CITY OF HALIFAX,

PROVINCE OF NOVA SCOTIA,

REPORT

UPON

INCREASED WATER SUPPLY

AND

IMPROVEMENTS

IN THE

EXISTING WATER WORKS SYSTEM

OF
HALTFAX, IN. S.
: BY

WILLIS CHIPMAN, C. E., Toronto.

ToroNTO, Ont., February 11th, 1907.

To the Mayor and Council of the City of Halifax :

GENTLEMEN :— As the full Report is necessarily a somewhat
lengthy document, I propose to give at the outset a summary of the
conditions now existing, the conclusions at which I have arrived
from a study of the problem, and my recommendations.
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i

The City of Halifax has to-day the largest per capita consumption,
the lowest pressure, and the weakest fire supply of any Canadian City
with which I am acquainted, and considering that a large precentage
of the buildings are of wood, your preservation from a disastrous
conflagration has been nothing less than miraculous.

I sincerely hope that the pumping station recommended may be
completed before your are scourged by a fire that may destroy
property the value of which might be many times the cosi of the

improvements proposed,

This may be the most fitting place in which to thank yoar City
Engineer and his staff for the cordial manner-in which they assisted
me when in Halifax, and for their trouble in compiling data for this

Report.
Thanking you for your patience I beg to remain,

Very respectfully yours,

WiLnis CHIPMAN,
C-vil and Sanitary Engineer.
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PREFACE.

SUMMARY OF CONDITIONS AND CONCLUSIONS.

1. Long Lake and Chain Lakes may be depended upon to yield
10,000,000 gallons per day to the Low Service District, during an
ordinary dry season.

By raising the waste weirs another foot an additional supply of
1,000,000 gallons per day might be impounded for the summer
months, .

2. The two large conduits from Chain Lakes w ean can
convey 10,000,000 gallons per day by gravity to th
District, with the lakes at thzir lowest stages.

An additional supply may be drawn from jthe lakes through
either of the conduits for short periods for fir

3. The Spruce Hill Lake watershed yields 2000,000 gallons per
day in an average year, and may ibly for a dry year, but the
storage capacity cannot be i S

4. The conduit f Spruce Hill Lake to the High Service
District is now taxed its full capacity, the flow frequently
exceeding a rate of 2,500,000 gallons per 24 hours,

5. The daily consumption during the entire year has not yet
been determined, but the maximum exceeds 11,500,000 gallons, or
over 300 gallons per consumer, the most extravagent consumption
on record, and more than double what should be used.

6. Owing to the enormous waste of water, proper fire protection
cannot now be given to the business portions of the City in the Low
Service District, or to the High Service residental district. The City
is practically without fire protection,

7. The supply would be ample for all the requirements of the
City, if efficient means were taken to curtail waste.

8. Of the 11,000,000 gallons of water conveyed to the City,
about 3,000,000 gallovs represents legitimate consumption ; 4,000,000
gallons, leakage from mains and services; £,000,000 gallons, leakage
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from plumbing fixtures; 2,000,000 gallons carcless waste by
householders.

9. The leakage from the mains and services may be considered
as not immediately controllable, dve largely to the fact that in the
oldest parts of the system, and the lowest parts of the City, the mains
are jointed with wooden staves. As the old mains are replaced by
new pipes this leakage will decrease.

10. Defective plumbing is responsible for a large precentage of
the uncontrollable waste. For fifty years after the construction of
the original water works system the plumbing in the City was not
regulated by By-law. The Plumbing By-law passed in 1896 should
be revised, brought up to date, and made retroactive.

11. In gravity systems with flat rate tariffs, the citizens are as
a rule, careless and extravagant in the use of water, but this waste
can be stopped.

12. By adopting meters the consumption may by reduced at
the rate of about 500 gallons per day for each meter set, ultimately

reducing the daily conéumptiou from 11,000,000 gallons per day to
8,000,000 gallons,

13. By metering the domestic services, there will remain an
ample supply for the fire service, but additional large mains should
be laid to convey about 4,000 gallons per minute to the warehouse
and business districts in the low service areas.

14, In the high service district, the consumption may be
reduced to a maximum of 1,500,000 gallons per day by meters,
which will leave about 1,000 gallons per minute for fire supply in
the lower parts of the district or five fire streams.

15. By erecting a water tower on Shaffroths or Hungry Hill.
the pressure in the High Service District may be equalized. This
reservoir is desirable, but not essential,

16. By the installation of a pumping plant on the 27 inch
conduit line, the normal flow into either the low service district or
the high service district may be increased as desired for fire supply,
but steam fire engines must be relied upon to give the necessary
pressure as at present. L)
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17. An independent high pressure sea water system for fire
protection would be too expensive and would not improve the
pressure or the supply outside of the area served.

18. The necessary improvements and additions recommended,
will involve an expenditure of not less than :$225,000, nor more than
$350,000,

19. The additional annual charges will be between $30,000 and
$40,000,

20. By adopting a meter rate for all consumers not exceeding
the rate now charged for the largest users of water the annual
revenue will be sufficiently increased to meet the annual charges due
to the improvements recommeded.

21. In Halifax it is either meters, or an additional supply from
Birch Cove Lakes, with many additional large distributing mains,

WiLLis CHIPMAN,

, Civil and Sanitary Engineer.
Toronto, Ontario,

February 11th, 1907,

RECOMMENDATIONS.
1. Set meters upon all water.services, commencing the work in
the lowest parts of the City.

2. Revise the Plumbing By-laws now in force and make the
same retroactive,

3. Replace some of the smaller pipes now laid by large fire
supply mains more particularly in the business districts.

4. Instal pumping machinery of large capacity for fire protection
on the line of the 27 inch conduit near Kempt Road.

5. Erect a Water Tower on Hungry Hill to equalize the
domestic pressure in the High Level District.

WiLLis CHIPMAN,
Civil and Sanitary Engineer.

Toronto, Ontario, February 11th, 1907.
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CITY OFHALIFAX,
PROVINCE OF INovA ScoTIA.

Report Upon Increased Water Supply and Improvemeats in
the Existing Water Works System.

BY

WILLIS CHIPMAN, C. E.

ToroxTo, February I1th, 1907.
To His Worship the Mayor and
Members of the City Council :

GENTLEMEN :—In February, 1905, I received your instructions
to examine the Water Works System of the City of Halifax, and
make recommendations towards the betterment of the same. The
snowfall in March was so exceptionaly heavy that my first visit
was deferred by request until the last week in April.

INSPECTION,

The civie elections were being held un the day of my arrival,
April 26th, 1905. During the following days I inspeoted the
existing sources of water supply, and several lakes that had been
suggested as possible sources for supplementing it, including Pock-
wock Lake. :

From May 1st to May 6th inclusive I was engaged in collecting
data, examining plans, testing pressures, ete.

After consultation with the Mayor and the City Engineer, it was
considered advisable to delay my report until meters had been
placed upon the three main conduits that supply the City, plans and
profiles prepared of these conduits, and also a general plan made
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showing the lakes and streams within a reasonable distance of the
City.

I afterwards requested that the elevation to Birch Cove Lakes be
determined.

Three Venturi meters, each with recording apparatus were ordered
in August, 1905, one 14 inch, one 24 inch, and one 26 inch, The

14 inch meter has been in successful operation since February, 1906,

but the two larger meters were not set until November, 1906.
In June 1906 I again visited Halifax, on which occasion I

inspected Birch Cove Lake, also the “divide” between Pockwock

Lake and Tomahawk Take to determine the possibility of diverting
the water of the former lake into that of the latter,

HISTORICAL.

A brief historical sketch of the Halifax Water Works System
may be of some value for reference. :

In the year 1846, Jas. B. Uniacke, Esq., and others organized a
company, and an agreement was eutered into for supplying the City
with water from Long Lake. In the same year construction com-
menced, and the original works were completed in the following
year. A dam was constructed at the south end of Long Lake and a
conduit constructed to Chain Lakes. Another dam was built at the
outlet of lower Chain Lake and a 12 inch cast iron main laid tc the
City. The capacity of the main was assumed to be 700,000 gallons
per day. In 1854an additional 15 inch main was laid, increasing the
supply to 2,000,000 gallons per day.

In 1860 when the population of Halifax did not exceed 30,000,
Jas. Laurie, C. E. was engaged to report upon different proposed
schemes for increasing the supply. As‘a result of his investigations,
he recommended that a conduit be laid to Ragged Lake for a high
service gravity system,

In 1861 the works were purchased by the City, and in the
following year the 12 inch conduit was replaced by the 24 inch
main now in use.

In the years 1863, 1865 and 1866, several reports were received
from various Engineers, and certain surveys were made, as a result
of which it wds decided to adopt Spruce Hill Lake for the high
service supply instead of Ragged Lake.

- In 1868 the high service works were added, the 15 inch main
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being disconnected from Chain Lake and extended westerly to
within one mile of Spruce Hill Lake as a 15 inch pipe, the remaining
portion being a 20 inch pipe,

For nine years the supply was ample and satisfactory. In 1877
the Long Lake dam was raised several feet, thus increasing the
storage.

" The first scraping of conduits was done in the year 1881 upon
the advice of Mr. E. H. Keating, then your City Engineer. This
increased the pressure but not permanently.

In 1886 the dam at the foot of the Lower Chain Lake was
repaired and altered the dam between the two Chain Lakes repaired,
and the conduit connecting Long Lake with Upper Chain Lake
lowered.  Nothing further was done until 1892, when the dam at
Long Lake was raised two feet to its present elevation, but the waste
weir was not changed.

In the year 1893, the twenty seven inch cast iron conduit pipe
was laid to Chain Lakes from the northerly part of the City, and in
the next year the dam at Chain Lakes was rebuilt.

CHAIN LAKES AND LoNG LAKE.

The two Chain Lakes, Upper and Lower, originally discharged
easterly through a small stream into the head of the North West
Arm, west of the City, the flow being sufficient to operate a small
mill at the Arm, Long Lake, which lies a mile south from Chain
Lakes, discharged southerly. When these lakes were decided upon
as the source of water supply, a dam was built at the south end of
Long Lake, and the flow diverted through a conduit 1400 feet in
length to Upper Chain Lake. A dam was also built at the outlet of
Lower Chain Lake, and another between the Upper and Lower Chain
Lakes.

The dam at the foot of Long Lake was raised in 1877, in 1892,
and in 1905. In1886 the conduit'from Long Lake was rebuilt, and
the Chain Lake dam raised, flooding the dam at the outlet of the
Upper Lake, :

In 1894 the Chain Lake dam was rebuilf, the elevation of the
waste weir now being 206 feet above sea level.

By an agreement with the mill owners at the Arm, a cert.am
minimum quantity of water is diverted from the lakes for the mill:

The watershed and water areas of these lakes are as follows :—
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Watershed Water Land

acres. acres. area,

Long Lake ...ccoovenncnne 2 reveninas 3,551 453 3,093
Chain Tiakes cviceives snsipsins sus e 873 90 783
R obalS e e vials oo ti s aon et 4424 548 3,876

These lakes will store about 700 millions of gallons of water,
allowing the water to be drawn down five feet, or 1,000 millions if
drawn down nine feet,
Assuming the lakes full to the elevation of the crest of the waste -
weirs, the available storage would yield an average of nearly three
millions of gallons per day to the City for the entire year, or four
million gallons per day for nine mounths. For three or four _
months of every year, water is wasting at the weirs, the yield exceeding
the demand. ‘
SPRUCE HILL LAKE,

The high level service from Spruce Hill Lake was introduced in
1868, The waste weir at this lake is at elevation 363.34 above the
sea, and the watershed contains 1,009 acres, of which 224 acres
represent water surface.

Since the construction of the dam and embankments at the outlet
end of this lake, it seldom overflows. The lake will store about 60
millions at waste weir level for one foot in depth, and probably 45
millions at a depth of six feet below the waste weir. The total
available storage may be taken as 300 million gallons, which would
give an average of 800,000 gallons per day for a year.

PRECIPITATION AND YIELD,

The rainfall and melted snow together make up the precipitation.
Observations have been recorded year by year, at the Halifax
Meterological Observatory since 1869, and at the Lakes by the
Water Works Department since 1879.

The average precipitation at Halifax from 1869 to 1904 inclusive
was 58,3 inches varying from 45.80 inches in 1894 to 69.86 inches
in 1896. At the lakes it was slightly greater.

In 1860 a rainfall of 39.51 inches was reported, but it is doubt-
ful if this record be correct, although the scarcity of water that year
lead to the purchase of the Water Works from the company by the
City in the following year.
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The determination of the percentage of the precipitation that runs
off from a given watershed is a complicated problem, depending upon
the character of the watershed, its slope, the proportion wooded, the
water areas, the distribution of the precipitation throughout the months
of the year, etc. Rarely is it possible to store the entire runoff,
owning to great variations in the precipitation and fto the great
increases in flow due to thaws, which may suddenly convert
accumulated snow to water,

Fortunately careful observations have been taken for years by
your Water Works Department, of the elevations of the water in
Long Lake and Sgruce Hill Lake, and the surplus overflow has also
been estimated,

In 1905 the precipitation amounted to 51 inches. In this year
Long Lake was overflowing during April and May, and on November
1st it had been drawn down to the lowest limit, or nine feet below
the waste weir.

In five months the City had therefore consumed about 1,000
million gallons stored, also that part of the rainfall not evaporated or
absorbed during this period.

Assuming that one third of the rainfall during this period on the
land surface was impounded, this would give a depth of about six
inches on 3,875 acres, or 500 millions of gallons. Adding this to
the storage gives a total of 1,500 millions in five months.

The evaparation from the water areas of the Lakes would probably
exceed the rainfall during these months,

It is now known that nearly ten millions of gallons per day, or
approximately 1,500 millions were conveyed from the Lakes to the
City during these five months.

In 1905 the Spruce Hill Lake was lowered six feetm six months,
during which period the rainfall was 18} inches.

Assuming that one third of the rainfall was impounded, or say
six inches of the rainfall, this would yield 120 millions on 885 acres
of land. Adding this to the quantity stored, gives a total of 420
millions of gallons

During this period about 2} millions of gallons were conveyed
to the high level district daily, which gives 410 millions for six
months, a close agreement.

It follows from the above that the runoff during the summer
months of a dry year from one thousand acres of wild land in the
vicinity of Halifax, amounts to over 2,000,000 gallons per day.
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CoNDUITS,

From 1847 to 1855 the City was supplied by one 12 inch main
from Chain Lakes.

About 1855 a second conduit was laid 15 inches in diameter
alongside the 12 inch, both being used until 1862, when the original
12 inch was replaced by the existing 24 inch pipe.

In 1868 the fifteen inch was utilized for the high service by
continuing it to Spruce Hill Lake.

In 1894 the new 27 inch conduit was laid to improve the low
service,

During low water in Long Lake the 24 inch conduit when clean;
should deliver about 5,400,000 gallons per day at St. Andrew’s Cross-

Deposits and incrustations within the pipe, however, materially
reduce this, and it would not be safe to estimate upon more than
5,000,000 gallons as its capacity.

The new 27 inch conduit if clean should also deliver 5, 400,000 gal-
lons at Kempt Road and Young Street during low water, but as this
pipe has pot been cleaned since it was laid, its capacity is now only
about 5,000,000 gallons. Cleaning will increase this to something
between the two amounts,

The 15 inch pipe at low water, should, when clean, deliver
2,000,000 gallons per day at a sufficient elevation to reach the attic
floors in residences on Willow Park Hill, but frequently during recent
years, these buildings have been without water, due to excessive
consumption, or to the fact that the conduit was not clean.

Under the most favorable conditions this conduit would convey
3,600,000 gallons per day, or 2,500 gallons per minute to steam fire
engines drawing from fire hydrants on Quinpool Road or vicinity,
but this draught would leave nothing for domestic supply.

The combined capacity of the three conduits at low water may
be taken as 12,000,000 gallons per day, or 8,333 gallons per
minute,

With the Lakes standing at the elevations of the waste weirs, the
carrying capacity of each conduit would be slightly increased.

Syphonage over the higher points of the conduit lines within the
City, may also cause a temporary increase in the discharge of the
conduits.

It is a remarkable fact that discharges of the 24 inch and the 27
inch conduits are now practically identical.

RECw
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QuaLiTY OF WATER.

In October 1605 samples of water taken from Long Lake, Spruce
Hill Lake, and from two taps in the City, were analyzed by Prof. E.
MacKay of Dalhousie College, Halifax, the results being as
follows :—

SAMPLE OF WATER TAKEN FrRoM LoNG Lakg, Oct. 6TH, 1905.

Constituent, Parta per Million. Remarks,
Free Ammonia.....ccc covvanses .01
Albuminoid Ammonia........ 222 Very high.
Chlorine . L Stsesosin AL 0D High,
Nltroaen as Nltra.te ceeees 425
Nltrogen as Nitrite...... ...... .
Required Oxygen........e.u-. 9.870 Very high. |
Hardness ......... P 12.8 Low. !

Total Sqlids PR T R [ 1)

SAMPLE OF WATER TAKEN FrRoM F. W. W. DoaANE’S RESIDENCE,

Free AmMmonia..ceeeeececeenaess N4
Albuminoid Ammonia........ 224 Very high.
Chlorine ...isiies sasivinsnrisgsss L0.9 High.
Nitrogen as Nitrate .40

! Nltrooen as Nitrite...ouvitvn
Required Oxygen ...ccoeerunnns 9.80 Very high.
HEATINEES: (aiinse vt aan saspiicn 13.4 Low,
Total Solids. cevvnmssenrassssssanl A0 0

SAMPLE OF WATER TAKEN FroM SPrRUcE HiLL LAkE, Ocrt. 6TH, 1905.

Free Ammonia...cee seceensense 026

Albuminoid Ammonia........ 120 High.-
ChIOTINE cvessusiiveiionisssaaveve: v+ 1050 High.
Nitrogen as Nitrate..........-._ .30

Nitrogen as Nitrite ....ceeues

Required Oxygen.. ir
Hardness seeeeseerenreenes senins 14.1
Total Solids .eeeee coeserse eeeesa103.2

6

w

Very high.
Low.
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SAMPLE OF WATER TAKEN AT DALHOUSIE COLLEGE, OcT. 10TH, 1905.

Free AmMmonia..coseeeasanenss . . .020

Albuminoid Ammonia.. ... .124 High.
Chlorine; et sion s 7.8 High.
Nitrogen as Nitrate............ .300

Nitrogen as Nitrite..coce ceuees

Required Oxygen.............. 9.60 Very high,
Hardness!t, nizes e isady dntaoes 14.1 Low,

Total Solids «.eeevevevenns ... 107.9

Mr. Doane’s residence is supplied from Long Lake, and Dalhousie
College from Spruce Hill Lake.

Prof. MacKay reported as follows :—

“The quality of the water which had passed through the Clty
mains was found to be essentially the same as that taken directly
from the lakes.

All samples had a somewhat yellowish tint due to disolved
vegetable matter., Of the total dissolved solids more than 70 per
cent was found to be of vegetable origin, The amount of vegetable
matter is relatively large, and to this is due the high values found
for Ammonia,

Our analyses showed all samples to be wholly free from indications
of essentially injurions constituents or contamination.”

From a sanitary standpoint, bacteriological examinations of the
water, would have been of more value than chemical analyses.

* Algea and allied organisms exist in all upland waters, and if in
too large numbers or quantities, their death and decay may impart
to the water, unpleasant tastes and odors, and may cause diarrhoeal
diseases.

Your Assistant City Engineer Mr. H. W. Johnston, has complled
such data as are available respecting this matter,

Previous to 1876 the Spruce Hill supply was frequently offensive
but in that year the water was lowered, and the Lake cleaned out,
the stumps, logs, brush etc., being removed. Long Lake was cleared
of timber, marshland, etc., in 1877 when the dam at outlet was
raised.

From 1878 to 1883 inclusive, a fresh water sponge ‘caused
trouble at Chain Lakes. It was cleared out in 1883, since which
time it has not given trouble. :
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The common microscopic plant known as Trichormus flos aqua,
has oceasionally imparted a bright green color to the water,

In 1885 a peculiar gelatinous growth appeared that choked the
screens at the inlets to the conduits,

Frequent microscopic examinations should be made of your water
supply as delivered at the taps in the City, to guard against sudden
pollution from decaying organisms chiefly vegetable. This organic
matter becomes proper food for various bacteria, and as a further pre-
caution, bacteriological examinations should also be made and results
recorded.

There is no possibility of the City’s water supply becoming
contaminated by sewage and as the watersheds are almost entirely
rocky wildland with few swamps, there is no probability of farm
drainage polluting the supply.

The chance of local pollution at the screen chambers, or in the
vicinity of the inlets to the conduits, may be remote, but the gate-
keepers should be ever watchful,

The Halifax and South Western Railway follows the north shore
of Chain Lakes from the outlet for a distance of about one half a
mile west. There is more danger from section men and from navvies
working on the road, than from passenger and freight trains.

On the whole, the quality of the Halifax water supply is excellent
one of the purest and best in Canada, but occasionally it becomes
surcharged with minute vegetable organisms that impart to the
water an offensive taste and a slight odor. By studying the con-
ditions favorable to their development, and the exercise of proper
precautions, this source of objection may be almost entirely eliminated.

The Halifax water has a decided amber tint, not so dark as the
Ottawa and other Laurentian Rivers, nor as transparent as the St.
Lawrence. It is remarkably soft and therefore rapidly attacks
unprotected iron, forming incrustations and tubercular nodules within
cast iron pipes, if they be not perfectly covered with a tar or asphalt
coating,

SCRAPING MAINS,

In 1880 a 12 inch mechanical seraper for removing incrustations
from the interior of water mains, was imported from Scotland, and
in the following year the 15 inch and the 24 inch conduits were
scraped, with the result that the average pressure was increased |
by nearly 20 pounds at the fire hydrants, but the higher pressure




REPORT ON WATER SERVICE.

increased the leakage, and the incrustations commenced again
immediately.

For several years past, the 15 inch conduit has been scraped in
May, September and November, and the 24 inch in November.

From 1881 to 1904 about 223 miles of pipes have been scraped
at a cost of only $8.00 per mile. Before being scraped for the
first time, twelve inch mains were found reduced to a diameter of
ten inches, and four inch mains to two inches.

A chemical analysis of the materials removed from the mains by
scraping, gave the following results *—

“We have made a careful apalysis of the sample of powder
received from you, and report as follows:—

Oxide of Iron (Ferric Oxide)......oeuveees 75.507

Oxide of Iron (Ferrous Oxide) ............ 0.907
Oxide of Alumina (A1203) ceenes 2,487
Bock matter...ihVid S i iteiienes soverinss . 1.927
Lime; (Ca0) oo il il i revnine 0.487
Magnesia (Mg0)... Shaynmenant LGS
Sulphurlc Anhydllde (SOS) sisn g AN S,

Moisture at 212 deg. Fahr. .......ccovveeee 7.327
Organic Master by ignition...ceeees ceveee 10.387
Differenos .ol osveessivone e 0.167

100.00%

We do not think that the above could represent the mineral
matter contained in a water “ Unless it was drained from a Hematite
Iron deposit ” and that the oxide of iron must have originated from
the corrosion of iron pipes.”

Yours truly,

Tros. HEys & Son,
CuarLEs H, HEYs
Mgr.
EXISTING SYSTEM,

The greater part of the city, including the commereial and
manufacturing districts, is supplied by gravity through two large
conduits, 24 inch and 27 inph in diameter, from Chain Lakes and
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Long Lake, which now stand at the same elevation, 207 feet above
tide. This is the low service system,

The higher portions of the city, principally residential, are
supplied by the 15 inch main from Spruce Hill Lake, this lake
having an elevation of 363 feet above the sea.

On the low service system there are 19,000 consumers, and on
the high service 16,500 or thereabouts, a total of 35,500 out of a
total population of 42,000,

TEE PIPEAGE WAS AS FOLLOWS IN APRIL, 1905 :

Diameter. Conduits, Distribution. Totals.
27 inches 14,560 feet 14,560 feet
24 & 13,200 -« 7,324 feet 20,524 «
20 L4 6. 712 .4 6,712 <«
15 ] 29,488 « 14,748 « 44236 «
12 i ] ST.200; - 37201 = %
9 ) 43127 « A3.125 «
8 by 415 -« 415
6 “* 136,296 « 136,296 «
4 . 33,272 1 & 33,272 «
3 < 30,653 « 30,653 «
Less than 3 in, 898 « 398 «
Totals ...vvvren.... 63,960 feet 303,934 feet 367,894 feet

I have assumed that the 15 inch and 24 inch conduits end at
St. Andrew’s Cross, and the 27 inch conduit at Gottingen Street.
This gives a total of nearly 70 miles of piping.

There were set on the system at the date above given 424 fire
hydrants and 598 gate valves on mains over three inches in diameter

SERVICES.

When the works were taken over by the City in 1861, the
population was about 30,000, of whom it was’estimated that 19,000
were water takers consuming 1,500,000 gallons per day through
1,000 service pipes. Practically all of the service pipes were of cast
iron three fourths of an inch in diameter,. :

In 1862 about six and one half miles of these cast iron services
were replaced by lead pipes, the standard being half inch.

At the present time there are about 7,000 services laid, of which
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about 300 are “ dead,” leaving 6,700 inuse for 35,400 consumers,
or 5.28 persons per service.

The total population of the City is now given as 41,400 but is
probably 42,000 of whom 6,000 are not supplied from the Water
Works System. Service pipes are being laid at the rate of about
100 per year during the last two years.

The growth of the distribution system from 1895 to 1905 has
been as follows :

Sizes Mains. 1895. 1899. 1902. 1905.

24 in. and 20 in...... 7,324 7,324 7,324 7,324
15 in. and 12 in...... 51,5631 51,949 51,949 51,949
9 in, and 8 in........ 30,183 42,816 43,5642 43,542
b NG SRR e 9505 122,568 131,559 136,296

Al SR gl ey 19,415 20,540 33979
3 in, and less ........ 46,342 47,341 45,623 31,551

Total feet............... 245,569 291,413 300,537 303,934

The yearly extensions before 1899 were greater than since.

There has been practically no increase in the large mains,
24 in., 20 in,, 15 in. and 12 in.. since 1893. The nine inch was
extended 40 per cent. between 1895 and 1899, but very little since
that date. The greatest increases are in the four inch and six inch.
During the last few years three miles of pipe of a diameter of three
inches and less has been replaced by larger sizes.

The high service district covers an area but slightly less than
the low service district. The total length of mains and population
served in each district is approximately as follows :—

District. Miles. Fire Hydrants. No. Service Pipes. Pop. served.
T oWiasiorncesioecus 34 250 - 3,600 19,000
High ooeicueiioannass 23 175 3,100 16,400
Totals....... R 57 425 6,700 35,400 .

Previous to the year 1890, all the pipes three inches and
four inches in diameter were laid with leaded joints, and all pipes
larger than four inches with wooden stave joints.

In 1890 turned and bored joints were adopted for all mains four
inches and greater in diameter.
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METERS SET.

In the year 1895 there were installed 147 meters, which number
has been increased year by year, until there were 493 set in 1905,

The following schedules give the number of each size of meter
set in each year from 1895 to 1905 inclusive.

S1zes oF METERs,

Year. 6 4 3 2 13 13 1 2 1 Totals
1895...1 12 18 4 1 3 9 30 69 147
1896...2 12 -'1I7 5o 213 41 99 193
I897...2 14 18 Wi o, 3 13 40 181 280
1898...2 13 16 8. 2 2 14 43 132 282
189Y9...3 9 1 321 T 26T 42 193 298
1900...3 8 21 G=-=b 2 20 39 191 295
1901...3 7419 7T 4 27720 42 207 311
1902...4 9 .20 10, .4 4 21 42 206 320
1903...4 9 16 16 2 5 21 37 217 327
1904...4 9 =016 Y nid 4 20 44 229 348
1905...4 9 16 17 b 4 26 65 347 493

In 1904 the 348 meters, set, were of the following kinds:—
Siemen, 244 ; Trident, 98; Beck, 1; Crown,2; Empire, 1 ; Neptune,
1; Indicator 1,

It will be observed that in the year 189Y eighty six meters were
set, and in 1905 one hundred and forty five, both dry years ; but the
large number set in 1897 was chiefly due to the fact that in the
years 1896 and 1897 a greater number of services was laid than in
any preceeding or succeeding two years.

The Schedule following gives the number of services laid each
year since 1894, the quantity of water metered, and the amount
collected for the same. ;







