hauling the grader, which thoroughly pul-
verizes and packs the material cast in by the grader.

We may safely take if for granted, then, that in any
road bed carelessly constructed with a large percentage
of vegetable matter, the future bills for repairs and main-
tenance will be governed largely by the quantity of un-
suitable construction material used, and in case of a lax
system of construction, a more elaborate system of main-
tenance must be adopted.

I quote the following from Mr. L. W. Page, director
of the office of public roads: ‘

Overtopping "all other road problems in its im-
portance is that of maintenance. The destructive agencies
of traffic and the elements are unceasing in their activities,
and it is idle to talk of permanent roads any more than
to speak of a house, a fence or railroad ties as permanent.

IN the consideration of this subject, it is presumed that

‘The public roads to-day, by reason of the exceptionally

obstructive traffic conditions, are more costly in construc-
tion and this cost is continually increasing with the ad-
vance in the prices of labor and material. It is criminally
wasteful, therefore, to invest large sums of public money
in building the highways demanded by traffic, unless the
investment is conserved by adequate maintenance.

We conclude, therefore, that continuous maintenance
being such an important factor in the general scheme,
especial effort must be made to install a satisfactory and
economical system as soon as a road is opened to travel.
In some of our western States, the plan has been sug-
gested of requiring contractors on surfaced roads to pro-
vide for maintenance as soon as any section is completed,
and continue the same for at least thirty days after the
work is accepted, thus giving time for the engineering
department to provide for the organization of a main-
tenance crew without overlapping or interfering with the
work of construction ; and in Minnesota the plan has been
adopted in the construction of earth roads to require the
continual use of a drag or planer on grade building. This
latter plan has been found very efficient and renders future
work on the surface less expensive, besides tending to
produce a more compact road bed. The tool found most
satisfactory in this work is that known as the ‘‘Minnesota
Road Planer,”” which consists of the two blades of an
ordinary road drag, fixed between a pair of runners about
14 feet long, the blades set at an angle of about sixty

*Read at Fourth American Road Congress, Atlanta,
Georgia, November 9-14, 1914.
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design of plates for more than one bolt, where the corners
could be rounded to increase the strength of the plate.

Two similar washers were tested, one with a rim
3/16 in. high and 3/16 in. wide around the edge, and one
without the rim. The tests showed an increase in strength
of 459% with an increase in weight of only 25% for the
addition of the rim. The bearing at the elastic limit was
92 Ibs. per sq. in. and the ultimate strength 1,050 lbs. per
sq. in., the break occurring radially. The design for this
washer is shown in Fig. a. Another test was made with
the rim moved in ¥ in. from the edge but no advantage
was discovered in the change and if ribs were used the
rim on the edge would serve as a brace for these.

A ribbed washer with a 1/16 in. plate, and a 3/8 in.
spool was found to stand a load of slightly less than 1,000
Ibs. per sq. in. Considering the thinness of the plate this
was remarkable. However, this washer was carefully
made in Sibley foundry and can not be fairly compared
to a similar commercially cast washer. While this design
for a 3 in. bolt weighs only 53 Ibs. per 100 and is con-
sequently economical, yet it is impractical to cast such a
thin plate and the design should not be considered for
commercial purposes. A similar washer with a I in.
plate and a % in. spool cast in a local foundry proved
about equally strong and much more practical.  The
weight of this design was 70 lbs. per 100.

An attempt was made to design a series of economical
washers by using the features of advantage found in the
above tests. Fig. b shows a soft wood washer for a % in.
bolt. A %4 in. bolt will hold safely 2,000 Ibs., the ultimate
strength being from 6,000 to 8,000 Ibs. The washer
broke at 7,400 lbs. and may therefore be considered as
‘an economical design since washer and bolt fail at about
the same load. The weight of these washers is 30 Ibs.
per 1oo while that for an Ogee washer for the same bolt
is 37.5 lbs., thus showing a saving of 25% in cost. The
wood was not stretched to its elastic limit so this design
may be considered a safe and economical one.

Fig. ¢ shows an economical design of a soft wood
washer for a 3{ in. bolt. Such a bolt will hold safely
4,600 Ibs., and on the first design with a 7% in. plate the
washer stood only 8,500 Ibs., which might be considered
sufficient if all washers were uniform but as a factor of
safety of at least four is desirable, it was thought ad-
visable to raise the thickness of the plate to 3/16 in.
This raises the weight from 63 to 75 lbs. per hundred but
the Ogee washer for this bolt weighs 100 Ibs. per 100,
so that a saving of over 30% is effected by the use of this
more economical design.

The tests for the 1-in. washers did not prove as satis-
factory as the others. However, from the results ob-
tained, it was considered- that a washer of the design
shown in Fig. d would be satisfactory. This design is
also for a soft wood washer.

Fig. e shows a design of washer for a J;-in. bolt for
hard wood. The washers were all in perfect condition at
the end of the test, the failure occuring in the wood at
7,800 Ibs. This washer weighs only 26 Ibs. per 1oo and
may be considered as both safe and economical.

A design of a hard wood washer for a 3-in. bolt is
shown in Fig. f. The plate has been increased 1/16 in.
in thickness over the one used in the test as that one did
not prove quite strong enough for all purposes. The de-
sign shown would hold from 15,000 to 18,000 Ibs. and as
the safe stress on the bolt is 4,600 Ibs. this is sufficiently
strong for all purposes. The washers used in the test
broke radially under a load of 1,820 Ibs. per sq. in, The
weight of the washer shown in the design is 50 lbs. per

Volume 27%.

100, which is 22 Ibs. lighter than the Ogee washer - for
the same bolt.

The results have shown that the present design is un-
economical, and for three common sizes of bolts, designs
for very economical and satisfactory washers have re-
sulted from the experiments.

Conclusions.—The three main conclusions arrived at
in the design of economical washers were :i—

1. For bolts of less than % in. in diameter no rein-
forcement of the washer is necessary; a flat plate large
enough to provide sufficient bearing area being all that is
required.

2. For each inch of diameter of the plate there shall
be 3/16 in. in height for the spool but no spool shall be
less than 3 in. in height.

3. For each inch of diameter of the plate there shall
be 1/16 in. in thickness for the spool but no spool shall
be less than 3/16 in. in thickness.

—_——-——————

PUBLIC WORKS ON THE PACIFIC COAST.

construction of the new 1,150-ft. drydock at

Lang’s Cove, Esquimalt, B.C., the Department of

Public Works of the Dominion Government has
under construction in the province improvements amount-
ing to $4,500,000. The Ogden Point breakwater, 2,530
ft. long, is under construction by Sir John Jackson
(Canada), Limited, and is to be finished in about I5
months. It will cost about $1,800,000. The government
has awarded a contract to the firms of Grant, Smith & Co.,
and McDonnell, Limited, for the construction of the first
two piers. One side of the pier, the nearest the break-

OVER and above the expenditure connected with the

" water, will be 1,000 ft. long. The other side, and the

sides of the adjoining pier will be 8oo feet each. The
width of the piers will be 250 ft. and they will be separated
by 300 ft. of water of a minimum depth of 35 ft. at low
tide. The piers will be of concrete cribbing filled in with
rubble. The time limit of the contract is March, 1916.
The amount of quarry run and rip-rap, which has been
deposited for the foundations of the breakwater, is 673,197
tons, and the pier contractors have dumped 148,241 tons
of similar material for levelling off a base for the cribs-
A total of 12,940 tons of granite blocks has so far been
laid by the breakwater contractors, and in connection with
the land excavations 54,847 tons cubic yards of earth
and rock have been removed.

The core of the breakwater has been built for the
entire length, 2,500 ft. The core consists of 233,611 tons
of small rock. The foundations on which the granite
blocks will be set have been completed to within 700 ft.
of the outer end of the breakwater. In connection Wit
this work 439,586 tons of rubble has been dumped. The
foundations are 20 feet below low water, and the rubble
deposited included rocks of weight from 200 pounds €
16 tons. These foundations have been levelled off on the
exposed side of the breakwater for a distance of 8oo ft:
from the shore. The granite blocks, weighing 15 tons
have been set in position by divers to a mark 500 ft. from
the shore end and to a point 5 ft. above low water. The
concrete superstructure has been prepared out 300 ft.
and the contractors are now finishing the first block of

this, which is 26 ft. in length.

Grant, Smith and McDonnell are concentrating all
their work on pier No. 2. The western side of the pier
is to have a length, as stated, of 1,000 ft. and rubble for
the foundation of this face has been dumped to give 4
depth of 34 ft. below low water. The last foot of the
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foundations is of very fine gravel in order to form a good
bed on which the cribs will rest. On the western face
of the pier, which is to be 8oo ft. in length, rubble has
been dumped for three-quarters of the distance. A portion
of the foundations on the eastern face is now ready for
the cribs. These cribs, each weighing 3,500 tons, are
being built on a floating drydock of 8,000 tons capacity,
which is now moored off the newly acquired quarry at
Royal Bay. Earlier in the year the drydock was chartered
from a Seattle corporation and during the past few months
a large force of men have been engaged in equipping it
with machinery and appliances to facilitate rapid progress
in the construction of the cribs. Two cribs are to be put
together simultaneously, the total weight when com-
pleted to be 7,000 tons.

Plans call for cribs of reinforced concrete 1oo x 35 ft.
in plan, with walls 39 ft. high and floors 2 ft. in thickness.
In each there will be two longitudinal walls, 11 ft. 8 in.
apart c. to c., and transverse bulkheads 10 ft. apart and
10 in. thick. Sea cocks will be provided in the floors for
the purpose of admitting water to sink the cribs after
they have been put afloat. :

Twenty cribs are required for Pier 3, 22 for Pier 2,
and 3 for the bulkhead between the piers.

The floors of the first two cribs have been constructed,
forms for concrete are in place, and concreting has made
extensive progress. It is expected that the pair will be
ready for launching in a few weeks. ]

Mr. John S. MacLachlan is engineer-in-charge for
the Government of this harbor work.

In the inner harbor, adjacent to the new Johnson
Street bridge, the Dominion Government has under con-
struction a wharf, which is to be completed by the erec-
tion of a new agency building for the offices of the De-
partment of Marine and Fisheries, on a similar design to
that of the building at St. John, N.B. ~ Work on the
building has been delayed by the indefiniteness of progress
in the construction of the bridge.

At William Head quarantine station, where the pas-
sengers of inbound overseas vessels are examined, much
needed alterations are being carried out. :

For the Militia Department nearly $300,000 will be
expended on the new drill hall, occupy'ing a s'ite on Bay
and Field Sts., and McBride Ave. This building is now
well on towards completion. The post office extension is
also advancing rapidly, and will complete an imposing
block in the heart of the city. 4

At Little Saanich mountain, near. the city, an astx_'o-
nomical observatory is soon to be built to h.ouse- a 73-in.
reflecting telescope, the largest of its kind in the world.

The Provincial Government is completing the exten-
sions to the legislative buildings, which will, when com-
pleted, represent a total investment of nearl.y $3,000,000
in Parliament Square. Some of the extensions have al-
ready been occupied by the variou.s de.partmen.ts. The
provincial goal, five miles out of Victoria, has just been
finished, and the Normal School for Vancouver Is.land,
situated at Mount Tolmie, overlooking the city, will be

finished at the end of this year. Very large works are
contemplated by the government on the old songhees
Indian reserve, which lies in the heart of th'e city. The
Canadian Pacific Railway has constructed its terminals
there, except the depot, while the Ca.nad.lan Nox-'thern
Pacific Railway also plans to erect for. its lsl.and line, a
depot connected with the Canadian Pacific Rall.way struc-
ture, the two joined to the city by the new bridge and a
road through the reserve. To protect the area from

- erosion the two governments are co-operating on building
‘4 revetment wall costing $150,000.
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MAINTENANCE OF EARTH ROADS.*

By George W. Cooley,
State Highway Engineer of Minnesota.

the fundamental principles of road construction have

been followed, i.e., that an ample drainage system has.

been provided, and that the sub-grade or foundation
has been built up without the use of perishable material.
Unless the road has been so primarily constructed, weak
spots will develop when the drainage is imperfect or
where sods or vegetable matter has been used in its con-
struction, and the cost of proper maintenance will become
excessive.

In the construction of a new earth road made in an
open level or rolling country, the use of an elevating
grader is quite common and under suitable conditions its
use is justified by economy in construction work, but its
value as a road builder is lessened if the too frequent re-
sult is obtained of casting the sods into the road bed, and
depending on the regular traffic to thoroughly consolidate
the mass so built up. This can be avoided by the use of
a tractor in hauling the grader, which thoroughly pul-
verizes and packs the material cast in by the grader.

We may safely take if for granted, then, that in any
road bed carelessly constructed with a large percentage
of vegetable matter, the future bills for repairs and main-
tenance will be governed largely by the quantity of un-
suitable construction material used, and in case of a lax
system of construction, a more elaborate system of main-
tenance must be adopted.

I quote the following from Mr. L. W. Page, director
of the office of public roads: .

Overtopping "all other road problems in its im-

IN the consideration of this subject, it is presumed that

" portance is that of maintenance. The destructive agencies

of traffic and the elements are unceasing in their activities,
and it is idle to talk of permanent roads any more than
to speak of a house, a fence or railroad ties as permanent.

‘The public roads to-day, by reason of the exceptionally

obstructive traffic conditions, are more costly in construc-
tion and this cost is continually increasing with the ad-
vance in the prices of labor and material. It is criminally
wasteful, therefore, to invest large sums of public money
in building the highways demanded by traffic, unless the
investment is conserved by adequate maintenance.

We conclude, therefore, that continuous maintenance
being such an important factor in the general scheme,
especial effort must be made to install a satisfactory and
economical system as soon as a road is opened to travel.
In some of our western States, the plan has been sug-
gested of requiring contractors on surfaced roads to pro-
vide for maintenance as soon as any section is completed,
and continue the same for at least thirty days after the
work is accepted, thus giving time for the engineering
department to provide for the organization of a main-
tenance crew without overlapping or interfering with the
work of construction; and in Minnesota the plan has been
adopted in the construction of earth roads to require the
continual use of a drag or planer on grade building. This
latter plan has been found very efficient and renders future
work on the surface less expensive, besides tending to
produce a more compact road bed. The tool found most
satisfactory in this work is that known as the ‘“Minnesota
Road Planer,”’” which consists of the two blades of an
ordinary road drag, fixed between a pair of runners about
14 feet long, the blades set at an angle of about sixty

*Read at Fourth American Road Congress, Atlanta,
Georgia, November 9-14, 1914.
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degrees to the runner and made rigid or adjustable as may
be deemed best. The planer is hauled on a line parallel
with the axis of the road and its operation is similar to
that of the ordinary drag, with the additional advantage
of making a smoother surface. The old style drag with

out runners has a tendency, especially on new work, to’

increase the ‘““waves’’ or undulations frequently occurring
on road construction, while the planer eliminates these
faults, and as a general maintenance tool has proven the
most satisfactory.

An important feature of maintenance is prevention of
the growth of sod and weeds along the travelled track.
When sod is allowed to form along the highway, it has
a tendency to catch the dust and wash from the road
surface, and soon becomes a high, tough shoulder, pre-
venting drainage. The use of a spring tooth harrow along
the roadside two or three times a year will prevent this
growth.

The State of Minnesota has given special attention to
the matter of maintenance and in the present road laws
has made adequate provision for the care of all roads.
Township and county roads constitute approximately go
per cent. of the road mileage of the State, and of these
roads, about go per cent. are earth roads. To care for
the town and county roads, a one mill tax is levied on all
property in the town, the proceeds of which constitute
the town dragging fund. This fund is expended under
the direction of an overseer, appointed by the town board,
for the purchase of drags, and in dragging all roads of
the town, excepting State roads. This appears to be the
most satisfactory method of caring for the earth roads
under control of the local authorities, but there should
be a provision in such cases for general supervision of the
work by the county highway engineer.

For the care of State roads in Minnesota, 20 per cent.
of the State road funds, with a due proportion of county
funds, are set aside and may not be used for any other
purpose than maintenance of State roads. As the State
roads include all types of construction, different systems
of maintenance have been required in the different locali-
ties. In general, three systems have been established :
The patrol system on macadam and well built gravel
roads, and the maintenance section system, and road
drag system on other roads, all being under the direct
supervision of the district highway engineer.

Under the patrol system, one man is assigned a sec-
tion of from 5 to 7 miles of road and works with hand
tools. It has been found necessary to supplement this
work with the occasional use of a team and in that man-
ner it has proven satisfactory on macadam and gravel
roads.

Undér the maintenance section system, one man is
given charge of a section of from 2o to 30 miles of road
and is employed continuously with his team on the care
of his section. He is given authority to employ additional
help, both teams and men, and usually has two teams and
four or five men at work. Contracts are also entered into
by the section foreman with residents along the road, for
the dragging of same after each rain, or when ordered to
do so by him. The section crew takes care of all minor
items of construction, such as placing culverts, etc., and
we have found that the work when properly done, is really
of a constructive nature. This system is without doubt
the most effective, and is being adopted generally through-
out the State.

The dragging system requires the employment of a
superintendent of maintenance, who for convenience
should be one of the engineer’s assistants, whose duty is
to contract or make arrangements for the draggine of all
roads under his charge, and to see that the work is dore
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at proper times. This system is suitable for slightly un-
dulating prairie country, where most of the roads are of
earth, and to get best results, the superintendent should
have at his disposal light graders to re-shape the road bed
at least at the beginning of each season.

On earth or gravel roads, no maintenance system is
complete which does not contemplate the use of planers
or similar devices, and a combination of work as outlined
under the section system is recommended.

—eeel-

SUMMARY OF TUNNELING PRACTICE.
THE following has been adopted by the American

Railway Engineering Association in accordance
with the findings of its Committee on Roadway
with respect to methods of tunnel construction.

Tunnel Construction.—Railway tunnels, as ordinarily
constructed, are more economically built by driving the
heading entirely through, first, but such method usually
requires a greater length of time for completion of the
tunnel.

For material requiring support, the top heading
should usually be driven.

It is economical and expedient to use an electric
shovel or an air-shovel, for the removal of the bench
where the section of the tunnel permits the safe operation
of the same ; and where the material does not require sup-
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Fig. 1.—Construction in Hard Rock
With Few Seams.

port there are advantages in low cost
and quick removal of the bench in driv-
ing the heading at the sub-grade line.
Where the time limit is of value,
the heading and bench should be exca- -
vated at the same time, the heading be-
ing kept about 5o ft. in advance of the
bench. Where the material of the roof
is not self-supporting and timbering is to
be resorted to, the bench should not be
removed until the wall-plates are laid and
the arch ribs (or centering) safely put up-

Opposing grades should preferably
not meet between the portals of a tunnel,
so as to put a summit in the tunnel, and
where practicable the alinement and
ascending grades in the tunnel should
be in the same direction as the prevail-
ing winds.

Figs. 1, 2 and 3 are representative of American
practice in single-track tunnel construction, where the
time limit is of value. Fig. 1 relates to tunnel construc-
tion in hard rock with few seams.

Heading in material of this kind is usually driven by
a “V” cut, using from 16 to 22 holes about 8 ft. deep:

" The holes near the middle of the heading are drilled so as

to nearly meet at the end. These holes are the first row
shot, then the second row and outside holes last. The
arrangement of these holes will vary slightly according
to the way the material breaks. ]
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Bench in hard material of this kind is usually takemn
out in two lifts of almost equal weight. Sub-bench is
drilled from 20 to 4o ft. in advance of the bench. From
4 to 8 holes in a row, with about 6 to 8 ft. face, are used
in both sub-bench and bench. One or two rows of holes
may be used. Centre holes are shot first, round and side
holes last.

In Fig. 2 the method of construction in moderately
hard rock with seam, is illustrated. Heading in material
of this kind is usually driven by a ‘““hammer cut,”’ using
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Fig. 2.—Construction in Moderately
Hard Rock With Seams.

from 14 to 20 holes 6 to 10 ft. deep.
The bottom row of holes is inclined at
about an angle of 30 degrees. The
bottom row is shot first and each row
shown in succession. These holes should
be arranged to suit the seams in the
material.

Bench in material of this kind is
usually taken out in two lifts, but the
sub-bench is not as deep as the bench.
Sub-bench is best drilled from 20 to 40
ft. in advance of the bench. From 4 to
6 holes in a row may be used with 6 to
1o ft. face. The bench is sometimes
taken out in one lift. Centre holes are
shot first, round and side holes later.

. TOPHEADING BY SI0E ORIFTING FOR WALL PLATES
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Fig. 3.—Construction in Soft Rock or
Hard Clay.

~The method of tunnel construction in
soft rock or hard clay is shown in Fig. 3.

This method is only used when ma-
terial is so soft that heading cannot be
driven for full length of timber used for
wall plate. Drifts about 4 ft. wide and
6 ft. high are driven for each wall plate,
and then core is taken out as timber
rings are put in. Three or four holes
may be used from 3 to 5 ft. deep in each
R ale s drift. The amount of shooting necessary
depends entirely upon the softness of the
material. It can often be picked. The
core may be soft enough to pick, or may
he shot with from 4 to 8 holes, either
drilled from face as shown or from sides
of drifts.

Bench in this class of material is
shot in one or two lifts. Very few holes
are necessary.

Dl . .
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Coast to Coast

Vancouver, B.C.—The new $300,000 immigration build-
ing is now under construction. Messrs. Snider Brothers and
Brethour are the contractors.

South Vancouver, B.C.—A number of water mains will
necessarily be lowered in the near future, owing to grading.
operations now being carried on by the city and adjoining
municipalities. :

Peterborough, Oont.—The new line of the Grand Trunk
Railway between Belleville and Lindsay has progressed
so rapidly that steel now extends over half way between Belle-
ville and Peterborough. It is probable that this portion of
the line will be completed before the end of the year.

Ottawa, Ont.—On the Hudson Bay Railway steel has now
been laid on 180 miles of the total 420 miles to Port Nelson.
Grading has been completed on 325 miles. Construction work
this season has been handicapped by bad weather, but it is
expected that the close of next year will see the steel laid
completely to tide water.

Cobalt, Ont.—The new high-grade vein on the Savage
property is estimated to average between 7,000 and 8,000
ounces to the ton over an average width of 4 inches. It was
located at the r4o-ft, level, and has been proven for a depth
of 55 ft. This vein was encountered in the cross-cut driving
through virgin territory from the 14o-ft. level.

Chatham, Ont.—Civic improvements this year have been
extensive. The programme in the matter of sidewalks was
completed last week. Three reinforced concrete pavements
and a bitulithic pavement have been laid in addition to numer-
ous other pavement improvements. The sewerage programme
will have been completed by the end of the week.

Montreal, Que,—To the Home Guard has recently been
added a company of 250 men from the Canadian Pacific Rail-
way Co., arms and equipment being supplied by the com-
pany. Half of the number is being enrolled from the Angus
shops and the other half from the Windsor and Place Viger
stations. It is intended that miniature rifle ranges will be
established at Angus and Windsor station.

Toronto, Ont.—Good progress has been made by the
city on the large trunk sewers in Ward 7. The work has been
handicapped on both the Woodville Avenue and Humberside
Avenue conduits by the intrusion of water, but steam pumps
have been constantly in commission, and the work has pro-
ceeded without interruption. Both are rapidly nearing com-
pletion.

Regina, Sask.—The new Regina jail, a 3-story building
of brick and reinforced concrete, has been completed. Tt is
six miles from the citv. Power is supplied by two semi-
Deisel engines with direct-connected generators. This power
is used for lighting, ventilating, water supply, laundry, while
a motor is also used for operating the septic tanks at the
sewage disposal works.

Fort Ceorge, B.C.—The Pacific Great Eastern Railway
has now a force of nearly 7,000 men along its route between
Squamish and this citv, and it is expected that the entire
route will be oraded before the close of the vear. Track will
extend to Lillooet by the end of Tanuary, and it is hoped,
to Clinton, by June. The entire line should be completed
from tide water to Fort George bv the close of next season.

‘ Vancouver, B.C.—Traffic to the coast by way of the
Krttle Valley Railway will likely be accommodated next
summer. The Kootenay Central Railway is also well on the
way to completion, the swing bridge over the Columbia
River, near Lake Windermere, having recently been put into

-
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position. Construction on this line has been carried on
northwards from the Crow’s Nest line and southwards from
Golden, and the two sections will meet at the Columbia
River bridge.

Toronto, ont.—Owing to the present unsettled condi-
tions, it is a question whether the next session of the Pro-
vincial Legislature will draft an extensive programme of
construction in the matter of highway improvements 1n On-
tario. During the past season much work has been done by
the Public Roads and Highways Commission by way of in-
vestigation, compilation of statistics, traffic census, etc.,
and, under normal conditions, legislation should shortly be
introduced, providing the necessary machinery for carrying
the policy into effect.

viking, Alta.—Natural gas has been struck near Viking,
Alta., on the Grand Trunk Pacific Railway. The well has
been bored for the city of Edmonton, and the gas will be
piped to Alberta’s capital, eighty-two miles distant. The
well is 2,340 feet in depth, and is making 9,350,000 cubic feet
per day. This well is only exceeded in size of flow on the
continent by the one at Bow Island. It is stated that two
wells of this capacity would supply all the power, light and
heat required in the city of Edmonton.

THE ROYAL ASTRONOMICAL SOCIETY OF
CANADA.

On December 1st a large attendance of the membership
of the Society heard Mr. J. S. Plaskett, D.Sc., of the Do-
minion Observatory, who delivered an illustrated address
descriptive of the new telescope now under construction for
the observatory at Victoria, B.C.

At its next meeting, on December 15th, the Society will
be addressed by Prof. L. B. Stewart, University of Toronto,
on “Experiences on Surveyving and Exploring Expeditions.”
The address will be illustrated. Mr. A. F. Miller is secretary
of the Society, whose offices are at 189 College Street,
Toronto.

——

PERSONAL.

R. S. BUCK, chief engineer of the Dominion Bridge
Co., Montreal, has been appointed maintenance-of-way en-
gineer for the New York Railway.

JAS. SHIELDS. consulting electrical contractor, has
been chosen by the Toronto Hyvdro-Electric System as in-
spector of city wiring.

J. L. HARRINGTON, consulting bridge engineer of
Kansas City, addressed the Victoria branch of the Canadian
Society of Civil Engineers at its recent meeting on modern
bridge construction,

GEO. GAUTH'ER, assistant superintendent of the Mont-
real Light, Heat and Power Co., was seriously burned by
a short circuit at one of the plants of the Shawinigan Water
and Power Co. last week. -

A F. STEWART, chairman of the Toronto branch of
the Canadian Society of Civil Engineers, delivered an illus-
trated address to the members of the Branch at a meeting
on November 26th. His subject was Bridges Destroved
during the South African War.”

D. C. COLEMAN, of Calgary, general superintendent
of the Alberta division of the C.P.R., will, it is reported,
succeed Mr. Grant Hall as general manager of Western
lines, the latter advancing .to the vice-presidency vacated by
Mr. George Bury, when Mr. Bury moves up to succeed Mr.
McNicoll.
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OBITUARY.

The death occurred last week of Mr. John H Housser,
secretary and one of the directors of the Massey-Harris Co.,
Toronto. Mr. Housser was connected with the firm for 42
years.

The death occurred in Montreal last week of Mr. R. C.
Hadley, of the engineering staff of the George A. Fuller
Contracting Co.

It has been announced that Mr. Fred. C. Robertson,
inspector of C.P.R. Telegraphs for Ontario, died on No-
vember 20th at Port Hope.

The death occurred last week of Mr. A. E. Wilkinson,
traffic superintendent of the Intercolonial Railway in Nova
Scotia. Mr. Wilkinson was in his 4sth year, and was 2
native of New Brunswick.

—_—

NEW G.T.R. BRIDGE AT PRINCE GEORGE, B.C.

The vertical lift-bridge over the Fraser River at Prince
George, B.C., was opened last week to permit the passage
of steamers. The lift-span is 100 ft. in length, and is elec-
trically operated, assisted by concrete counter weights.
When raised, it is 150 ft. above the river. The entire bridge
is one of the longest steel bridges in the Dominion, being
2,684 ft. between abutments. There are twelve spans, €X-
cluding the lift portion. The structure rests on 14 concrete
piers, and provides accommodation for two 12-ft. roadways
and a 10-ft. railway right-of-way:

—_————

COMING MEETINGS.

ANNUAL MEETING, AMERICAN SOCIETY OF ME-
CHANICAL ENGINEERS.—The annual meeting of the
American Society of Mechanical Engineers will be held in
New York, December 1st to 4th, 1914. Secretary, Calvin W.
Rice, 20 West 30th Street, New York.

AMERICAN ROAD BUILDERS ASSOCIATION.--
Eleventh Annual Convention; fifth American Good Roads
Congress, and 6th Annual Exhibition of Machinery and Ma-
terials. International Amphitheatre, Chicago, Ill., Decem-
ber 14th to 18th, 1914. Secretary, E. L. Powers, 150 Nassau
Street, New York, N.Y.

CANADIAN NATIONAL CLAY PRODUCTS ASSOCTIA-
TION.—Annual Convention to be held at the King Edward
Hotel in Toronto, January 26, 27, and 28, 1915. Secretary, G-
C. Keith, 32 Colborne Street, Toronto.

EIGHTH CHICAGO CEMENT SHOW.—To be held in
the Coliseum, Chicago, Ill., from February 1oth to 17th,
1915. Cement Products Exhibition Co., J. P. Beck, (zeneral
Manager, 208 La Salle Street. Chicago.

AMERICAN WATERWORKS ASSOCIATION. — The
35th annual convention, to be held in Cincinnati, Ohio, May
toth to 14th, 1915. Secretary, J. M. Diven, 47 State Street,
Troy, N.Y.

SOCIETY FOR THE PROMOTION OF ENGINEER-
ING EDUCATION.—Annual meeting to be held at the Towa
State College, Ames, Towa, June 2ond to 2s5th, 10915. Secre-
tary, F. L. Bishop, University of Pittsburgh, Pittsburgh, Pa.

—_——-———

Officers of University of New Brunswick Engineering So-
ciety :—The Engineering Society at the University of New
Brunswick elected their officers, recently, as follows :—Honor-
ary president, Mr. Wallace Broad, St. Andrews; president,
Prof. J. A. Stiles; first vice-president, Mr. E. McL. Balkam ;
second vice-president, Mr. J. P. Mooney ; treasurer, Mr. J. D.
Hickman : secretary, Mr. A. C. Edgecombe.
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