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Discharge and Mean

a degree
Fig. 1.—Daily

Prov ralual3le characteristics may be measured to data
t0 fJ mathematical limits within w n vajue cf
an . rfn the basis of the proposed design. . ,jcs and 

1 exhaustive study of these physical charact :
i-AisCî"SeS’ " ^ empbaSiZ€d byd1torfge^nvestiga- 
tion recent report on the power and s & made 
by Uj0f the Bow River. These investigations 
iny him under the direction of Mr. J. B. Chalhes, 
of ]nn €nt of Water Powers in the Dominion. „anch has 
aCcriSt Week the work which the Water Pow River5STPlished °» the water resources of ***££& 

lr> was chiefly outlined. The following notes P 
ete^ological phenomena are from the above repor

he importance of a study of preC’P'i!a< emphasized 
°n with the flow of streams cannot. be V direct 
anHh ’ its mfluence on stream flow is cjuS;on is

reachoad’, W’thout stud the erroneous ^ run.
off j .that the relatio between Prec.lpl ' study of the 

a simple one. A little time spent in the

the;r

°ne

Temperature, Bow River,

from the standpoint of power productionof the streams 
can be placed upon a more satisfactory basis. In the 
West run-off data have been collected for a very short 
term of years, and only during the last three has a con
tinuous record of the discharge been kept; thus the im- 
ortance of a general relationship between recorded pre

cipitation and run-off is all the more apparent.
The distribution of rainfall in any district or part of 

is not uniform. The records throughoutthe country , ,
Canada generally, except in the eastern provinces, do
ot extend over a sufficiently long period, nor are the 

"rations widely enough scattered to define areas in which 
certain amounts of rainfall may be expected. In the 
West an examination of the available records seems to 
• rf a’te a general conformation to conditions found to 

IC . jj ;n the United States ; that is, that the lines of 
eauaTrainfall are generally north and south, or roughly 

A f the mountain ranges. There are, of course,
due to local influences.

parallel to 
divergences
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reveals the fallacy of this assumption, forquestion
the relationship is anything but simple, being influenced 
by a great many physical features of a rather indeter
minate nature.

The collection of precipitation data all over the 
country has been carried on for a comparatively long term 
of years, whereas data regarding the run-off of streams 

If, therefore, some general relation

soonHE various relations which exist between precipita
tion, altitude, run-off, temperature, evaporation, 
etc., make the study of stream flow exceedingly 
complex. While the influence of each is not m an 

cases a direct one it is frequently of such magm u e 
tlat to regard it lightly leads to inaccuracies o senou 
aature. In hydro-electric development work all facto 
‘nfluencing the discharge of the river or stream deman 
c osest investigation over a period of years in 01 er

T
rather meagre, 
be established between rainfall and run-off, the study
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Fig. 2.—Daily Discharge (at Horseshoe Falls) and Mean 
Temperature (at Banff, Alta.), Bow River.

They then pass pver a stretch of low-lying land, deposit
ing but little moisture 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 o 
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. Thenumber 
of conditions contributing are so great and variab e t a, 

detailed study of the rainfall in thefor special purposes, a 
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 Binme has given this

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 ol 
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 on the continent.

question careful consideration in a paper published in tie 
proceedings of the Institution of Civil lingineeis ( 0 ' 
109, pages 89 to 172). He reached the conclusion tha 
for records extending over a period of 25 years, the mean 
obtained wobld be within 2 per cent, of the true mean- 
The conclusions reached by Mr. Rafter in a discussion ot 
this paper were : that, for a period of 5 to 10 years, the 
probable extreme difference from the mean would be 13 
per cent., and of 10 to 15 years, 4-75 per cent, 
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 1 
adopted. It is to be noted, however, that the placing of the 
recording instruments can have a very great influence upon 
the accuracy of the records. 1 o arrive at the average pre 
cipitation upon a district, it is necessary that as 
records as possible in the area to be considered should Wj 
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 da a 
would be attained if the stations were uniformly distri
buted over the territory, or placed along each branch 0 
the stream of which the relation between run-off and pre
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 m dj' 
ferent districts. For instance, there is a similarity in tr 
distribution in the different localities along the Pad 
coast ; the same may be said of the territory to the ea 
of the Rockies, while that portion around the Great Lake 
has its typical distribution.

Tables showing the fluctuation in the annual precipi
tation recorded at Banff and Calgary have been prepare 
At Banff, the records are available at intervals from 
to 1896, from which year they are continuous to date^ 
during that period, the maximum precipitation occyrre 
in 1902, 30.59 inches being recorded, and the minima 
was 10.33 inches in 1903. The mean yearly precipitate 
for twenty years is 19.13 inches. At Calgary, the recor 
are available from 1885 to date, during which interval 1 
lowest recorded annual precipitation occurred in 
7.91 inches being the amount ; and in 1902, the maxima 
precipitation occurred, 34.57 inches being recorded. ,g 
mean yearly precipitation over the period of 27 years 
16.10 inches.

Other

Owing to the scattered location of the recording s 
tions in the district—at Banff, Calgary, and Jump»?* 
Pound (from the latter, only partial records are availaj ^ 
—they do not truly represent the conditions obtaining
the basin. ... in-

As has been mentioned before, the precipitation ^ 
creases in this locality with the altitude. 1 he altitude ^ 
the station at Calgary is approximately 3,400, tha_ 
Jumping Pound about 4,200, and at Banff 4.525 
and an examination of the records will show a gre 
precipitation at Banff and Jumping Pound than at ^ 
gary, that recorded at Banff being the heaviest ot 
three. The sources of the Bow River and its tributa 
are at much greater altitude than is the gauging 5 ^
at Banff; in fact the greater part of _ the drainage a 
above Kananaskis Falls lies above this altitude, s°

representative of the

feet.

the stations are by no means 
part of the drainage basin.

h
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Relation of Precipitation to Run>ofi. If the rec°rd® 
°f precipitation are compared with those of the îun-o 
the basin, it will be found that the recorded run-off ex
ceeds the precipitation as recorded at Banlt, by as muc 
as 25 per cent. This condition is by no means uncommon 
for mountain districts. Mr. John R. Freeman, in his re
port on the Hetch Hetchy water supply for San Francisco, 
says:—

“In regard to the excess of run-off over precipitation, 
the fact that depth of run-off exceeded depth of rainfall 
at outlet simply proves that the average precipitation tor 
the catchment as a whole was far greater than at t is 
comparatively sheltered spot of lower altitude at the out
let of the valley.”

This condition holds in the Bow basin, and em- 
stations for the recording of

In this paper Mr. Rafter had made a careful analysis of 
the available data, and he reached the conclusion that no 
definite relation exists between evaporation and tempera
ture, but that the influence is a constant one, and cannot 
be disregarded.

Influence of Temperature on Discharge.—There is no 
other single condition which plays such a vital part, or 
has such a direct influence upon the discharge of the rivers 
of the district as temperature. A diagram (Fig. 1) has 
been prepared, showing graphically this relationship—the 
daily discharges of the Bow River at Banff have been 
plotted continuously, and on top of this has been plotted 
the mean daily temperature as recorded at Banff from 
April, 1910, to December, 1912. Another diagram (Fig. 
2) has been prepared for the period November 6, 1912, to 
March 6, 1913, showing the mean daily discharge for the 
Bow River at Horseshoe Falls, and the mean daily tem- 

recorded at Banff.

on

Phasizes the need of 
Precipitation.

On account of the short period 
^n-off data are available, and the few Pr<*,P‘fa.tl™T*‘ 
eording stations in the catchment area, no dehna rela- 
h°n can be established between run-off and prccip ■
The only conclusion that can be arrived at from a study
of these data is that for the water years. to the
*911, the mean precipitation has been near y 9 ag
mean yearly precipitation for the last six een y > 
forded at Banff I, is fair, therefore, to assume ttot 

run-off during the same years represen app 
mean run-off conditions during a like perio . .
Division of the Year .-In considering thes rdattw. o_ 

Precipitation to run-off, a period known as a water yea^ 
‘s made use of, instead of the calendar year. tend;ng
°r the Bow Basin district may be assumed as extend^

from October i until September 30. [or pra J October
Water is obtained from the mountains, and d ^
I, °n> the precipitation in the form o snow f0How-
he mountains to be held until the warm sun of f 
nS early summer releases it, to form the sum 

Wh*ch occur during May, June and July.
Temperature-Temperature in the Bow R^er dra -

Z area is one Of the great factors f arge of the river. In the upper part of the 
rea there is not a month in the year in w n 

"ot be expected. The range of temperature s great 
dnge of mean temperature at Banff is rom 5 çaigary, 

in January, or 43°- of difference; at Cjlga y,
range of mean temperature «/«m 7 ^ aximu

and nv .January> or a range of ” "4’ d these. Fro 
minimum temperature greatly e . higher

®se two records it will be seen that the onc ‘ — pjgher
alt'!Ude registered the lowest temperature. wilj be
e ‘ udes it is to be expected that low temp conditions 
Entered, and that the period during which^co ^ ^ 
lex t€mperature obtain will be longer . j ^ ;s low, con6'-; The records are taken at an altitude vvhich^ ^ g

Who,'derinf the drainage area °f * £ conditions in the
UDn„ ’ and hence do not represent t y ;ve, how.
ever r pnrf the valley of that river. found and,
Un ’ an indication of the conditions regard to
•the1) Study’ reveaI some interesting facts w of the
rivCr>Car‘nS °f temperature upon the

more
perature as

A study of these diagrams will reveal how direct is 
the influence of temperature upon the discharge of the 
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 permanently 
covered, the snow has nearly all been melted during June 
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- 

stage of the river, which corresponds to the period

which completeover

water
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 

of the river but also the actual flow in thethe source 
river itself.

PORT ARTHUR WATER SUPPLY.

The new water supply for the city of Port Arthur, 
Ont was turned on last week. The installation includes 
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 

i‘s conveyed bV 12-inch pipes to the city mains. The 24- 
inch pipes provide for ample extension of the distribution 
mC future needs may require.system as

The system is equipped with a chlorinating plant. 
As to the quality of the water, the provincial board of 

S it to be free from bacteria, and in everyhealth reports
satisfactory.
The total cost of the work has been $585,000. It was 

divided into a number of contracts, the chief of which 
awarded to the Thunder Bay Construction Co. This 

W ntract included the construction of the pumping station, 
the laying of the intake, and the driving of a 530-ft. 
tunnel through rock between the pumping site and
the lake.

way

PerJnfluence Upon Evaporation.—'The ‘"^"^nt and 
u'Ure upon evaporation is one whi nr) relation has
been Stak:ib.Ie> but is one f°r whicb’ 50 'T-’ available for a 
stna established. Sufficient data are n passing itsè!dy <* the question in the district, but in^ ^ ^ 
re~ s Wed to note the work that has ) Daper by Mr. 
Rafi and which 's well summed UP ‘n , 1^,1 Survey. 

fter- Published by the United States Geolog

work has been executed under the supervision 
of Mr L. M. Jones, city engineer.
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f N the modern sense the waterworks of a city includes 
the source of supply and the equipment require o 

1 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 m 1850. 
Since that date, however, the installation of public water 
supplies has been general and it is estimated that at t 
present time there are fully 6,000 public water supplies 
Prior to the invention of pumping machinery o g
water the development of water supplies was practical y 
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 i8th 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- 

was given to the quality of the supply. It was 
that serious consideration was given tc

wasnot until 1829 ----- , . . cu „
the quality of the water. In that year the first filter 
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 

, caused by a specific organism 
This marked the beginning of the use of

water

transtyphoid fever was
mitted in sewage. ----- . - f
filters as a sanitary precaution in the improvement of 
supplies, although definite proof of the existence of tte 
typhoid germ was not secured until 1880 and 1881. 1 e
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 '^estimated 
that there are 35° municipalities m the United States 
utilizing mechanical or rapid sand filters to purify the 
water supplies. The slow sand filters have not met with 
such favor in this country due no doubt to the fact tha 
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
‘ ' the sur-all water is the rainfall which precipitates upon 

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 . 
support of plant life The portions in which we are in
terested for water s pply purposes comprise that which 
percolates into the soil, becoming a source of ground 
water supplies, and that which passes off into the streams, 

of surface water supplies.becoming a source
Conference of Health Officers, Ohio*Read before 

State Board of Health.
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WATER SUPPLY FOR CITIES—SOME 
GENERAL CONSIDERATIONS.*

PUBLIC

By W. H. Dittoe,
Chief Engineer, Ohio State Board of Health.
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of wells ! 
the ele-

Ground water may be obtained by means 
springs, or collecting galleries. Depending upon 
vation of the ground water with relation to the surface 
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 sulphur 
compounds. In general, ground waters are less desi 
able than surface supplies, judged from their minera 
characteristics.

Surface water supplies are derived from streams, 
lakes or reservoirs. With lakes or large rivers it 
unnecessary to provide storage of raw water for a c°n 
tinuous supply for the pumps. With small rivers an 
creeks, however, it is frequently necessary to construe 
impounding reservoirs to store a sufficient portion of 
excess flow of the stream to serve during dry weathe • 
The quality of surface water supplies is dependent upo

important of which is
Theo-numerous factors, the most

density of population upon the drainage area, 
retically every dwelling on the drainage area contri u. 
to the pollution of the stream. The degree of pollu»^ 
is, therefore, determined by the population. It is, 
course, possible to reduce the extent of pollution by Pr0P 
disposal of sewage. Regardless of the treatment of se 

however, it is generally conceded that no sur ‘
which is populate^

lated

age,
supply collected from a catchment 
is safe for drinking purposes without purification, 
is particularly true in Ohio and in other densely popu 
localities where the streams are almost universally us

area

cd

as carriers of sewage-
Conditions Governing Choice 

Supply.—Statistics of public water supplies of 
States show that a large percentage of the supplies , 
obtained from ground water sources. Practically a 
the villages and small cities of Ohio obtain their SUPP u„ 
from wells, springs or collecting galleries. As the P°Pj 
lation increases, however, it is found that the gro ^ 
water supplies will not furnish a sufficient quanti 
water. Of the cities in Ohio with populations of jS> 
or more, five obtain their supplies from wells and » 
are provided with water supplies of surface origin- ^ 
of the well supplies are inadequate and two of themtt)at 
supplemented by surface water. The indications are ^ ^ 
unless unusually favorable conditions are encountere ^ 
city of more than 25,000 population must depend up 
surface source of water supply. In any case t e ^ 
serious consideration must be given to the questio

of Source of Wa

quantity in determining the choice of a ground
source of water supply. . Oo-

It may be stated generally that the fundamental
dition governing the choice of the water supply 15 o 
quantity available. It is obviously unwise to de\e .j0p 
source of supply which within the life of the msta - ^ 
will fail to furnish a sufficient amount of water. 1 ^ 
termining upon the quantity available assumptions 
be made to estimate the growth of the city and tr t 
creased use of water. The quantity thus determined 
be supplied during the most extreme dry weathei ^ t0 
tions which can be anticipated. It is not enou^ 
supply a sufficient quantity of water for 350 days ^0ft 
year and meet a deficiency during the remaining 
period

or s

ality
Of almost equal importance to the question of flu‘ f0- 

is the quality of the supply. Having two suppl'e

P

■



stated, the slow 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 
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 

It fills the voids of the filtering material and stands 
depth 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 0.4 foot per hour, corre
sponding to 69 gallons per day per square foot of area or 
,,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 

filter differs from the slow sand filter in the pre
well as in the rate of

one acre

filter, 
to a 
sand.

sand
liminary treatment of the 
filtration.

water as

thir;^id,x —
^r^atr'sùppTy^fSomervme^New Jersey. For .he first 
fifteen years h was principally used in the treatment of 
wa!er supplies for industrial use, such as paper mills and 

industries. In 1902 the first large municipal rapid
sand filter plant was constructed for the East Jersey Water 
sa . T i_ Folic New Jersey. Since that lime
£Tvelopament of rapid’sand filters in the United States 
has been very important. Among the largest p ants m 

e country may be mentioned those at Cincinnati, New 
^e. c Louisville, Columbus, Toledo, Harrisburg, 
Oileans, Grand Rapids. The cities of Cleveland
ÏÏTuiis are now constructing plants of the rapid

sand type.
The rapid sand titer plant differs from the slow sand 

, . resoects. With the use of a rapid sand
plant in many P . preliminary treatment by

filters. The ^ current of filtered water passed up-
sand removing the layer or silt and 

the surface. This differs from the 
sand filter, which is usually accom- 

means.

a reverseplished by 
ward through the

collected atcoagulant
cleaning of a slow . -
pHshed manually or by mechanical.

The principal features of a rapid sand filter plant

mentation ^ ^ watcr js received through the in-
thv C etovated to the primary sedimentation basins by the 
low lift Pumps, and from this point passes by gravity 
through the plant

Primary . .
[oufvilelapiaen?rhnalèeia0rge basins where the water is 

1 -1 to settle for several days before it is passed
ZZZ* the purification plant proper. The use of primary 
sedimentation basins is not always required.

are

to the clear well, 
sedimentation is required for turbid water 

Thus the Cincinnati and

Posed equal as regards quantity available, the quality 
consideration will determine the selection. lrou es 
associated with poor quality are not confined to surface 
water supplies but are also experienced in water from 
ground sources. With the established modern methods 
°f Water purification it is probably true that improvement 
°f the quality of surface water supplies is more easi y 
accomplished than is the improvement of quality of an 
°bjectionable ground water supply. In the consideration 
of quality it is well to give attention to the value of pure 
^ater. It has been shown that improvement of the 
hygienic quality of the water supply fully repays . 
munity in many ways for the expenditure incurred in me 
establishment of a water purification plant. The saving 
°f lives and reduction of morbidity from typhoid fever 
3 one will reduce the expenditures of the citizens o e 
community to such an extent as to repay within a ew 
years the financial outlay for a plant. . . .
shown that the city of Columbus has saved for its citizens 
°ver $500,000 per year since its water purification p an 
*as established. Cincinnati has saved for its citizens

1 >75°,000 per year by purifying its water supp y• n \^e
banner it ca be shown that it is economical to provide 
a s°ft water upply for a city even at a greater expense 
than would be incurred in the development of water

the com-

Thus it can be

stan-

hyF-S Pl,rity of a water
this en’

Pure

require lu<u j _
be satisfactory Using 

water supply is an 'JCC<w an an im 
to a

c and chemical 
standard a pure
water supply an expense

Another consideration to be given . if
SOl*rce of water supply is the cost of its development 
frequently happens however, that a source of supply 
csting more to devei0p is the more econom .

^will readily be seen that a supply cheaply deve oped
*hlch does not furnish an adequate quantity is really an
^pensive selection. It is well to keep m mind hat the 

st of development is purely relative, an 
facial limits of a community consideration of cost must

subservient to those of quantity and qua 1 y-
Purification of Water.—Having decided upon 

qu°vme.nt of a water supply which is not o t0
nrallty *n 'ts raw state, some means mus e p 
fro dllCe a water of good quality. If the water is obm ned 

,°m wells it may require aeration, softening and *«> 
removal. Tb JLil of water is expensive m propm-

supplies
however,

community.
in selecting a

ical selection.

the de-

tio"to the o ginal hardness- Few attempts 
in this country to soften well water 

W«n1Clpalities- Aeration and iron removal are, e
recognized methods of water treatmen ^ have 

ahn qua.lity °f ground water supplies. n 0hiection- 
abl U- S'X P,ants for the purpose of reducing

6 lmn content. . v be
bro, Tuhe Purification of a surface water supp >methodSi 
Uam a^out by one or both of two gen ■ stor
age C y’ nitration and disinfection. Purl ca an efficient 
ntn and sedimentation has been advanced < yies but 
thus"® °f correcting the pollution of wate J? oVes
the > has gained little recognition. Filtration
q Physical quality of the water as well a q an;sms 
but V" disinfection removes the pathoge jt wm,
themr065 not affect the appearance of the w ^ ^ only
treat °re’ he seen that the field of dism ec ^ physical
quai;?1ent is confined to water supplies o g filtering 
».£>’• Jherc are two well-known n«thoy,led ^ 
Sana c, The hrst and older process is thod, is the
so-cf,,1 ter and the other, a more modern A has been 

Called rapid sand or mechanical filter. As

the
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What Filtration Accomplishes.—The filtration of a 
public water supply accomplishes beneficial re su ts vv u 
can be with difficulty measured. The apparent result, 
which is appreciated by the citizens of a community 
general, is the greatly improved appearance of the water. 
Instead of a muddy and often foul liquid a clear a 
sparkling fluid is drawn from the tap. 1 he ordintO 
operations of the household are facilitated and the Pe°P 
are generally well satisfied, whereas frequent c°mPlal"„ 
against the previous condition of the water had been 
ceived. The most important result of filtration of a pu 
water supply is the improvement in health condition • 
Normally it may be expected that the. introduction o 
filtration plant will accomplish a reduction of 75 Per cen ' 
in the mortality from typhoid fever. The reduction 
Cincinnati has been over 90 per cent, and at o urn 
over 80 per cent. Accompanied with the reduction 
deaths from typhoid fever there is also a noticea e 
duction in deaths from general causes. It has been 

the reduction of typhoid feverversally observed that
mediately follows the installation of a filtration plant.

Of lesser im ortance man tne oeneuL to public hea 
the financial adv ntage resulting from the purification 
a water supply receives some recognition. With a w 
supply of good appearance and of satisfactory qua 1 y 
inhabitants of a city will use it universally. This wilt

the income of the waterworks department and.^^crease
in turn decrease the cost of furnishing water. . _
vidual who uses a purified water supply will deriv 
financial advantage over the use of a polluted and mu 
water. The saving resulting from the improvement 
the physical quality of the water is also important a 
will in time assist in paying for the treatment ot u 
supply. It has been previously shown that the sav‘n? { 
lives by the reduction of typhoid fever is amply su.™cl.e 
to pay for the cost of purifying the water. Considering 
the question from a financial aspect alone anc wi 
regard to humanitarian considerations, a city provi 
with a water supply of poor quality can ill afford to mai 
tain it without improvement.

SOOKE LAKE WATER SUPPLY.

The engineering staff of the Sooke Lake waterwor 
project for Victoria (see The Canadian Engineer, July 23 ’
1914), reports that a length of 6 miles of the 10 4 1 
steel pressure pipe line has been laid, and that the m ^ 
difficult portion of the route has been dealt with, l 
expected that the whole pressure main from HlimD m 
reservoir to Smith’s Hill service reservoir in the city 
be completed in January. .

The reinforced concrete flow line, 27.3 miles in leng ^ 
has been laid for a length of 14 miles, or over halt 
distance. By the end of the year it is expected that: 
contractors, The Pacific Lock Joint Pipe Co., wi 1 ^ 
another four or five miles in position. To date the ra 
laying has averaged 3% miles per month.

The tunnel work within the city limits has progrès 
favorably, the third tunnel being practica )

ed

very 
completed.

REPAIRS TO RIDEAU CANAL.
The Deputy Minister of Railways and Canals has a£g 

nounced that improvements to the extent of $50.000 j.
made by the government on the banks of the Rideau e-
The canal will be unwatered at an early date for this putP ‘ jEJh

provided with a two-foldThe coagulation basins 
purpose, namely, to furnish a period for the reaction o 
the coagulant in the water, and for partial sedimentation

The chemicals generally used

are

of the suspended matter, 
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 floe, which in its 
formation collects the suspended matter and bacteria into

The action ofheavy masses which readily precipitate.
sulphate of iron, is quite similar, but this

soda ash to
copperas, or
compound requires the addition of lime or 
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 floe 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 floe 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 
gallons per acre per day. The rate of passage of the 

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 floe at 
the surface of the sand. This gelatinous substance forms 
a mesh through which the suspended matter and bacteria

The resultant efflu-

000

water

contained in the water cannot pass, 
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 oss 
of head. It is then necessary to wash the filter. This is 
accomplished by passing purified filtered water throng 
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.

method of filtration is used, the purifiedWhatever
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 (i) the relation be- 
tween the capacity of the filter plant and the daih 
sumption, (2) the period of pumping, and (3) the storage 
orovided on the distributing* system.

con-
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HERE are many thing's to be considered in design 
ing dams, and especially one of the commonly called 
“gravity type,” or, rather, of the solid masonry 
type, which will be here called the mass type, e 

onstructed by Beardsley and

T
gravity type will be that as c 
Ambursen and Ransome.

dam site, test pits orIn making examination of a 
rings should be made for a good distance above the 

dani site to determine the composition of the soil or stra 
under the dam, the trend of the stream, if on rock, not g 
,f these are at right angles to the stream or with he 
stream, and if the stone is subject to water holes also 

.the character of the ledge, whether seamy or not, and n 
U shows rapid disintegration where exposed to ®
Phere, and if under water, that it is easily worn a y y 
the action of the water, as in some limestones.

. In some cases it will be found that in the bed of he 
,riVer there are two classes of stone, one portion of which
lS Soft and the other hard. . , , made
f A careful examination of the banks s 1oa . ancj 
.? suitable abutments and abutment oun , ’ 
h quality of the soil composing them; also toPpre-

th underlying rocks, so that steps may be tak P 
ent seepage through and eventually a vvas ion

eugineers 
of which

THE CONSTRUCTION OF DAMS.*

„ By A. E. Walden, .
Chief Engineer, Baltimore County, Water and Electric

A

SVieciv

Heel
toe

Fig. 1.

.ïïîMS» ^ 1
s,”b" of feet per second per square mile, cer

ues of which will be given here. <)am
was co °ne case that came to ,the 7rè?ofScre°stCper square 
tiiii "0nstructed on a basis of three feet ruje that
thel area which is hilly and steep, based fo0t 0f
sp;m should be on normal conditions at . area,
aSfe kngth for each square mile fjr^d COn- 
ditiort ,S rnuitiplied by three can take c • „ great
Pr0D_S: This dam failed many times, that the
sPi!lWav da™age- but was finally co"®^ tQ taking the 
tu* ? section would have a crest q ^ one foot,
UndXiH-20 CU- ft‘ Pcr ST mi,e 3t aJedep h at the crest, 
-^J^d'ng this result by an assumed deptn

Asso*lat0m a paper read before the New England Waterw 

10n> September, 1914.

considering it as a rectangular section, no allowance be
ing made for the well-known weir action and of velocity 
of approach over such a crest. No trouble has since been 
experienced. This determination was made after an ex
amination of the stream’s banks for height of water, its 
depth at this point as compared with the width and depth 
of water at other points and for several hundred feet 
above and below ; also noting the heights to which débris 
had landed ; from information given by people living 
along the stream as to flood heights ; from the drainage 

and from rainfall data which had before for somearea

Toe

Heel1

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 
and the banks 5 ft. high, it was assumed that the water

ft. used as a basis and thereached 5 ft., but with 20 cu. _ 
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 

of the dam did not affect it. Undoubtedly the 
varied at various depths, but thiscrest

velocity of the water
could not be obtained. . , ,

Assuming the average velocity at 10 ft. per second,
and a sectional area of 146 ft. by 20 in., the approximate 
discharge per square mile in this case was 99 cu. ft. pei 
second, and the greatest depth of water so far noted on 
the crest of this dam has been 3 ft. It is possible under 
these conditions that the velocity was from 15 to 20 ft. 

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 
Henth of s ft. for a drainage area of about 300 sq. miles. 
This dam was 200 ft. long at the spillway, with about 
i 000 ft of earthen embankment about 18 ft. higher tnan 
the snillway section. The 5 ft. depth at the crest has been 
exceeded many times, and the gauge has shown a depth 

, „!/ ft on the crest, which was beyond data based 
non the government report’s gauge readings at that 

time and would be about on the approximate basis of 
„ (V ft. per second per sq. mile.
7 From an examination of many streams, watersheds, 

rt dams it would seem that one may expect to find that 
I” run-off will vary from 50 to 100 ft. or more per second,

, : some cases it has been considerably more than the 
maximum amount noted for a hilly section, that will give 

‘ u;cker crest rise than a flat section will do, owing to 
a q fact that the water cannot spread over any large area. 
me Jt may be assumed that a certain portion of the flood 

ches the crest in the first hour, a certain portion in the 
rea<>nd hour, and so on to five or six hours, or more, but 
this cannot be accurately determined beforehand with the 
data we have to-day.

Every effort should be made to obtain data from other 
the same watershed, if any, or on similar water-dams on
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Tyrnchea for ^ V\»& section to Won* 
adept Vi 1*»» YVia-n cut off Wall

Fig. 4.—Solution of Solid Dam Showing How the 
Can be Used for Drainage from Cut-off 

Wall to the Toe.

Arch

ritx-dHoles may be placed as descploded at a time, 
below :— ft.Holes running with trench on each side, about 4 
apart and at an angle of 45 degrees, with extra hole ^ 
each end at same angle, looking the other way. 1 he ( 
of these holes will depend on the depth of trench re<^U^ay 
and the width of the same. In addition to this, holes - 
be drilled from side to centre as shown in the end sec
Figf- 3- by

The writer has seen trenches cut in this manne , .
who understood tunneling and channeling, thatmen

meet the conditions required in every respect.

dam, especially when the dimensions were properly pro
portioned to care for shear. Steel bars may be embedded 
at an angle of about 30 degrees, as shown in Fig. 4, or 
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 experienced 
man, who understands placing shots. Especially is this 
true of the cut-off wall at the heel, for if such placing is 
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 or 
two different rock formations in the same river bed.

One or two test holes should be exploded with vari
ous charges, at some other point, to determine the proper 
charge to be used, but vertical holes should not be used, 
unless absolutely necessary. In this respect it might be 
said also that a regular 500-volt current will explod® 
twenty holes, and such a number of holes exploded simul
taneously will do better work than three or four holes ex-

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

OO o

oooo

X
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 9 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.

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, 01- 
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 with1 
split ends and wedges, and afterward grouted in carefully, 
this method would certainly add to the stability of the
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arches should extend back to the cut-off wall, which should 
be made sufficiently strong for the purpose, and will give 
a more efficient drainage than it will be possible to obtain 
with pipes of any kind.

Referring to the earthen embankment as employed at 
the abutment ends of some dams, the following construc
tion was employed by the writer, and tests carried on 
every day for several years to see if there was any in
crease of the water in the test well (Fig. 5) but no increase 
was found.

Again, from the core out to the toe every 20 ft., 
double lines of porous .drainage tile were laid from the 
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 
such embankment to the centre of the same, the embank
ment being composed of a gravelly soil, and found 
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 

as they actually exist.

on one

no

conditions
Table I.

501,000
1,000
1,000

94,i85
4,475
3>o85
1,545
7,000

50i3-
16.

608908 •5
3i8

1,500
700
400

1,078

6
12 and 5

1012
2.271,38°

5,760

3,56°

1215
3-6 120540010 (Could stand 9 ; 

stand flood of 
50,000 sec. ft. ) 4.4

II

1,108
480
5°°
260

15,800
16,600
1,270 8•514

15 2,35°
200 
119

Dam No. 18 was designed to care for 4,400 
. ^ total crest length of 450 ft. and a spillway section 
Abolit 120 ft., and under flood conditions water rose 8 
ft 3above spillway section and 3 ft. over the crest, the
estimated discharge being 14,5°°

There is one other point in the
in that the factor of safety of 4 for deck loads 

L used but consideration should be given the 
haf ^ o- sketch (Fig. 6), also the cost of such work. It 

manifestly certain that no load will ever be obtained 
!L't would stress the deck to call for a factor of 4, or 
that factor 0f 2, and that a factor of 2H would be amply 
eVf " even for ice, as with a sloping deck such a factor 
53 uld protect it from floating blocks or a plane of solid

•516 26,766 11
3°° 
3 20

17 8
18

sec. ft. ;

sec. ft.
of gravity damscase

Test holes should be drilled to sufficient depths, 10 to 
20 ft., more or less, to be sure that no seams or under
lying strata of clay underly the rock, and tested with 
Pressed air or water to at least 100 lb. pressure, and 
pressure maintained for such a time as will surely de
termine the condition in these test holes. Shale forma
tions are liable to large seams ; overlying strata of clay 
and limestone formations to water channels or recesses. 
The holes should be drilled from 10 to 15 ft. apart, more 
0r less, depending on the conditions found to exist.

There seems to be no reason why solid section dams 
__ be constructed in the form of arches that ex

tend from the toe to the cut-off wall, and the spaces under
for any upl'ft due to

com-

should not

these arches would effectually care 
Water seeping through or under the dam, supports to the 
arches, or haunches of the arches, of course, being 
carried sufficiently below the surface to effectually protect 
them from wash and undermining, and would be more 
satisfactory than large pipe placed 8 to 10 ft. apart, more 
0r less. Or 10-in. split tile may be employed for this 
Purpose, which would be more satisfactory than a solid 
tde> but in any event should be covered with loose stone 
s° as to allow free access to the tile from all si es.

vdsfer aV this just above ttie level outside of toe

Test well

Dram tile

Fig. 5.

si 1 There is 10ther condition that must be g^iv®”

series
pon^ he,ght of the dam ’ and !t. r11 bef nilv wear to this 

is filled with concrete, it will even u J jt would
nie depth and there remain about sta ion y- s

othe^ t0 b<î g00d P°licy t0 rCtain th€forPthc action of 
v method were taken to care fo ,, orobably
J er at this point. Some types of dams would pr

ess affected than others. . , to bedrock
in ,, e so,id dam may be reinforced an shown
hU'Vif-f - *«**'£££**«
thA and thus would take tension m the up some
Zm addition to which the and
h4r;«,d tend to take .the •?",he horizontal plane, or
Who f any tendency to sheer in th ,e joint was5ere uew work was tied to old, in case that the ]

Properly cleaned. . supports of the
arot, he trenches for the haunches for the s and
the eS sh°uld have a depth at least ecIU‘' th;S- These 
h6 Cut-off wall, preferably somewhat below this

some
the
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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 
efficient instrument for this purpose is small, 
records, together with the records for rainfall, depth of

BLAST FURNACE SLAG IN CONCRETE.

ITH the rapid growth of concrete construction, 
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, too of these to be crushed at each of the 
several periods, 28 days, 3 months, 6 months, 9 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 9-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 Ameri
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 1 %-in. sieve and were retained on the 
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, 
average compressive strength in pounds per square inch 
for the various tests are as follows : 28 days, 1,561 lb. ; 
3 months, 1,952 lb. ; 6 months, 2,589 lb. ; 9 months, 2,841 
lb. ; 1 year, 2,797 lb. A study of the test results shows 
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 9 months and one year shows that of 
the results not in close agreement that the general 
average, a somewhat larger percentage falls below this 
general average than runs above it. However, as the re
sults which are above the general average are much more 
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 
a&ffregate 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 stone 
or gravel, since the crushing strength of broken stone or 
gravel concrete, made under ordinary field conditions, will 
not generally average much over 1,500 lb. 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 foot, 
the recognized solubility of slag which permits it to act 
as a puzzolanic material, its alkaline nature which Is 
especially conducive to rust-proof in the case of reinforced 
concrete, and from the relatively high combined pe*"' 
centages of silica, alumina and iron, which make for pet' 
manency of the resulting concrete, the conclusion is tha* 
slag is satisfactory for use as an aggregate in concrete-

w
an

Such

T
3H

H

The

J ' Hge-i

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.

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, 
4-4i ; 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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3. That the rate of payment or the rate of accumula
tion of the sinking fund on any public debt contracted for 
road improvement should approximately equal the de
terioration of the improvement.

4. That road building and maintenance comprise 
work requiring special qualifications on the part of those 
who direct it.

5. That responsibilities should be definite as to

ROAD ECONOMICS.”

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

that branch ofR OAD economics may be defined as 
economic science which treats of the cost and use

Cost and public 
are the

of a road as a public utility, 
utility, in a comprehensive interpretation, 

determining factors with reference to the amount o 
m°ney to be expended, the method of its procurement, 
*he liquidation of any indebtedness incurred in connection 
therewith, the location of the improvement, the character 
of the work, economy in the management of the project, 
3nd the utilization of the completed road for the economic 
benefit of the public.

The subject is logically comprised in two divisions, 
‘he first of which deals with those larger questions of 
egislation, finance, organization, road class 1 ca ion 
Section, the utilization of collateral agencies, and the 
management of the road as a completed project- 
Second division of the subject, although more mil e 
Sc°Pe than the first division, is important from the stand- 
P°int of economy and efficiency, as it relates to t ie yan 
activities in connection with the actual work o <jon' . 
t‘0n- Examples under this division would be the lowering 
P cost by the intelligent use of labor-saving m ’

e keeping of adequate and efficient cost.rJ'cor J . tue 
0 detect extravagance, incompetence or dis lone. ’ 

systematic purchase of materials, and the use ° 
her measures as would serve to produce a sa

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 should 
hold office during efficiency instead of for a fixed term.

8. That 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.

10. That all agencies at the disposal of the state, 
in works of public improvement, should

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, I 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 way 
to the most remote country districts. There is an inter
dependence which should carry with it a co-operative 
sharing of the burdens incident to improving the facilities 
of transportation between country and city. Legislation 
should therefore, 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 
revenues derived from automobiles amounted to about 
eieht million dollars applicable to roads, out of a total 
from all sources, state and local, of about $205,000,000.

method of apportioning the road taxes is a 
dily be worked out by each individual

use

r°nd at the lowest practicable outlay.
be economically

c subject should be known and accepted } rntgely 
°rs- A system of financing road improvement is largely 

J* outcome of legislation, but is often modified y 
erc»se of administrative discretion. Ogamza ,

Lnance, is to a great extent prescribed by statute.^ but
te **e .a£a.'n the personal equation enters nr£c ^:i;zation of 

^‘nation of efficiency or inefficiency. ie l* . . or and 
lateral facilities of the state, such as c0"vlc‘, cduca_ 

tin a’d of state institutions for investigative ;n
nal work is largely determined by law, m pjay

^.■nistrative discretion and the personal equation^ P1 J
^important part. The classification and selecgo^^
en" S ^°r improvement, although resting up ques.
tiOnClfUlent’ are much more larSely an j dmJ|>rred and the 
«am tat those to which I have already 1 r’oad after 
Co e holds true with reference to the use o public
U^P’otion so as to best serve its purpose as a P

The exact 
detail which can re a
state.

The second proposition, which calls for the improve
ment of roads in proportion to their traffic importance, 

, at the very root of our present method of appor
tioning road improvement. Too often have we seen ex- 

1«4 of costly improvements distributed according to 
tb dictates of a few influential citizens or according to 

® orbitrarv arrangement of political units or for senti- 
S0® , reas0ns or through a cheerful, haphazard mdif- 
-en jt ;s ’now generally believed that four-fifths of 
u traffic of this country is carried on one-fifth of the 

1 ;u>aCre It should be manifest that the most heavily 
traveled roads should first receive attention and should 
J1 ;mDroved in the most substantial manner. It is en
tirely feasible to make an expert study of a county road 

stem and indicate graphically the traffic areas for each 
• ortant road, much as you would show drainage areas 
Jmp ,a‘terways. The yield and the probable traffic in ton 

.. for these traffic areas can be readily determined so
ml establish with reasonable exactness the amount of
aSt]a which the traffic would justify. The relative cost 
°f such a determination would be almost negligible if in-

y. should be 
con- 

be re-
cor J *s thus evident that these basic ac or•
form atCd and that the undertaking as a w 0 ,
g-lr , f° ‘hose economic considerations w "C.core, for- 
mU) ®d as fundamentally sound. I have, to be
inct^ ‘en fundamental proposition, which j
Shan r®Vert,ble and so self-evident as t _ proposi
tion’ therefore, first submit these ten axi practical
'PPhea^ thCn endeavor to eXpl3in t0 y°

nient1', l,lat all who share in the benefits of' s'_

sh°uld share proportionately m the propor-
ti0n J' "Phat the degree of improvement s ou oved. 

nate to the traffic importance of the road imp
Road Congress,

Atlanmap£r read at the Fourth American
' Georgia, November 9-14, I9I4-
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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 go 
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 hands 
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 appointmeri 
rather than election and for the holding of office during 
efficiency instead of for fixed terms, is designed to attract 
to the work men who look upon road-building as a life 
profession or occupation. A good engineer may be a ver} 
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 engineer, 
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 position 
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 per 
manent and that it requires continuous upkeep, is in ten e 
to impress upon legislators and administrative officials t e 
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 trac 
is not permanent without repair, then why should pub ic 
funds in a large amount be expended in road construction 
which, without adequate maintenance, may deteriorate to

almost

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 

millions of dollars of road revenue and a wonder-

the extent of 50% in a few years? It would 
a reflection upon your intelligence that I should u*"£e 
upon you these conclusions which are so generally under
stood and accepted, were it not for the fact that theit 
acceptance is very largely in theory and not in actua 
practice.

seem

satis-
protestThe ninth proposition, that cash is a much 

factory form of tax than labor, is put forward 
against the continued cherishing that old heirloom know* 
as “statute labor.” If A owes B $10 and B has the opt*°’’ 
of collecting that $to in cash or taking the amount 
in labor which A shall select and which is totally un < 
miliar with the character of work which B requires £>r ^ 
which would be semi-independent of any control by B,■ w 
should consider it very unsound business judgment 1 
were to accept the payment in labor instead of cash, 
you provide an efficient highway engineer or county supe ^ 
intendent with a modest amount of cash and let him , 
competent, efficient laborers, he can quadruple the 
fective results obtained by the same number of laborc 
under the old statute system. I know that there are se 
tions of country where it is almost impossible to.col e 
a cash tax. A certain amount of discretion might in sue 
cases be entrusted to the county authorities to accep 
payment in labor. y

The tenth proposition, that state agencies which 
be used in works of public improvement should be so us ■ 
instead of in commercial undertakings, is directed V‘^ 
tially toward the convict labor question, and is baS

more
as a

many
fully increased efficiency in our road system.

The fifth proposition, that responsibilities should be 
definite as to persons, is aimed at the elimination of ou." 
present complex and cumbersome system of road manage- 

If all of this antiquated organization could be 
swept aside and in its stead one or a 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 
conducive to efficiency than temporary employment,

If

ef-
ment.

more



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- 
Crown colony the ownership of the waters in the

T
came a
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 

taken out. Although throughout these years 
water law that provided for granting of

they were
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 

and advise the best method of undertaking thesystem
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 Ihe Water Act were made in 1913, the 
results of organized expert effort may be said to have 
ervstalized in the amended act of 1914- We do not claim 
that this act as it now stands is perfect, far from it ; for 
dnrino- the preparation of amendment of the act complete 

5 of office and staff has been well advanced,
order of work establishedorganization

current work taken care of, an .
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 iust entered on the 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 
• , r water law. What follows hereinafter is a brief
15 ‘JJ j 0f this law, an outline of our order of work, and 
a"f J remarks with respect to administrative problems 
3 d of how the administrative staff deal with the work.

The basic principle of our water law is set out at the 
1 o-inning in the declaration that all the unrecorded water 
•e*any stream is vested in the Crown in the right of the 
'"evince. The purposes for which water rights may be 
P -red are there given. Organization and administra- 

. are next taken care of. Procedure in the acquirement 
"f1 water rights follow then the organization of com- 
°' nities associations nd municipalities, and lastly the 
Board of Investigation, its functions and procedure.

Under the chapter “Organization and Administra-
,, the law briefly authorizes the appointment of thetion,

ADMINISTRATION OF WATER RIGHTS IN 
BRITISH COLUMBIA.

By William Young,
Comptroller of Water Rights.

upon the assumption that offenders against society 
a debt to society which should be paid in such form as 
will most benefit society, and the further assumption t at 
honest labor should not be discriminated against throug 
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 prépara 
tion of road materials, or in other, works of pub ic im 
provement so far as practicable. This proposition is in
tended also to emphasize the necessity for correlation ot 
the states’ various agencies in the interest of roa im 
provement. For example, a state geologist s ion 
helpful in the selection and location of road materia s 
the laboratories of state universities should be use u 
the testing of materials, the university sta ® ou 
helpful in the givng of theoretical instruction and in many 
cases in practical extension work, state bureaus 0 ‘
tistics and agriculture should be helpful in accumu

. . . . ° . * • _____ ^anf H7Z>rlf in the state,

owe

and state civil service commissions should be of - 
great use in the inauguration and conduct 0 . .
system in the filling of positions requiring 
practical qualifications and experience.

extensions forPROPOSED CAR LINE
TORONTO.

the expenditure of
likely to be pre- 

The works
Four by-laws providing. for 

$5°o,ooo for transportation utilities 
sented to Toronto ratepayers on January is -

follows :—

are

“ r -l-e rj£~£
°n that street at a cost of $105,000. _

(2) Construction of a double .trac^, ^'^ear Yonge 
Serve North Toronto, commencing < , Reser-
Street and Shaftesbury Avenue, eastery ^ northerly 
V°lr Park ravine parallel to the C'P'and Clifton

a proposed street to the corner of Roseh-U an
?°ad, north on Clifton Road and 2l"ie ^ Mount
fount Pleasant Cemetery, on Alberta - v a cost 0f 
basant Road to near Broadway vcnu . s not been 

^320,000. The above definition of t e ro mm;ssioner and 
epnitely settled upon by the works; c changes.

probably be subjected to one or works com-
Çfore work on the line could commenc -work to lay 

nilssioner has thousands of dollars o se throughthe proposed route and a road ^.construct t ^ 
M°unt Pleasant Cemetery. This road is to be^per 
a"d must be sewered the whole length before

win

t^ay can be constructed. York

at a cost of $52,000. The company s fran 
P°rtion of the line ran out last year. motor
l (4) A proposal to purchase $100,000 v , sections in 
.b,US€s to establish services at unspeeffied 
,he city.

, Beatty and Sons, Limited, Welland’ 
at they have opened a district office in 0 

S‘mc s««, where
e> formerly of the head office. -,

p^y has been represented in Toronto by »■
'-united

Ont., announce 
with address

Mr. K. M. 
this com- 

W. Petrie,
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comptroller of water rights, and the Board Investiga
tion, each with specific powers ; 
engineers, also with specific p _
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 ot 
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. e ?a“, . 
vestigation was formed for the purpose of hearing claims 
determining old rights and adjudicating thereon^ Jh 
Lieutenant-Governor-in-Council or minister may, however
refer any matter, question or thing to the board . 
purpose of obtaining information or making any enqu y 
thereon. As constituted, the board normally consists of 
three members, two of whom shall form a quorum- . 
comptroller of water rights is a member of the board m 
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 power 
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 governmem 
agents, act as representatives to the comptroller to the 
extent of receiving applications for water rights such p 
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.

, the division of the

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 Pr«“duJJ 
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 pr 
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 prominenc .

(1) Irrigation, whether by individual, community, 
company or municipality ;

(2) Power ;
(3) Waterworks.
A broad distinction in purpose may 

“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 an 
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-

be said to exist :

made in the creation of a system 
of administration, in expert m- 

order 01
able progress was 
adapted to the business
vestigation of conditions, and in formulating an 
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 
preparation of rules and regulations for the administrate, 
of the act, and important amendments, to the act,. S
which may be mentioned a chapter dealing wit irriga >
whether by community, company or municipality J
important amendments to the Railway Belt Water Ac 
were also made, whereby the administration of water 
rights in the railway belt finally passed from the D^ 
minion to the province, and as an outcome of this tn 
British Columbia Hydrographic Survey 
for systematic work throughout the province.

The effective work of administration may be sai 
have begun in this year, and that there might e_ u 
formity of effort, the order of work referred to as ha » 

J slightly revised to meet tne

organizedwas

been adopted in 1912 
conditions. This order is as follows :

1. Investigation of old records.
2. Systematic and continuous work in stream gauging-

Study of the proper duty of water.
use of water.

was

3-
4. The prevention of wasteful
5. Policing of streams.

Economic distribution and delivery of water.
determine their et-

6.
7. Inspecting water systems to 

ficiency and safety.
8. Determination of storage possibilities.
9. Investigation of water powers.

10. Investigation of source of domestic water supp y- 
This order of work involves the three great groups o 

referred to, and which are, in each particupurposes
district, of greater or less importance-

investigation of old records comes first, and nece ' 
sarily so, for the very good reason that effective admin. _ 
tration was quite impossible until the chaos of almost 5 
years had been cleared up. . Under these circumstance 
the efforts of our district engineers have been large y 
centrated on engineering investigation of those records, 
although every line of work has been given more or 
attention. There are about 8,000 of these old recor 
practically all of which have now been reported on. Uae 
preliminary reports have been of great va ue to the a 
of Investigation. The hearings now held by the b°‘ 
are very different to those first held without such P 
liminary engineers’ reports. The success resulting TO* 
the efforts of this tribunal during the past two sea 
is as much due to these reports as to anything. 
on 2,000 records have been rendered, and to date but n 
appeals have been filed, two of which are now in deta 
We are hopeful this measure of success will continue.

of the districts the board work is complete, an 
are now fortunately in a position to follow more fully < 
carefully the various other, lines of work, with results 
have been most encouraging. . J

I have referred to three great purposes as being 
public interest, viz. : Irrigation, water power and wa« 
works. Since the difficulties met with in administrate 
centre around these, we will refer to them in due orde 

The Administration of Water for Irrigation.—Pri 
to 1914 there was no provision in the law that would 
able the officers to cope with the conditions thatalrc* 
existed, and under the circumstances their hands w 
practically tied. The Water Act of 1914, bowefr’ ‘d 
eluded new sections which involved basic principles

some
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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 
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 be fulfilled during the coming 
winter, and that another year will see several irrigation 
corporations or municipalities in operation.

made administration for irrigation possible and effective. 
These principles

(1) “Limiting the quantity to beneficial use, 
is to say the quantity of water used per acre shall be 
limited to such quantity as experience may from time to 
time indicate to be necessary for the production of crops 
in the exercise of good husbandry.

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

(3) “Consideration of the particular crop grown, a 
Provision which opens the way for adjustment that is in 
the interest of the community as a whole.

are :—
” that

I do notAs to what kind of crops should be grown, 
c°nsider myself qualified to discuss such an important 
subject; but as regards these principles and their ad
ministration I am reminded of a statement credited to 
S>r William Wilcocks in reference to the control of use 
°f water in the prevention of deterioration of land: in
lhis respect the government is autocratic and can and mus 
enforce the regulations devised by its experienced advisors
ft need not await the slow education of the gren o y 
of water users before adopting those practices whic 
experience has shown are necessary for - c genera 
Prosperity.”

cor-

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 

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 period 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

eliminated and licenses substituted therefor and

Tor the administration of these principles the Pow^r® 
°f the district engineers were enlarged, and in carrying 
?ut “rotation in use” they may arrange when necessary 
?" appointment of water bailiffs whose u 1 
early S€t out ;n tbese sections and whose au X 

a^ked Up by the Police and Prisons Act. These prmcip 
‘nd the provision for their enforcement are no 1 •
Erring to the history of irrigation particu ariy m

countries where it has been practiced for centuries,^ 
Î 6 lo,d that the water that irrigates your e le:„bbors 

a channel which passes the field of al you 
^cannot be maintained in a state of efficiency unies5 
0 ,c 0 their duty, and it is easy to understan o ^ ’ 

der and obedience to a properly constitut ^
ai S°°n developed themselves. We are a jrrj_
gat°CraCy was introduced into a free commun tjmes 
of °n small> independent canal systems hemsejves 
a hhculty the irrigators chose from amon,^ and
h 'ctator for the whole period of scarcity P were
a °rders are obeyed and respected as thoug .2 abs°lute monarch, and further, that they invar,ab y 

°se a good man.”
the Jn sh°rt, success here may be said to ^These 
of 'Uman equation and we have kept in m ...^ jn_l^-worfd practice in ,h= appoint»*-- °f 
of Up°h these men having the con en result of 
the communities in which they reside g where
Water f°dllcti°n of these PrinfclP,es m S?TS been most en- 
CoUr fetJds have existed for years ■ friends and 
tieiopLln?” Irrigators have again becom and
P5îb0rs’ realizing that their individual success ^ 
one S? ™Gant the prosperity of t «rotation of 
Watf.Pa bcular instance where an 01 d ;t was
f°Unri instituted, as the water became ‘ d;tches 
that .lillat some of the prior record ho en reacbed 
their VS°?bed aI1 the water in the creek obvious the 
bniliff 3ud' As this state of affairs be: < order of

tiling, they could not make b

no

cords are .....
the organization for effective administration progresses, 
we shall in due course go more fully into the question of 
fees basing such on the several factors set out in the 
rules rather than on the basis which has been adopted 
for the current year.

Hydro-electric power is essentially a specialty and 
to deal with it in a proper way, a section of our staff 
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 

is to what extent should the Crown be-policy
that confronts us 
come interested. On the one hand we have the example 
C° the Hydro-Electric Commission of Ontario, the pro
gress of which we must carefully follow, analyzing the 
S DOrts and criticisms pro and con. Then there is, on the 
r<ther hand, the necessity for encouraging investments of 
private capital, subject, however, to the principle that 
P , ,• utilities as natural monopolies must be under regu
lation by the Crown. What the ultimate result will be 
only the future can tell.
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respect we have, to some extent, adopted the system m 
use in Oregon, charts being prepared to show graphical y 
the relation of records to stream flow, from which it may 
be seen at a glance those licenses that have to depend 
upon storage, and to what extent a stream may be
recorded on.

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 an , 
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 smal 

important industry to some com-

the lines of work of the district
AndI have referred to

engineers as covering these three great purposes 
while I have stated that every line of rw°rk ,laid. d°’it 
has received attention in one or other of the distnc , 
has been impossible at the present date to give all t 
lines in each district the full attention they ment, bor 
example, take “Duty of Water,” a work that will demand 
the whole time of one man, who must specialize, a 
whilst this is so, it is not the intention to relieve the d 
trict engineers of their responsibility On the contra 
their co-Operation is essential, and they will be req 

k«p in touch with all work within their distorts »-d 
to be here and there in the event of contentions arisi 

In conclusion, if the administration water 
is to count for anything, the requirements of the différé^ 
sections of the country must be anticipated. To this

have concentrated our efforts on the Okanagan Valley.
stream will have bee» 

watershed de-

power may mean an 
munity.

Administration of Water Rights for the Purpose of 
Waterworks.—Administration in the issue of licenses and 

F1 annual fees is usually plain sailing in this 
There is. however, a phase of it that is o

The m-
collection of
purpose. .
great importance and in the public interest, 
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 Practica 
conservation. During the past two seasons a field party 
has been continually at work following a set order in.

(1) Determination of timber
(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 
for which it is held.
(6) The investigation of other rights, whether water 

or mineral, and the use to which they are put.
like British Columbia the value of

time

we
By the end of another season every
traversed, every reservoir surveyed, every _ .
termined, and the timber cruised; stream gauging^afl t 
while having been carried on. In fact a thorough watt 
investigation will have been completed in anticipation 
development that is bound to come The probliem 
drillin'3- in its application to bench lands is also un

also ,he problem of irrigation b, P«»P$ 
with a view to obtaining and marshalling all the P 
ence of other countries that we may apply them to Brit»

00 In the general conduct of the administration of 
rights, whether at headquarters or in the field’.^® by 
endeavoring to follow the principles of good bus*ne 
giving prompt attention to nquirers and wa . . g
unbiased decisions where the is dissension l and m be 
thorough and comprehensive in field work and 0 
vestigations that we from time to time may undertake.

area.

of alienated land and the pur-area
pose

In a new country
this work must become of greater importance as 
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 

make equitable decisions in respect of licenses held
at variance with one

REGINA ENGINEERING SOCIETY.

At the annual meeting of the society, held recently’ 
Mr. L. A. Thornton, works commissioner, Regma, 
elected president, and J. M. Mackay, superintendent^ 
waterworks, Regina, was re-elected secretary for

>Car About 30 members took part in a visit to Moose K 
on October 17th, where the city engineer, Geo. D. Ma. 
had made elaborate arrangements, including a_sp 
street car and a group of automobiles, for showing .fl 
party about the various works of engineering mteres 
the city. Amongst those visited were the powerjt 
where a demonstration of the recently mstal j
pressure water system was given; the sewage <Pe 
plants; the new Dominion Government internal s 
elevator, and the Robin Hood flour mills. _ 0n

The society’s annual dinner was held in Reg 
November 5th, the guests including H»s Honor L 
Gov. Brown, Chief Justice Haultain Wm. M_M‘
M.P., Regina; J. F. Bole, M.L.A., Regma; Robt■» 
tin, mayor of Regina, and Jas. Pascoe, mayor o 
Jaw.

THE
us to
by the mu 
another.
large city, a great railway and shipping centre, 
this in mind we are compiling all the facts. T 
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 

with the Dominion along lines

nicipalities who 
It is obvious that Vancouver must become a

With

were

The pro-

if it could co-operate 
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. I he 
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 

relieved of this work, except in sections
administration

In this

The next meeting of the society is being held 1 
Regina College at 8 p.m. on Thursday, December j 
the president delivering his inaugural

a large extent
where irrigation is practised, and proper 
depends on a direct knowledge of stream flow.

address.

A

CT
>
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manufacturing grades of steel which, up to the present,
have been scarce commodities in this country. A high- 
orade crucible steel for the manufacture of drills, taps, 
cutters, dies and other tools belonging to machine shop 
practice, will mark the initial activities of the new plant. 
Drop forgings will be started early next year, and it is 
the intention of the company to extend its present plant 
by the construction next season of a projectile shop.

7 Sir Percy Girouard is president of the company and 
the other directors are the Right Hon. Sir George Herbert 

P C c.B. ; Saxon William Armstrong Noble, 
Green’Foster’, K.C., and Matthew Joseph Butler,

=a

PURIFYING RESERVOIR WATER WITH COPPER 
SULPHATE.

achieved at the City of 
the nuisance, in the 

caused

beenInteresting results have 
Gloucester (Eng.) in dealing with
city’s reservoirs for the supply of Pota 6 • ’ created
by the excessive growth of weedSQ Venable cofor to the

reduce the ex-an offensive odor and gave an
time it was necessary to 

cessive growth of the weeds by the
cess which involved considerable annual exp •
consequence of experiments conducted by MrJ^o
Ertriy, F.I.C, ,hJ analytical » the Glouces.^
County Council, the nuisance from the• * reservoirs
now been effectually combated. J e * w;tb “Chara 
of the corporation were at the time choked w-th 
Vulgaris,’’ a plant which is Pr0?a^dby 
sPores contained in an archegonium
antheridia. The bursting of the archegonium
myriads of minute greenish cells w ic , and a fishy
anthrozoids, give the water a distinc gulphate Jn
°dor- It was found that the use o _ successful in
quantities of i to i,000,000 was emm y out ;njuring 
cstroying the lower forms of p ant^h ^ human be!ngs. 
be fish or rendering the water to. sulphate is to
ne °f the methods of applying the cop] tbjs at the

Pace the crystals in a canvas bag an . SCatter 
K='« of , moving bon.- Another method» ^ ^ _

le fine crystals over the surface o bottom of the
ng seed, the crystals falling rapid y advantage over

Reservoir before dissolving. This has ai diluted
former process where the solut.on is muc

fore reaching the bottom Gloucester corporation
, the three reservoirs of the ,lons and the
ave a total capacity of 120,000,00 each yearly

Quantity of sulphate used is 4°° . found to be
Application, to 3,000,000. whK* » ™„„ir so
dequate to keep down the weeds. i where
r°ated is allowed to stand at least 3 ! ^’n<j 0f which

qqs;sible a week, after the application, a of suiphur
qer'°d it is fit for domestic use and no .( hag been 
an be found in the water. I he tiea pebruary, when 

is best carried out in the month o Febr^^ ^ 
,.e bottom of the reserv irs is usl'a nrdinary condi- 
tint0ms °nly 1 in March an April, un e iater the
p, ns> the confervas make their appeara treatment be 

begin to grow. But if the sulP^fd‘stroyed and 
, pPbcd m the early stages the diatoms Moreover,
if !,her the confervas nor the Chara aPP under proper 
si, C ^Peration be performed with car 

Pccvision no danger need be feare

water. At one of rakes—a pro- 
As a

use Murray,
George
C.M.G.

TO REBUILD BELGIAN BRIDGES.PLANS
held in Toronto lastAn important conference was ,

week by representatives of the Canadian I acific, Grand 
Trunk and Canadian Northern railways, and of the Allan, 

Pacific and Canadian Northern steamship lines.
the rehabilitation ofCanadian

The project under consideration 
the numerous railroad bridges m Belgium and France 
that have been destroyed in military operations. It wa 

the reconstruction of these bridges meant to 
numbers of,men and the

was

felt that
Canada the employment of great 
outlay of millions of dollars, 
seat of war pointed out the .enormous 
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 the railroads 
since their removal to ake way for h 
It Was stated that these released bridges, if laid down m 
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 
Cnmoanv Wm. Lyall, of the P. Lyall Construction Com- 
C Timothy Foley, E. T. Foley and O. W. Swenson, 
of Foley, Welch and Stewart ; W F. Tye, civil engineer 

r Montreal • Patrick Dubec and Jno. Jenkins, Montreal 
railroad men; C. W. Allan, of the Allan Line, and Hugh 
Sutherland, of the C.N.R.

Communications from the 
task which

not in use, 
structures.

ON THE HUDSON BAY RAILWAY.progress

From Le Pas to Thicket Portage, a distance of 185 
.. the new line has been practically completed. It 

will be remembered that a year ago this portion of the 
fine known as Section 1, was graded for a distance of 

Smiles and had received steel for 60 miles. Section 2, 
'*LAine from Thicket Portage to Split Lake, a distance 
efvS miies has been graded and steel is now being laid. 
^ Section’3, the remaining 165 miles between Split Lake 

H Port Nelson, considerable clearing and grading has 
f" donc‘ Officials of the Department of Railways and 
O enals Ottawa, state that the work will be continued 
Lan bout the winter, and that completion of the Hudson 
Bay Railway may be looked for early in 1916.

OPERATION.
NEW STEEL PLANT IN

■------  t 0f increased
aot- '.U°ng with the encouraging re^0^ tbe announce- 

among steel companies has co d Limited,
SVn-n the Armstrong, Whitworth of : C^any
pù. 'ts new mill at Longueuil, Que., n „ ;ts branches 
bçfed and will commence business 111 frojied by Eng
lish cLbelmmth is ended: Alth5,vCa Canadian manu- 
fact ’.pita', this company îs'essent J workmen, and 

CtUr>ng concern, employing Canadian wor

com-

throug
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servative, water proofing, tar paper, ro gP 
The pitch makes an excellent binder for briquettes an 
will -o far towards reducing the cost of this ltem, 
m„„ all our coal tar dyes and
have heretofore come from Europe, p P nreserving 
Several million gallons of creoso ing oils for pres^ ^
timber on JTi*l—

SASKATCHEWAN LIGNITE.

H, re The browT deposiTs ôf coa^which, in quantity

ture, but its character throughout practically all the d - 
oosits is a true lignite of cretaceous age. A full report 
will shortly be presented by Mr. S. M. Darling, w o is 
in charoe 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.

T
cut off and
greatly enhanced. . , . ,

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

Lump carbonized lignite is the ideal gaS P™ “qte
fuel. The amount of gas is equal 
pound for pound, but the gas is richer, has less
less clinker and burns more freely.

substan-

it is found in Saskatchewan, requires
It is thenThis lignite, as

drying to eliminate a 3°% content of water, 
crushed to about 1 inch in size, the larger s.zed urnps^ of 
dried fuel being then suitable for burning on automatic
stokers, while the smaller sized lumps, pass on to
carbonizing oven for treatment before being briquetted.

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 a. 
the Parliament Buildings, Regina. The amount of wa er 
evaporated per pound of fuel as fired was 6.36 pounds 
Temperature of feed water S7° 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. Daring,

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 safeguarding plant

of course, obtained where the

liant in the Leader
The 100

has used six carloads 
lignite, and on anything approaching a
a horse-power on each pound o ue ■ ^ wU1 use
dozen gas producer plants in this ter Y efficient ?ST=Jbomzed lignite when it can be s»PP^ ® JJ, 
quantities. It means a reduction of 30 per cent.

full load they got 
twoThere are

fUCl As a domestic fuel the carbonized lignite briquettes
anthracite, ton for ton. . 1 Y ,

British thermal units per pou 
British thermal units. » 

loss 10

fully equal to 
heating value of 12,000
^“^InE^^gn ite

burning, and they can be used nicely m kitchen g 
which is impracticable with hard coa .

This drying, carbonizing and b^etting of the hg ^ 
results in substantial economies from the sta . P

. There is not the large waste m screen
ings as at nresent ; every pound mined is use or 

8 . The product is put into such a condition
stored indefinitely and shipped any d«

This is not possible with }te

This

are

as a

we

can

the mine owner
can removeequipped for the purpose 

the moisture. purpose 
it can be
without deterioration.
lignite, which can be mined only as it is us . 
mines are therefore idle a large par ° y ‘the year, 
ability to operate at a steady rate throughout the Y ^ 
storing Ihe products during the summer or shtpmen 
winter will effect » decided reduct,on in the cos

No byproducts are, 
lignite is simply dried.

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

On carbonization, the products, in round numbers are :
,. 10,000 cubic feet 
.. 15 gallons

35 gallons 
; . 1,200 pounds

to utilize the lignite is to

of
1. Gas, per ton of lignite
2. Oil or tar per ton • • • •
3. Ammoniacal liquor .. •

Carbon residue...........

production.
To sum up :—
1. For domestic fuel for heating 

are dried or carbonized lignite briquettes.
2. For steam raising purposes there are

for automatic stokers, dried lignite briquettes 
fired furnaces and powdered fuel. n;te

For electrical power there is the carbonized ~ 
for use in gas producers at local points in 1 J n0t
of the country ; and, when the time comes, eSs
already here the surplus gas from the carbonizing p ^ 
will be adequate to generate current at Niag< ‘ t;0n 
for distribution over a wide area from a centra

and cooking there

dried lignit.e 
for hand'

4-
British thermal 

” for
The gas has a heating value of 400^ 

units per cubic foot and makes a good “town gas,
in stoves and ranges. It is not a good illuminating 
; it is serviceable principally for fuel and power..

in one ton of lignite than is re- 
This surplus gas has

use
gas;

There is more gas 
quired to carbonize the next ton. 
a very direct bearing 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 
to be used for power.

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 sufficien y 
large to vield from the surplus gas all of the Power re" 
quired within a wide range of the lignite fields. lhe 
power derived from this surplus gas costs less than 
Niagara water power, $8 per horse-power year. 11 
necessary, the amount can be augmented by using car
bonized lignite in gas producers.

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

3-

ton

at the mine.The 4. Finally there is the utilization of the_byproduct ’ 
which is bound in time to be a large industry m itself-

rapid line work.

tas
is In possession of on excellent record ^speedy con 450 
Between October 26th and November iqth it erected 450 
transmission towers, and strung 8 miles of wire.

put to many

*

JC 
O
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few washers are designed 
of design.T the present time very

with any idea of obtaining economy 
An amount of metal is cast in a certain s ape a 
trusted to hold the load to which it is o 

subjected. But owing to lack of definite knowledge on 
the subject it is customary to add considerab e unneces 
sary metal to a washer simply to insure safety- 11 
casting of washers, however, the cost varies directly witn
the weight and the question of an economical design
should be a vital one. The common washer is essentially 
an uneconomical one in design and it seems pc®sl , 
a design with less metal and sufficient strength could be 
obtained. It was with this in view that a careful study 
Was undertaken by L. R. Rodenhiser, w ose 
Peared in a recent issue of The Cornell Civil Eng • 

The objects of his investigation were two 
ro determine the safe bearing value and ultima ^
°f different woods under different was e^s" . wejp-hts 
termine the economic size of washers an and”yet
in order to make the first aim as high as po 
keep the weight of washers down to a minim •

Four kinds of wood were selected “*£***£ 

cod test with the following results : ne,per sq. in. ; oak, 9,000 ; whitewood, 4,500 ; and white p

^conditions of the test Were aS ^nthe wo^Te 

conditions as possible. A hole was bored m the^ ^

ze of the hole in the washer an re appliedconcentric. The loads except in two ca to ^pply
a nut. In those two cases an e g<- w. wood

the loads. The depression of the washer into
WaS Ier* accurately measured. four feet long

The timbers used in the testing fi which
„ were all 4 i„. x 6 in. except lb= ,D™Sd M was
,,?s 6 m- x 6 in- The wood yf |W| lumber-yard.
‘ken at random from the stock o < „„nears to have 

Jjom the results, however, the wood appears
en well seasoned. , A the elastic

Professor Johnson’s rule for de er , t£ limit is the 
^lt wa® used. That is: the apparent d^ ^ ^ q{ 
Jnt °n the stress of any material a Jn other

w<!rrirnati0n is 5°%. gTeater than at [ line whose slope 
: ds, it 1$ the point of tangency 1 through the
"s* greater than that ol the '»
J^n* The washers that were *?esl^ on soft wood 
a'le.s Were designed for a bearing of 500 tjjC values

900 lbs. on hard wood, these being ]u the appli-
l>nd for the elastic limits by experime • .fi com.

tnerr” ,°f results il should be remem er^ washers may
, .C|al casting the bearing surface the wood-
5 ‘tegular and so cause uneven foundries
^lso the quality of the metal used in commercial

P°°r and variable. , t0 deter-
. discussion of Results.—Tests were « the result

tha? the advantage of spools on waS^ strength of the 
walSpools were found to increase he spool,
Withner fr°m So to 10056 according to ^*°ght of the
Wash Ut a Proportionate increase 1 ffreater height
than e[‘ A test was made for a sp . but no ap- 
PrL- ,hat indicated in the above the added
ZShl« increase in strength was shown for

Crh An interesting set of tests was 
the ,! Washers. it was expected that 

°ntact face the washer would r

A

and

fo

with round- 
round edge or 

the amount

made

the strength and design of washers in
REFERENCE TO THE BEARING ON WOOD.

of the cutting and consequently the amount of the de
pression. On the first test the washer turned up on the 
edges so no satisfactory results were obtained. Further 
tests were made on stiffer washers but the results did not 
indicate any decrease in depression of the washer due to 
the rounded edge. In these tests the outside edge was 
rounded and no advantage was observed. It is thought 
possible that rounding the lower edge of the inside of the 
bolt hole may work to advantage by relieving the pressure 
from the fibers which were cut by the bit. However, no 
tests were

In the first tests the load was applied on a line but 
in each case the ultimate strength of the washer was so 
much less than when applying the loads by a nut that the

made to determine this.
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Some Practical Designs

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 
sauare washers. The ultimate strength of the washer 
was observed to be actually less for a square washer than 
T a round one of diameter equal to a side of the square 
°r On the tests on square washers the corners turned 

°neand so caused the failure of the washer. It is sup
posed that the pressure on the corners, though being 
lower per unit area, has such an increased lever arm 
bout the bolt that the bending moment in the washer is 

a ter than it would be if the corners were cut off. In 
” casc were square washers found to be of advantage. 
This'information could be applied, it would seem, to the
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ioo, which is 22 lbs. lighter than the Ogee washer for 
the same bolt.

The results have shown that the present design is 
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

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
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 % in. in height.

3. For each inch of diameter of the plate there shall 
be 1/16 in. in thickness for the spool but 
be less than 3/16 in. in thickness.

than one bolt, where the cornersdesign of plates for 
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 45% with an increase in weight of only 25% for the 
addition of the rim. The bearing at the elastic limit was 
92 lbs. 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 
lbs. per sq. in. Considering the thinness of the plate this 

However, this washer was carefully 
not be fairly compared

more
un-

were :—
1.

being all that isarea

spool shallno
was remarkable, 
made in Sibley foundry and can

similar commercially cast washer. While this design
100 and is con-

to a
for a in. bolt weighs only 53 lbs. per 
sequently economical, yet it is impractical to cast such a 
thin plate. and the design should not be considered toi 
commercial purposes. A similar washer with a y 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

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 y2 in. bolt will hold safely 2,000 lbs., the ultimate 
strength being from 6,000 to 8,000 lbs. 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 lbs.

while that for an Ogee washer for the same bolt
The

PUBLIC WORKS ON THE PACIFIC COAST.

VER and above the expenditure connected with the 
construction of the new 1,150-ft. drydock at 
Lang’s Cove, Esquimalt, B.C., the Department ot 
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 15
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 
water, will be 1,000 ft. long. The other side, and t e 
sides of the adjoining pier will be 800 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 

The time limit of the contract is March, 1910.

o
100.

per 100
is 37.5 lbs., thus showing a saving of 25% in cost, 
wood was not stretched to its elastic limit so this design 

be considered a safe and economical one.
Fig. c shows an economical design of a soft wood 

washer for a in. bolt. Such a bolt will hold safely 
4,600 lbs., and on the first design with a Jé 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 lbs- per hundred but 
the Ogee washer for this bolt weighs 100 lbs. per 
so that a saving of over 30% is effected by the use of this 

economical design.
The tests for the i-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 lbs. 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 %j-in. bolt, is 
shown in Fig. /. 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, 
sign shown would hold from 15,000 to 18,000 lbs. and as 
the safe stress on the bolt is 4,600 lbs. this is sufficiently

The washers used in the test
The

may
rubble.
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 ©art 
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 
of the outer end of the breakwater. In connection wit 
this work 439,586 tons of rubble has been dumped. The 

feet below low water, and the rubble 
200 pounds to

100,

more

ft.

foundations are 20
deposited included rocks of weight from ,
16 tons. These foundations have been levelled off ori t e 
exposed side of the breakwater for a distance of 800 t- 
from the shore. The granite blocks, weighing 15 tons, 
have been set in position by divers to a mark 500 ft. fn°tn 
the shore end and to a point 5 ft. above low water. T e 
concrete superstructure has been prepared out 300 
and the contractors are now finishing the first block 0

ft.,

this, which is 26 ft. in length. _ .
Grant, Smith and McDonnell are concentrating fl 

their work on pier No. 2. The western side of the P*eI 
is to have a length, as stated, of 1,000 ft. and rubble f° 
the foundation of this face has been dumped to give a

The Inst foot of the

The de

strong for all purposes.
broke radially under a load of 1,820 lbs. per sq. in. 
weight of the washer shown in the design is 50 lbs. per depth of 34 ft. below low water.
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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

MAINTENANCE OF EARTH ROADS *

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

of the pier, which is to be 800 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 dry dock 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 100x35 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 

It is expected that the pair will be

N the consideration of this subject, it is presumed that 
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 
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 
suitable construction material used, and in case of a lax 
system of construction, a more elaborate system of main
tenance must be adopted.

I
con-

extensive progress, 
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

Work on the

un-

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. 
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

that of the building at St. John, N.B. 
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, occupying a site 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.

At Little Saanich mountain, near the city, an astro
nomical observatory is soon to be built to house a 73-tn. 
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 
pleted, represent a total investment of nearly $3,000,000 
in Parliament Square. Some of the extensions have al
ready been occupied by the various departments. The 
provincial goal, five miles out of Victoria, has just been 
finished, and the Normal School for Vancouver Island, 
situated at Mount Tolmie, overlooking the city, will be

Very large works are 
on the old Songhees

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 
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

corn-

finished at the end of this year, 
contemplated by the government 
Indian reserve, which lies in the heart of the city. The 
Canadian Pacific Railway has constructed its terminals 
there, except the depot, while the Canadian Northern 
Pacific Railway also plans to erect for its island line, a 
depot connected with the Canadian Pacific Railway struc
ture, the two joined to the city by the new budge and a 
road through the reserve. To protect the area from 
erosion the two governments are co-operating on building 
a revetment wall costing $150,000.

most

*Read at Fourth American Road Congress, Atlanta, 
Georgia, November 9-14, 1914.
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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

For bolts of less than in. in diameter 
forcement of the washer is necessary ; a flat plate large 
enough to provide sufficient bearing 
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 % in. in height.

For each inch of diameter of the plate there shall
spool shall

than one bolt, where the cornersdesign of plates for more 
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 45% with an increase in weight of only 25% for the 
addition of the rim. The bearing at the elastic limit was 
gz lbs. 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 

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 
lbs. per sq. in. Considering the thinness of the plate this 

However, this washer was carefully 
not be fairly compared

were :—
rein-no1.

being all that isarea

was

1,000
3-

be 1/16 in. in thickness for the spool but no 
be less than 3/16 in. in thickness.was remarkable, 

made in Sibley foundry and can
similar commercially cast washer. While this design

100 and is con-
to a
for a yi in. bolt weighs only 53 lbs. per 
sequently economical, yet it is impractical to cast such a 
thin plate and the design should not be considered lot 
commercial purposes. A similar washer with a % 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

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 y2 in. bolt will hold safely 2,000 lbs., the ultimate 
strength being from 6,000 to 8,000 lbs. 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 lbs.

while that for an Ogee washer for the same bolt
The

PUBLIC WORKS ON THE PACIFIC COAST.

VER and above the expenditure connected with the 
construction of the new 1,150-ft. drydock at 
Lang’s Cove, Esquimalt, B.C., the Department ot 
Public Works of the Dominion Government has 

under construction in the province improvements amount
ing to $4,500,000. The Ogden Point breakwater, 2,53° 
ft. long, is under construction by Sir John Jackson 
(Canada), Limited, and is to be finished in about 15
months. It will cost about $1,800,000. The government
has awarded a contract to thei 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 
water, will be 1,000 ft. long. The other side, and the 
sides of the adjoining pier will be 800 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 

The time limit of the contract is March, 1916-

o
IOO.

per 100
-is 37-5 lbs., thus showing a saving of .25.% in cost, 
wood was not stretched to its elastic limit so this design 

be considered a safe and economical one.
Fig. c shows an economical design of a soft wood 

washer for a % in. bolt. Such a bolt will hold safely 
4,600 lbs., and on the first design with a JJs 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 lbs. per hundred but 
the Ogee washer for this bolt weighs 100 lbs. per 
so that a saving of over 30% is effected by the use of this 

economical design.
The tests for the i-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 ^£-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

100 and

may
rubble.
The amount of quarry run and rip-rap, which, has been 
deposited for the foundations of the breakwater, is 673, z97 
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 wit 
the land excavations 54,847 tons cubic yards of eart 
and rock have been removed.

of the breakwater has been built for the 
entire length, 2,500 ft. The core consists of 233,611 tons 

The foundations on which the granite

100,

The core
more

of small rock.
blocks will be set have been completed to within. 700 .

In connection with 
The

ft.
of the outer end of the breakwater, 
this work 439,586 tons of rubble has been dumped, 
foundations are 20 feet below low water, and the rub 
deposited included rocks of weight from 200 pounds t< 
16 tons. These foundations have been levelled off on t e 
exposed side of the breakwater for a distance of 800 t. 
from the shore. The granite, blocks, weighing 15 tons, 
have been set in position by divers to a mark 500 ft. frjjj11 
the shore end and to a point 5 ft. above low water. T 
concrete superstructure has been prepared out 300 
and the contractors are now finishing the first block 0

7,800 lbs. This washer weighs only 26 lbs., per 
be considered as both safe and economical.
A design of a hard wood washer for a ^"in- k011.15 

shown in Fig. /. The plate has been increased 1/16 in. 
in thickness over the one used in the test as that one did 

: prove quite strong enough for all purposes, 
sign shown would hold from 15,000 to 18,000 lbs. and as 
the safe stress on the bolt is 4,600 lbs. this is sufficiently

The washers used in the test
The

may

ft.,

this, which is 26 ft. in length. . .
Grant, Smith and McDonnell are concentrating a 

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 f°r 
the foundation of this face has been dumped to give 3 
depth of 34 ft. below low water. The Inst foot of th

The de-not

strong for all purposes.
broke radially under a load of 1,820 lbs. per sq. in. 
weight of the washer shown in the design is 50 lbs. per
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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

MAINTENANCE OF EARTH ROADS*

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

N the consideration of this subject, it is presumed that 
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 
struction, and the cost of proper maintenance will become 
excessive.

fn 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 
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. 
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 
gested of requiring contractors on surfaced roads to 
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 
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 g-14, 1914.

of the pier, which is to be 800 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 dry dock 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 100x35 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

Work on the

I
con-

un-

that of the building at St. John, N.B. 
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, occupying a site 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.

At Little Saanich mountain, near the city, an astro
nomical observatory is soon to be built to house 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 
pie ted, represent a total investment of nearly $3,000,000 
in Parliament Square. Some of the extensions have al
ready been occupied by the various departments. The 
provincial goal, five miles out of Victoria, has just been 
finished, and the Normal School for Vancouver Island, 
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 Son ghees 
Indian reserve, which lies in the heart of the city. The 
Canadian Pacific Railway has constructed its terminals 
there, except the depot, while the Canadian Northern 
Pacific Railway also plans to erect for its island line, a 
depot connected with the Canadian Pacific Railway 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 
à revetment wall costing $150,000.

sug-
pro-com-

most
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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.

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

SUMMARY OF TUNNELING PRACTICE.

HE 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.

T
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 
Township and county roads constitute approximately 90 
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 

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 

than maintenance of State roads. As the State

of all roads.care
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-

'V'Cut TorHCHOiriG
* itJ .• •

most
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Fig. 1.—Construction in Hard Rock 
With Few Seams.purpose

roads include all types of construction, different systems 
of maintenance have been required in the different locali- 

In general, three systems have been established :
macadam and well built gravel

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 50 ft. in advance of the 

Where the material of the root 
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 
meet between the portals of a tunnel, 

summit in the tunnel, and 
the alinement and

ties.
The patrol system on 
roads, and the maintenance section system, and road 
drag system on other roads, all being under the direct 
supervision of the district highway engineer.

is assigned a sec-Under the patrol system, one 
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- 

it has proven satisfactory on macadam and gravel

man
bench.

ner 
roads.

man is 
miles of road

Under the maintenance section system, one 
given charge of a section of from 20 to 30 
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 ot 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 draggns of all 
roads under his charge, and to see that the work is dore

not
so as to put a 
where practicable 
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.



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, 
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 
10 ft. face. The bench is sometimes 
taken out in one lift. Centre holes are 
shot first, round and side holes later.

The
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Fig. 3.—Construction in Soft Rock or 
Hard Clay.

to a 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 
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 
be 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.

Bench in hard material of this kind is usually taken 
out in two lifts of almost equal weight, 
drilled from 20 to 40 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

Sub-bench is

Hampic* Cur Top- Hcao/ag
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Coast to Coast
5iiiiiiiiiiiiiimmiiiiiiiimiimiiiimiiiiiiiiiiiiiiiiiiimiiiiiiiiimiiiiiimiimiiiiiiiiiR

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, Ont.—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 
ouncves to the ton over an average width of 4 inches. It was 
located at the 140-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 140-ft. level.

Chatham, Ont.—Civic improvements this year have been 
extensive. The programme in the matter of sidewalks was 
completed last week, 
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.

Three reinforced concrete pavements

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 W'oodville 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. It is 
six miles from the city. 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 George, B.C.—The Pacific Great Eastern Railway 
has now a force of nearly 7,000 men along its route between 
Squamish and this city, and it is expected that the entire 
route will be traded before the close of the year. Track will 
extend to Ldlooet by the end of January, and it is hoped, 
to Clinton, by June. The entire line should be completed 
from tide water to Fort George by the close of next season.

Vancouver, B.C.—Traffic to the coast by way of the 
K'-ttle 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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this line has been carried onnorthwards^from the Crow’s Nest line and southwards horn 

sections will meet at the Columbia
occurred last week of Mr. John H Housser, 

the directors of the Massey-Harns Co., 
connected with the firm for 42

The death
secretary and one of 
Toronto. Mr. Housser was

Golden, and the two
River bridge. , , j:Toronto, Ont—Owing to the present unsettled condi-

whether the next session of the rro- 
extensive programme of 

m On-

years. in Montreal last week of Mr. R. C. 
staff of the George A. FullerThe death occurred 

Hadley, of the engineering 
Contracting Co.

tions, it is a question 
vincial Legislature will draft an
construction in the matter of highway improvements

much work has been done by 
of in-

announced that Mr. Fred. C. Robertson,
No-tario During the past season

the Public Roads and Highways Commission by way 
vestigation, compilation of statistics, traffic census 
and under normal conditions, legislation should shortly be 
introduced, providing the necessary machinery for carrying

It has been ,
inspector'of C.P.R. Telegraphs for Ontario, died on
vember 20th at Port Hope. .

The death occurred last week of Mr. A. E. Wilkinson, 
of the Intercolonial Railway m Nova 

in his 45th year, and was a

etc.,

traffic superintendent 
Scotia. Mr. Wilkinson was 
native of New Brunswick.

the policy into effect.
Viking, Alta.—Natural gas 

Alta., on the Grand Trunk Pacific Railway, 
been bored for the city of Edmonton, and the gas 
piped to Alberta’s capital, eighty-two miles distant 
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.

has been struck near Viking, 
The well has 

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

the Fraser River at PrinceThe vertical lift-bridge over 
George, B.C., was opened last week to permit the passage

is 100 ft. in length, and is elec- 
counter weights.

of steamers. The lift-span 
trically operated, assisted by concrete

ft. above the river. The entire bridge 
steel bridges in the Dominion, being 

twelve spans, ex-

When raised, it is 150 
is one of the longest
2 6S4 ft between abutments. There are 
eluding the lift portion. The structure rests on 14 concrete 
piers, and provides accommodation for two 12-ft. roadways 
and a 19-ft. railway right-of-way.

ROYAL ASTRONOMICAL SOCIETY OF 
CANADA.

THE

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.

COMING MEETINGS.
MEETING, AMERICAN SOCIETY OF ME

CHANICAL ENGINEERS.—The annual meeting of the 
of Mechanical Engineers will be held in 

Secretary, Calvin W.

ANNUAL
At its next meeting, on December 15th, the Society will 

be addressed by Prof. L. B. Stewart, University of Toronto, 
on “Experiences on Surveying and Exploring Expedition . 
The address will be illustrated. Mr. A. F. Miller is secretary 
of the Society, whose offices are at 189 College r e

American Society
New York, December 1st to 4th, 1914.
Rice, 29 West 39th Street. New York.

AMERICAN ROAD BUILDERS 
Eleventh Annual Convention; fifth American Good Roads 
Congress, and 6th Annual Exhibition of Machinery and Ma
terials. International Amphitheatre, Chicago, 111., Decem
ber 14th to 18th, 1914. Secretary, E. L. Powers, 150 Nassau
Street, New York, N.Y.

CANADIAN NATIONAL CLAY PRODUCTS
be held at the King Edward 

Secretary, G.

ASSOCIATION.--

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.

consulting electrical contractor, has 
Hydro-Electric System as in-

ASSOCIA-

TION.—Annual Convention to 
Hotel in Toronto, January 26, 27, and 28, 1915.
C. Keith, 32 Colborne Street, Toronto.

EIGHTH CHICAGO CEMENT SHOW.—To be held m 
the Coliseum, Chicago, 111., from February 10th to 17th, 

Products Exhibition Co., J. P. Beck, General

JAS. SHIELDS, 
been chosen by the Toronto 
spector of city wiring.

J. L. HARRINGTON, consulting bridge engineer of 
Kansas City, addressed the Victoria branch of the Canadian

its recent meeting on modern

1915. Cement
ManAMERICANa WATERWORKS'" ASSOCIATION. - The 

35th annual convention, to be held in Cincinnati, Ohio, May 
roth to 14th, 1915. Secretary, J. M. Diven, 47 State Street, 

Troy, N.Y.
SOCIETY FOR 

ING EDUCATION.—Annual meeting to be held at the Iowa 
State College, Ames, Iowa, June 22nd to 25th, 1915. Secre- 

Bishop, University of Pittsburgh, Pittsburgh, Pa.

Society of Civil Engineers at 
bridge construction.

GEO. GAUTH’ER, assistant superintendent of the Mont
real Light, Heat and Power Co., was seriously burned by 

of the plants of the Shawmigan Water THE PROMOTION OF ENGINEER-
a short circuit at one 
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 Destroyed 
during the South African War.

tary, F. L.

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.

of Calgary, general superintendent 
of the C.P.R., will, it is reported, 

of Western

D. C. COLEMAN
of the Alberta division
,„c=«d M, Gran, HU » vaca.ed by

to succeed Mr.lines, the latter advancing to 
Mr. George Bury, when Mr. Bury moves up
McNicoll.


