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TORONTO WATER.

WESTMINSTER, January 8lst, 1896.

To His Worship the Mayor and Members of the Council of the Corporation of the
City of Toronto:

(GENTLEMEN,—

On the 10th September, 1894, I had an unofficial visit from Mr. Aiderman
Shaw at my Chamhers in Westminster when the question of public water
supply generaiiy was taiked over, and at his request I had the pleasure of
informing him about some of the undertakings I had then In hand and on
the work of the Royal Commission which had recentiy reported upon the
supply of water to Greater London and of which I had been a member.

At the same time Mr. Shaw expiained to me the character of the works
now furnishing water to Toronto from Lake Ontario by pumping, the rising
of the pipe on Christmas Day in 1892, and the alternative suggestion for
obtaining water by gravitation from Lake Simcoe.

At the close of this interview Alderman Shaw asked me it I would write
him as to the probable cost of such an alternative scheme in a broad general
way, and if not if I would state the fee I should require for visiting Toronto,
Investigating the whole matter, and reporting thereupon.

As the result of this conversation I wrote him my ietter of the 16th
November, 1894, which has heen before you.

I heard nothing more of the matter (except an acknowiedgment of mine
ahove referred to) until the 15th of September, 1895, when I recelved a call
from Mr, Coady, the City Treasurer, bringing a telegram from Mr. Shaw
enquiring if I would visit Toronto immedlately and asking my fee for so
doing.

Mr. Coady expiained that the plpe had again floated to the surface in
the Harbour and that there was considerahle excitement in the City in
consequence of the foullng of the water, which was the inevltable conse-
quence of such an accident.

It was qulte Impossible for me to leave England immediateiy hecause of
Important work whlch had to he arranged In connectlon with the deposlt of
plans for the next session of Pariiament, and because 1 had several uncom-~
pleted reports in hand which must be cleared off if I were to be absent for
some weeks,



These matters and the time occupied in finally arranging terms delayed
my departure from London until the 2¢6th October, and my arrival in
Toronto nntil Saturday, the 2nd of November.

On Monday forenoon, the 4th, I had an interview wlth Mr. Keatlng in
bis office, when he described generally the exlsting arrangements, and in
company with him, Mr, Fellowes, and my son 1 visited and traversed the
Island and inspected the Pumping Station.

In the afternoon I attended a meeting of the Special Committee appointeqd
to confer with me, and read, and subsequently handed in, a statement which
1 had prepared setting forth the information I desired to be supplied wlth in
addition to that mentioned in my letter of the 16th November, 1804, which
had been repeated In one sent to Mr. Coady to Liverpool, dated October
1st, 1895.

At that meeting it was arranged at my request that I might be put inio
direct communication with your officials in all departments, so that time
might not be lost in passing eyerything through the hands of the Com-
mittee, and this was a great convenlence, for almost on every day during my
stay I had occasion to trouble one or other of these gentlemen, from all of
whom | may here state I received immediate and most courteous attention.

From that day forward to the time of my leaving on the 20th November
I was engaged in acquiring information on the subject matter of the refer-
ence to me, and I was agreeably surprised to receive the major part ot the

documentary evidence, malnly from your Engineer’s office, with less delay
than I had reason to expect.

Meanwhile I paid two visits to Lake Simcoe, going on the first occasion
to the north or outlet end near Orillia, and on the second to the south and
east.

We were exceedingly fortunate on the latter of these excurslons In get-
ting the loan of Mr. E. B. Osler’s steam launch which was about to be laid
up the very next day. But for his kindness in allowing us to use this hoat
much more tlme would have been spent and inconvenience incurred in
seeing all the southern shore to the east of Black River, the lake as far
as the north end of Georgina Island, Cook’s Bay, and the lower end of the
Holland River.

I also inspected very carefully the southern slope of the range of hilis
lying between Lake Simcoe and Toronto, especlally the watershed areas and
small lakes whilch Messrs. MacAlpine and Tully recommended as a source of
supply for Toronto in their Report of Febrnary 14th, 1887,

On the Sth of November | went through the western entrance to the
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Harbour on a trip with your Engineer along the Humher Bay to near the
mouth of the Humber River and Mimico Point, then back by the existing
intake south of the lsland and on to Scarborough Heights, and on the fol-
lowing day We went along the new cut which has recently been made from
the Harbour to Ashbridge’s Bay.

N In addition to these inspections I visited Resehill Reservoir and the
High Level Pumping Station, and acquainted myself generally with the area
embraced within the City boundaries, and 1 had interviews as ocecasion
required outside the Engineer's department with Dr. Sheard, your Medical
Officer, Professor Shuttleworth, Mr. Maughan the Assessment Commissioner,
Mr. Coady and others.

Before leaving 1 had also a second meeting with the Special Committee,
and reported that the information they had instructed your officials to place
at my disposal had practically all heen provided, and that 1 had arranged for
the remainder to be forwarded to me, if possible to New York, during the
week which would elapse between my leaving Toronto and sailing, so that
{ might have the opportunity of writing without loss of time if anything
further were needed.

That meeting was attended by Mr. Macdonald, the Secretary of the
Georgian Bay Canal Company, who handed me some papers and who after-
wards showed me at the office of his Company, a plan of the Canal and a
model of part of the country lying between Lake Ontario and Lake Simcoe.

Mr. Macdonald was also good enough to give me a copy ot the Charter ot
the Georgian Bay Ship Canal and Power Aqueduct Company of 1844, and to
lend me a report of Mr. Kivas Tully’s on the route of the Canal, dated 1858,
which 1 made some notes from and returned to him the following day.

Having cleared away these preliminaries, 1 am now In a position to deai
with the probtem upon which my advice has been sought, viz.:—

“What is to be in the future, the smuce of the water supplied to the people of
Toronto?"”

The atternatives are as you know:—

1. Lake Ontario .. .. .« .- .. .. .. ..Pumping.
2. l.ake Simcoe L e e L DS G vitation!,
3. Oak Ridge lakes and Rivers Don and Rouge. .Gravitation.

Other sources have been mentioned and are referred to in Mr. Keating’s
fteport of October 30th, 1893, which 1 will describe as supptementat rather
than alte;nafirve. becanse it cannot be contended that these sources would be
adequate to provide the whole ot the water required in Toronto for all time,



These are:—

(n) Wells sunk in the gravel beds north of the City.
(h) Springs and artesian wells in the Township of Erin.

(@) With regard to the first of these supplemental sources, I fonnd that
some correspondence had passed between Messrs. O'Brian and Ganlt and
Mr. Keating abont the time of my arrival in Toronto, and on the 14th of
November I requested Mr. Keating to ask these gentiemen the three follow-
ing questions, viz,:—

1st. How muech water are you prepared to supply to Toronto ?
2nd. At what level would it be delivered ?

On the 20th November the following reply was received by Mr. Keating,
and handed to me.

Toroxro, November 20th, 1895,
DEar SiR,—
Re BRIAR HILL WATER SUPPLY.
‘We have yours of the 14th Instant, and we beg to enclose you herewlth
a memorandum briefly stating the facts regarding this project. 'To answer
your questions seriatim:—

(@) It is conlidently expected that a supply ot at least two millions of
gallons per day can be delivered, and possibly much more.

(b) The level at whlch the water would leave our premises is approxi-
mately 200 feet above the Rosehiil Reservoir.

(¢) The price per 1,000 gallons wounid be fixed at less than the cost to
the City of supplying a like quantlty by any other means.

As you know our clints have refrained from putting in a plant until the
City should express its willingness to take water from this source. The City
is practically the only customer for it, and until the Councll declares its
willilngness to buy the water or the works, on the supply helng developed,
‘here is no enconragement to our clients, as prudent men, to expend money
in further development.

It seems to us to fall within the scope of Mr. Mansergh’s duty to report
to the Council on the advisability of seguring such a supply as this, as an
auxiliary or reserve supply, and a means of increasing the fire pressure, ete.

On the City being led by a favorable report from him to take action in
regard to this source of supply, our clients wonld meet them in every reason-
i-ble way, whether by selling the lanad as it is, or leasing it, or by completing



under arrangement with the Council, the development and establishment of

a supply system.
Yours truly,

(Signed) O'BRIAN & GAULT.
E. H. KEATING, ESQ.

The letter was accompanied by a * Memorandum concerning the pro-
posed auxiliary supply of water for the City of Toronto from the source
known as  Briar Hiil,” under the heads of Character, Location, Quantity,
Quality, and Cost.

It is not, 1 think, necessary to give this Memorandum in full; the
supply is admittedly suggested merely as auxiliary, the information given is
of the vaguest and most specuiative character, and some of the remarks
exhiblt a want of knowledge of the subject, which detracts from the value
of the proposal.

Thus, in speaking of the quantity procurabte irom the source, the fol-
lowing sentence occurs: “The situation and the abundance of the water
precludes the idea of its being a mere rain or natural drainage catchment.”

On this, I hope, I might say without offence that it is a delusion, and
that If the water is not the product of rain but is supernaturally produced,
then it is something of which 1 have had no prior experience, and am utterly
incompetent to advise you about, but it surely will be time enough to inves-
tigate such a freak of nature when Lake Simcoe and Lake Ontario have
failed.

I'rom what I have learned, however, of the geological structure of the
southern slope of the ridge between tlie two lakes 1 have no doubt that water
must be found in many piaces issuing as springs, or may be obtained by
driving or sinking, under quite normal and natural conditions; and possibly
Briar Hlll Is one of the most favourably situated of these.

I think, bowever, that nothing more need he sald about this proposal,
because I cannot believe you invited me to come from iingiand to consider
an Insignificant additlon of 10 per cent. to your present means of supply.

ERIN DISTRICT.

(b) The Erin district I did not consider it was worth my while to visit

Mr. Keating describes having seen there three or four springs of bright
and very hard water, issuing at an elevation of about 1,000 feet above Lake
Ontario, and at a dlstance trom the centre of the Clty, as the crow flies, of
about 36 mlles. '

The suggestion that this source might be availabie for Toronto seems
to have come from a Mr. Vanderllp, who pointed out the site of an aban-

doned boring sunk some years ago with the hope of finding oil.
D3
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At a depth of SO or 90 feet water was struck, and rose to the surface,
but the search for oil having been unsnccessful, the boring was ahandoned,
and ijts site is now marked only by a small puddle.

1 bave little doubt that similar conditions might be discovered in any
number of places around Toronto, and I agree entirely with Mr. Keating
that the project of seeking water in so precarious a source, the bringing of
which would invelve the laying of a conduit nearly 40 miles in length, can-
not seriously be entertained.

The risks and contingencies involved in sinking and driving in search
of underground water are exceedingly great under the most favourabhle
gelogical conditions.

For instance, in the chalk formation which stretches from the Sussex
coast of the South of England, right away under, and for many miles to the
North of London, no one can predict with confidence the quantity of water
which can be obtained hy given works in any specific locality, although it is
well known that the whole mass of the chalk is more or less saturated with
water, from its base on the impervious gault up to certain easily ascertain-
able heights—a thickness in many places of several hundreds of feet.

I do not believe for a moment that anything llke the quantity of water
nltimately to be required can he obtained from this source, and to lay a pipe
so great a distance for a mere supplemental supply would he a foolish expen-
diture of capital.

If there were not inexhaustihle quantities of water of good quality in
sight upon the surface, within the same distance, it might he excnsable to
spend time and money in investigating this source more closely, but under
the circumstances I am clear that the suggestion may he dropped out of
further consideration.

RIDGE LAKES SCHEME.

I now come to the Ridge Lakes and Don and Rouge Rivers Scheme of
Messrs MacAlplne and Tully.

These watersheds were seriously suggested in 1887 by Engineers of posi-
tion as sufficicnt and suitahle sources for the supply of Toronto for as long a
period as it is ever needful to look forward to. Their estimate of the cost
of works was temptingly low, and the quality of the water was said to he
pure and wholesome,

This proposal consequently calls for caretul examination and considera-
tion, and this I have given, to the extent to which, in my opinion its merits
deserve.
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1 have read through the report more than once—it professes to be only
preliminary and therefore very close eriticism may possibly be depreeated,—
but I was at onece struek with the general tone of lukewarmness, not to say

apology, with whieh it is eompiied.

My impression is that its writers were not very enthusiastie in favour of
their seheme, nor muen disappointed that they have mnever been asgked to
carry out the instrumental examinations necessary to determine the aetual
areas of the various watersheds, the positions of the storage reservoirs, or
the loecations of the pipe lines. 3

I must, however, deal with the report In a general way as I find it, and
afterwards give iy opinion of the secheme based upon my examination of the
lakes and the watersheds of the several rivers proposed to be utilised.

The simplesl way will be to take up seriatim the points 1 noted in read-
g, and the first of these I find on page 5, where it is stated that the water
to be procured is “ pure and wholesome.”

On the next page I find it ls suggested that all the water should be
passed through meechanieal, and, if found neeessary, chemieal filters.

This eaused me a little surprise as it suggested that the pureness and
wholesomeness were not the natural condition of the water, but were to be
oblained by a proeess of more or less elaborate engineerlng and doetoring.

I have no fault to find with the interesting deseription of what may be
ecalled the natuaral history of water found upon the earth, given on pages
¢ and 7, and I agree with the eonclusions arrived at in the middle of page i,
viz.:—that * For a public water supply the water should be seleeted having
the followlng charaeteristies in the highest degree possible, viz.: first, purity,
next softness, and next limpidity.”

After the enuneiation of this sound doetrine, one would not have expeeted
that the water to be obtained by this seheme might need both * mechaniecal
and ehemieal filteration.”

lower down on the 7th page we find how It is that this elaborate treat-
ment may be found necessary, for *“ the Analyst has reported that the waters
of the Rldge Lakes as they are now found are objeetionable, on aceount of
the amount of vegetable matter present therein.”

On reading thls, I looked forward to find how the Analyst exactly put it,
and found that he entered on a lengthy investlgatlon Into the quality as
tested by the standards formulated by the ehemists Wigner, Mutur, Tidy and
Wanklyn, and that hls final conelusions are stated as follows:—

Page 29. “ The water of the Ridge Lakes is very impure and entirely
unflt in its present eondition for drinking purposes.”

4
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Then after settiug out that the organic matter they contain, is almost
exclusively of vegetable origin, and, therefore, very greatly less objection-
able than if it were due to excrementai or sewage pollution, the Analyst
says on page 31, * But after giving all due welght to considerations of this
nature, the fact remains that the water of these lakes is loaded with organic
matter, no doubt vegetable in its origin, to a degree that renders it quite
unfit for drinking.”

With these expressions of opiuion before them 1 do not wonder that the
Reporters recommendsd a very perfect system of filtration.

T cannot find that any of the waters of the Rivers Don and Rouge or
tneir tributaries were analysed, but 1 do not suppose that these would have
peen found to differ materially from the average quality of the water of the
iakes.

T.et us now go back and examine the hydrology and engineering of the
scheme.

First as to the drainage areas, these are given in round figures and must
be taken as more or less approximate.

That of the lakes stated at 9% square miles in the table on page Y. is
oniy 1-16th of the whole area dealt with, viz., 1561 square mliies.

In the absence of reliabie contoured pians it is not possible on existing
data to cheque this figure. and in view of the opinion I arrived at on my
Inspection of the ““ locus.” I have not deemed it necessary to ask you to incur
the expense of having instrumental surveys put in hand.

Second, as to ““ Daily Discharge.” it is not detinitely set out in the Report
fiow this has been arrived at.

The only rainfail returns are a few tigures given on the top of page Y,
and these appear to apply only to the sheds feeding the lakes.

The average annual fall of rain and snow for the years 1841 to 1871 18
given as 36.63 inches. If the observauions were accurately made and
recorded this is a sufficiently long term to work upon.

in England we should caiculate from the mean of such a period thas the
rainfall of the minimum or driest year would be 24.42 inches, and that the
average of the three driest consecutive years (which 1s the period upon
which such calculations are based) wouid be 29.30 inches.

The Report states that the driest vear of the 31 years in question was
1848, when the rainfail measured was 26.80; it does not give the average of
three consecutive dry years, but I think it wouid not be safe to take this at
more than 30 inches.

= © -
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From that guantity I should be disposed to deduct 15 inches for evapora-.
tion; it is a higure not infrequentiy used in Great Britain and 1 think it quite
justified here, becanse what is recorded as rainfall is rain plus snow reducea
to water, and the evaporation from snow ls frequently very great indeed.

In prosecuting my enquiries around ‘L'oronto, especially into the question
of the present abnormally iow water level of the lakes, I have learned that
although there was a large quantity of snow last winter, its meiting con-
aquced very slightly to the swelling of the rivers and the replenishing of the
takes, mainly because there were no heavy warm rains which melted and
carried the snow away rapidly, but that on the contrary it was quietly and
insensibly evaporated into the atmosphnere.

Deducting then 1o trom 30 we get 15 as the number of inches of rainfall
upon the watersheds which counld be impounded 1f natural lakes existed, or
artificial reservoirs were construcied of sufficient aggregate capacity to hold
the water this fall upon the sheds would proauce.

To put thls into the shape adopted by Messrs. MacAlpine and Tuily,
viz., “ Daily Supply,”—or as 1 shounld prefer to call it * Daily Yield”—we get
151 square miles by 15 ins. by 40,000 galions*=Y0,600,000 gallons a day as
against 7914 millions, given in the table on page Y, with a provision of 4,443
miilion gaiions of storage.

But in my opinion this proviston is entirely inadequate and insufficient;
it is not 50 times the daily quantity obtalnable, and I should not think of
providing tess than 200 days’ storage with such a rainfall as prevails here,
in order to utilisc the whole of the water, and be certain of maintatning the
full supply during a period of drought.

Then further, the Reporters take credit for obtaining 8% miilion gailions
a day from the six Ridge Lakes, although they give no figure for storage in
the corresponding column of the table.

I confess to baving been very much puzzied to understand in what way
1t was contemplated to make use ot the lakes.

On page 8 I found the following passages: * The supply from these lakes
Torms an admirable adjunct to the scheme, as the lakes will form a very
1arge storage at small cost, sutficient to retain aiil the rain and snow, with-
out allowing any to run to waste, and also enongh to hold over the surplus
from one year of larger rainfall to another of lesser rainfall.”

Again “ The supply from the lakes aione wounld be an average of 8l
million gallons a day for the whole year, and, if desired, by retaining the
water in the lakes, 12 or 15 millions of gallons daily can be furnished to the
City throngh the summer season from this source.

* The quantity due per day to one inch of rainfall per annum per square mile.
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Nowhere is anything said about raising artificially the present normal top
water level of the lakes or of drawing the water down below that level, and ~
that neither of these is intended to be done, is borne out by the absence from
the table on page 9' of any tigure tor storage.

Whence then the 814 million gallons a day throughout the year or the 12
or 15 millions during the summer are to be obtained, I entirely fail to see.

If wo water is to be stored in the lakes, that is if a certain depth in feet
above or below the present normal surface is not to be alternately filied and
drawn upon, then the only supply available auring the summer months
would be the dry weather yield of the watersheds, which T am satistied, from
what I have seen, may fall to 15 cube feet per minute per 1,000 acres for
weeks together which is equivaient, to 821,000 gallons a day instead of the
12 or 15 millions stated in the report.

If I were to assume that 1,443 millions of gallons of storage could be
provided as stated by the Reporters by the construction of the reservoirs
on the sites they have indicated (which I very much doubt), then I should
put the full reliable daily capability of supply of the works at about 56
million gallons a day, arrived at in this way:—

One two-hundredth of +4,443,000,000 gallons stor-

age equals L e .. 22.215,000
Average flow of rivers with ].)1 square miles of

drainage area at 25 cuhbe feet per minute per

square mile . .. .. .. s ol el a3 AR 100

56,190,000

‘Works.—Of course it is not to be expected that in a preiliminary report
such as I am criticising, anything very definite can be said about works, but
I cannot help calling attention to a passage or two which attracted my
notice on page 19, as follows:—

*If the gravity project shall receive the tavourable consideration of the
Municipal Government we would recommend that the works necessary to
bring in the water from the west branch of the Don (10 miliions of gallons
daily) shall be first comimenced, and built with as much alacrity as the case
admits, so that it may meet the immediate demand for an increased supply
instead of increasing the pumping works.

“ The expenditure will be $210,000, or about one-fourth of the sum esti-
mated by the Superintendent for a supply of & mlllions by pumping.

“ The necessary surveys and plans can be prepared in three months, and
the works constructed in four to six months.



“ The lowes sidrage res=rvolr, ccnialn:ng rrom 00 to 300 millions of
gallons, would o2 93, miles from Rosehill Reservoir.

“ The conduit pipe connecting them would bhave a capacity for delivering
frem five to ten thousand gallons per minute into the City distribution.”

1 will venture to test this a little in detail so as to be able to form a
judgment on the correctness of the estimate.

1n order to procure 10 million gallons a day, 1 lind from the table on
vage ¢, that 49415, say 500 million gallons ot storage, are to be provided.
(I do not accept this as aecurate but will use it for the purpose of my
argument.) '

Further, to deliver this guantity to Rosehill reservoir, a pipe 9% miles in
length must be laid.

From the levels T have on plans furnished to me, 1 assume that the head
of this pipe in order to draw (¢own the reservoir fully, must be about 400
feet above Toronto datum, whilst the delivery end at Rosehill will be 216,
giving 184 feet fall in the 91% miles, or about 1 in 272. If the true hydraulie
gradient between these points can be obtained (that is if no higher grounad
intervenes), a pipe of 27 inches diameter will be required to deliver the 10
million gallons a day or 7,00X) a minute.

Such a pipe, 914 miles long, conld not, T helieve, be laid for the $210,000,
as this would only allow $4.18 per foot. I shoud prefer to eall the eost at
least 37 a foot, which is a low estimate, if slnice valves, air cocks, washouts,
and easements are included. On this basis, the pipes alone would cost
$350,000, or $140,000 more than the Reporters’ estimate, will be the whole
outlay, ineluding the 300 million gallons of storage. What the eost of this
would be, it is not easy to say withont definite information upon the eon-
figuration and geological structure of the site.

From what T have observed personally and learned by enquiry, I eannot
assume, however, that the facilities for reservoir eonstruetion, will he more
favourable or the works less costly In the township of Vaughan, than in an
average case in England.

The same care mnst be exercised, and the same expense must be incurred
in dealing with water stored to a considerable depth, In order to prevent
leakage and avoid dlsaster, and 1 cannot see why my home experience should

not be utllised in estlmating the cost of a reservoir to hold 500 million
gallons.

1f 1 do this, T should put It down at $5H00,000.

Adding thls to the $350,000 for the eonduit and 15 per cent. to the whole
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for engineering and contingencies, we get a total of $977,500 or nearly five
times the estimate of Messrs. MacAipine and Tuily.

Now as to the time in which it is stated that all this work could be car-
ried out, viz., from four to six months.

I have heard of the lightning speed at which the Canadian Pacific and
other railways on the American continent have been executed, but I have yet
to learn that hydrauiic works of a reliable and stable character have ever
been, or can be rushed in this way, and I venture to suggest that not four to
six months, but more nearly four to six years would be needed to build these

reservoirs.

From these criticisms you wili learn that my opinion is, that neither in
respect of its capability of supply, nor the cost at which it can be executed.
is this scheme to be relied upon.

I think that in every respect the tigures are misleading, and I believe
that if the Reporters had made detaii surveys and working drawings, their
agtlmates would have been modilied so as to approximate to the figures I
have named.

It might, however, have turned out that notwithstanding this, the pro-
ject would have been a desirable one, if the quality of the water could for ali
time have been relied upon. v

This, however, I believe is not the case.

If Toronto is ever to grow so that the quantity of water obtainable from
these watersheds is needed, then by that time ail thls district will have been
mueclh more closely settled and densely populated than it is at present, with
the inevitable result of the pollution of the streams by sewage and fout
manures.

Even in their present condition, these sheds would never bhe selected
now-a-days at home. Only open mountain pastures, unploughed and un-
manured, and with practically no population, are considered good enough
as collecting grounds for town supplies, and where a river, like the Thames,
1s still utilised, the whole of the conditions bearing upon the use of its waters
must be distinetly understood before it can be set up in comparison with the
scneme under consideration. From my own intimate knowledge of the
Thames, I can say that the two are in no sense comparabie,

After a full consideration of this proposal, 1 unhesitatingly condemn it.
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LAKE SIMCOE—GRAVITATION,
Lake OXTARIO—PUNMPING.

I now come to the real question at issue, viz.: Is the fuiure suppiy of
water to Toronto to be obtained by pumping from Lake Ontario or by gravi-
tation from Lake Simcoe?

What the answer to thls question is to be will depend upon two main

tactors, viz.i— y =wah

First.—The quality of the water procurabie from each source, and
Second.—The relative cost ot obtaining it,

[ wili deal with them in this order:-—

QUALITY oF TiE WaTERs OF LAKE ONTARIO AND 1.akk Spicor.

Upon this polnt my oplnion must necessarily be formed partly by a con-
sideration of the general conditions affecting each of these waters, but mainly
upon the chemical analyses and blological examinations which have been
made from time to time by your own officers.

In order to obtain this information in a systematic form, I had an inter-
view with Dr. Shcurd and Professor Shuttleworth on the 8th November, and
on the same day I wrote the following letter:—

Cory.|

QurEN's HoreL, November 8th, 1895.
Dr. Sheard:

My Drar Sig,—

1 shall be mnch obliged if you will be good enough, in concert with your
colleague, Professor Shuttieworth, to furnish me with the following informa-
tion:—

1st. A tabulated statement in chronologicai order of the chemiecal
analyses which have heen made durlng the last 10 years of the water of l.ak-
Ontarlo at the waterworks Iintake, south of the island.

2nd. A similar statement of the hacterioiogical cxaminations for such
period ag these have becen made.

3rd. Chemical and biotogical results in the same form of the waters of
l.ake Simcoe, the Rldge Lakes, and the Rivers Don and Rouge, referred to
in the 1887 Report of Messrs. McAlpine and Tully.

4th, Similar information, if such exists, of the waler of Lake Ontlario at
MImico Point and Scarborough Heiglhts, and of any other sources which have
been serionsly suggested for the supply of the City,

3
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To all these analyses I shall be much obliged if you will add any obser-
vations made as to taste, colour or edour, and your opinions generally as to
their individual and relative suitability for the supply for all purposes to a
communlty such as that of Toronto,

I have already requested, through the Special Committee, to be furnished
with analyses (C. & B.) of the waters of the Niagara river, and I explained
this afternoon how the samples should be taken.

Yours very truly,
(Signed) JAS. MANSERGH.

Since my return home 1 have received a report, dated December 5th,
1895, signed by both these gentlemen, and a separate note from Dr. Shuttie-
worth, on the water of the Niagara river, dated 23rd November, 1895,

Both these are printed as appendices and marked A and B.

I have submitted these reports to Dr. Edward Frankland, F. R. 8., who
has probably had a larger experience In the analysis of water and in advising
upon public supplies than any chemist now living, and with him I have talk-
ed the matter over in all its bearings, the result belng to fortify—on the
points referred to him—the oplnion I had myselt substantially arrived at.

Curiously enough the two lakes we arc dealing with stand, the one
Simcoe, at the head, and the other, Ontario, at the foot of the great system
of inland seas occcupylng the centre of the North American continent; thus,
on the water parting of the ridge between Simcoe and Ontario, a child with
a toy spade could cause a little stream to fiow either by a twenty miles run
into Ontarlo or to follow a course by way of Huron, kLrie, and the Niagara
river of 800 mlles.

The watershed into Simcoe is 1,100 square miles and into Ontario 270,075,

The average daily discharge from Simcoe by the River Severn is pro-
bably 660 million gallons; from Ontario by the St. Lawrence 130,000 milllon
gallons,

The drainage area of Slmcoe is sparsely populated and the lake has unon
its banks but a few small towns, so that the organic pollution is now very
small indeed and will prohably never be serious.

T am not In a position to say how the population of the rural part of the
drainage area ahove Ontario compares ratably with that of Simcoe. but

there are upon the banks of the great lakes a mumber of large cities* and
*As you are aware the largest of these cities, Chicago, is now carrying out works
which will have the effect of diverting its sewage from Lake Michigan (and ultimately the

St, Lawrence River) into the Mississippi,
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other populous places, and upon Ontario stands Toronto ltself, which, from

its proximity to the intake, I regard as more important by far than all the
others put together. }

Making a broad mental comparison of these relative conditions one
would judge that, under normal circumstances of wind and weather, the
waters of th2 two lakes should be very similar when viewed trom a purely
chemical standpoint, but Dr. Frankland advises me that the analyses show
distinctly that the water of Simicoe is in this sense “ very decidedly inferior
to that of Ontario.”

He also says that “the water of the Niagara River as it enters Lake
Ontario is of excellent chemical guality, for, although it has received the
sewage of Buffalo and other places, the immense volume of water with
which this is mixed renders its effect upon the chemical, as distinguished
from the bacteriological character of the water, inappreciable.”

It is, however, nowadays considered by all the authorlties that the
bacteriplogical condition of a water intended for dietetic purposes, is prob-
ahly of greater importance than its chemical composition.

1n this respect, under normal conditions, there is nothing to choose be-
tween the two waters, and if T had not seen the result of an examination
made by Dr. Shuttleworth when the Ontario water was in quite an abnormal
condition, I might have assumed that, balancing everything, it was at all
times stightly the better of the two.

On that occasion, January 19th, 1894, a very heavy sea was running with
much floating ice, and the whole condition was one of quite exceptional
disturbance, and, In consequence, the numher of organisms was increased
from an average of 104 to 7,880, this being, no doubt, due to the stirring up
of the mud by the action of the waves,.

To the unitiated these numbers may sound very alarming, and I, there-
fore, append a footnote (*) containing a few passages from the Report

*Mr. Wi Crookes, F.ILS., put in a statement containing the following facts,
spoken to by high Irench and German aathorities &

Bacteria in—-

Aerated waters............. 10,000 to 75,000 per cubic eentimetre,
MATS e SRR 1,000,000 to 7,200,000 ‘e

Lyons sausage ............. 1,890,000 to 6,654,000 per gramme.

O e e § 8 5 e e 35,000 to 200,000 &

Ontulee¥. 1. . oS, .. 400,000 to 500,000 P

Cheese..... ............... 500,000 to 8,500,000 o

LI RS e 10.000,000 to 20,000,000 &

N.B.—A cubic eentimetre of water weighs one gramme.
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of the Royal Commniission on Londou water of 1893, which shows that there
may he present in foods or drinks a very large number of micro-organisms
without any harm being done.

Dr. Sheard and Professor Shuttleworth were, no doubt, quite right in
keeping out of their comparative tables the particulars of this exceptional
observation, because, as they say, the figures *“ would exercise a dominating
influence which would quite overwhelm any conclusion which might other-
wise be formed as to the average conditlon of the water at the lake statlons.”

As dealing in a practical way with the whole questlon, I cannot, however,
ignore the fact that, occasionally and for short periods, the bacteriological
condition of the water is such as to make it inadvisable to send it “ into
supply ” in its raw state.

No doubt an enormous majority of the organisms found by Dr. Shuttie-
worth in January, 1894, were perfectly harmless, but the fear is that there
might be among them an occasional pathogenic microbe or spore capabie of
doing harm. ;

In view of this contingency I have from the first been inclined to advise
that the water of Lake Ontario should be filtered, and in his Report to me
Dr. Frankland emphatically supports this view.

In fact, he goes further and says: ‘ As regards filteration, T should
strongly advise this to be adopted, whicherer source is selected. If the water
is not filtered I should, on the whole, prefer Lake Simcoe; if it 1s decided to
filter, then 1 should prefer Ontario.”*

My own view is that the Simcoe water need not be filtered at present.
No examinatlon of it has been made at a time of unusual disturbance, as iu
the case of Ontario; if it were made, there is little doubt a very miuch greater
number of organlsms than the average would be found, but there is, in my
oplnlon, little fear that any of them would be pathogenic.

Instead, therefore, of golng to the cost of filtering the water, I think at
the outset 1t would be quite sufficient to construct a service reservoir to
hold 100 million gallons, which should always be kept full (except in fire or
other emergency), so that when the water was not quite right the City couid
be supplied from the reservolr for three or four days withont drawing any
from the lake.

Experlence would soon show If further precautions were necessary. 1
am of oplnion that not for a great many years, if ever, would they need to
be taken.

*The effect of filtration is to remove 99 per cent of all the organisms whether harmful
or harmless ; and Jas only one of the former may exist among thousands of the latter the
chances of its passing through the filter are exceedingly remote. The bacilius of typhoid,
which is prohably the only one to be feared, has, I believe, never yet been isolated and
recognized in the water of Lake Ontario.
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On the question of quality, nothing more need be said than to repeat in
a sentenee that if the Simcoe water is dealt with as I have just deseribed,
and if the Ontario water—drawn from the present intake—is filtered, both of
them, as delivered to eonsumers will be high-eclass waters of unimpeachable
charaeter, with praetically nothing to ehoose between them.

I am now, therefore, ln a posltion to take up the diseussion of the second
faetor, which is to determine what my answer shall be to the question put
upon page 23, viz., the question of “ relative cost.”

RepaTive CosT oF OBTAINING WATER BY GGRAVITATION FROM LAKE SIMCOE
AND BY Pumping Froy LAKE ONTARIO.

The first stage in this enquiry will be to formulate the bases upon whieh
{he comparison of eost is to be founded. i

To do this we must at the outset determine the quantity of water to be
ultlmately provided, and in using the word “ ultimately ” I mean, of eourse,
the termination of a period in the future up to whieh it will be reasonable
to attempt to foreeast the growth of the population.

We must also assume a certain rate at which this growth is to go on.

Having made this foreeast of the number of people to be supplied in any
year up to the ultimate time, we must then fix upon a quantity per head per
day which shall be amply suffieient to meet all the usual demands for domes-
tie, sanitary, and eommereial purposes.

It would be folly to pretend that it 1s possible to predlet the future of
Toronto with any degree of aeeuracy; all that ean be done is to make a
reasonable assumption as to its future progress, based upon its growth in the
past and upon all the eonditions likely to operate in determining It.

During my stay in Toronto and on the voyage home, I took every avali-
able opportunity of learning the views of those who I thought were probably
more or less eompetent to form an opinion, but I was referred by the Com-
mittee to the gentleman whom they econsidered the highest authority, viz,
Mr. Maughan, the Assessment Commissioner.

By him I was furnished with a table of the population of the Clty from
1870 to 1895, and he was good enough to give me two or three opportunities
of talking the matter over with him, both before and after he had wrltten
me the following letter.



November Tth, 1895.
DEAR Sir,—

You have requested me to furnish you with an estimate of the probable
annual increase of population which may reasonably be expecied for the
future in the City of Toronto.

After glving the matter due consideration, and takiug into account all
the facts of which I am cognizant, I am of oplnion that such increase wiil be
at the rate of about two per cent. per annum.

Yours truly,
(Signed) N. MAUGHAN,

James Mansergh, Esq. Assessment Commissioner.
Tle following is the table above referred to : -

TABLE No. 1.
PopurLaTioN oF ToroNTo FROM 1870 To 1895 FROM AssEssMENT RoLL.

Year. | Population.

1870 54,736 1

1871 57,020

1872 | 62,647 \

1873 I 67,995

1874 68,678

1875 71,698

1876 67,386 £
1877 70,867 |

1878 7:,813 |

1879 75,110 |

1880 77,034

1881 86,415

1882 89,945

1883 102,537 | Yorkville (5,211 people) annexed.
1884 108,689 | Brockton 745, Riverdale 2,936.
1885 115,210

1886 122,122

1887 130,060 | The annex and E. Rosedale annexed.
1888 143,716 | Dovereourt annexed.

1889 164,986 | Parkdale annexed, 4,583.

1890 172,410

1891 167,439

1892 170,651

1893 169,099 |

1894 167,653

1895 174,309

It will be seen that these figures form a very unsatisfactory basis
to found a forecast upon, first, because during the whole 25 years’
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period, the area upon which the population was located did not remain the
same, but was extended on five different occasions. Second, because during
the times when the areas were identical, the fluctations in the growth were
very considerable.

Thus in the—

Four years from 1870 to 1874 it was 25.47 per cent.
Four years from 1874 to 1878 it was 7.48 per cent.
Four years from 1878 to 1882 it was 21.85 per cent.

and in the whole twelve years between 1870 and 1882 it was 64.32 per cent.

Between 1882 and 1890 the City boundaries were extended so as to take
in the out districts of Yorkville, Brockton, Riverdale, The Annex, East
Rosedale, Dovercourt, and Parkdale; and the population of the Clty, which
prior to these extensions had been in 1882 89,945, became in 1890 172,410,
being an increase of 91.07 per cent. in the eight years.

How much of this increase was due to extension of area, and how much
to real growth of population, I have no means of ascertaining.

In the five years from 1890 to 1895—during which period no extension of
the City limits has been made—the population bas grown from 172,410 to
174,309, or 1,809, which is equivalent to 1.10 per cent., or about one-fifth per
cent. per annum.

This Is a very different state of things from that which prevai]ed between
1870 and 1882 when the average annual increase was at the rate of 414 per
cent., or 21 times as great.

In the light of these figures, and taking into account the opinions I have
obtained other than Mr. Maughan's, my own impression is that his estimate
for the future is a somewhat sanguine one.

I propose, however, to adopt the two per cent. per annum in my calcula-
. tions, because it was agreed on ali hands that Mr. Maughan was the man
best qualified to form an opinion upon the point.

I sincerely trust that his forecast may be found correct as years go by,
for if it is, then the City of Toronto has indeed a prosperous and brilliant
future before it.

On this assumption then I have prepared the following Table No. 2

which gives the estimated population in each year up to 1945, heeinning with
the round figure of 175,000 in 1803.



24

TABLE No. 2.
PorurLaTion, ESTIMATED.
| I
Year. ' Population. Year. Population. Year. Population
. i l
. f ‘ =
1895........ 175,000 1912... .... 245042 11930........ 349,980
1896, ... .... 178,600 |1913........ 249,943
1897. .. ... 182,070  1914........ 254,942 | 1931........ 356,980
1898, .......| 185,712 (1915........ 260,040 |1932........ 364,120
1899........ 189,425 11916....... C265,242  1933........ 371,402
1900. .. ..... 193,214 1917........ 270545 [1934........ 318,830
‘ 1918, ... ... 275,957 1935 ....... 386,406
190150 197,078 1919........ 281,476 1936..... .. 304,134
1902........ 201,020 |[1920........ | 287,106 |[1987..... 4. 402,018
1993........| 205,040 9SREF o 5 | 410,058
1904........ | 209,140 {[1921,.......| 292,848 | 1939........ 418,258
1905........ 213,324 [[1922........ 208705 1040, ... ... 426,624
1906........ Poo217,590 1923 ... ... 304,679
B07. ..o | 221042 1924........ 310578 (o4 . D ons 435,158
1908........ | 22,381 1925. .. .....0 316,988 |1942........ 443,860
1909........ 230,908 ”1926 ........ 323,328 11943........ 452,738
1910.... .00 235,627 |[1927........ 320794 1944, ... 461,792
L1928, .. ... .. 336,390 | 1945........ | 471,028
T s l 210,237 111929, ... 343,118 ||

This Tabie is made out as will he seen for a term of 50 years from 1895.

The Roval Commission which had urder consideration two years ago
the supply of water to London, discussed at great length the question of
how long a period it was desirahie to look forward to, and finally came to
the conclusion to take 40 years, feeling that “ every addition to the period
adds enormousiy to the chances of serious error in the computation of pro-
babie future population.”

I think it may fair|1y be assumed that such chances of error are greater
In the case of Toronto than of London but for reasons which later on T may
again refer to, I have decided to deal with 50 years and even to put a littie
addition on to that, as will he found in the sequel.

Tt may be a surprise to some who have not looked into the figures to
learn that a growth of 2 per cent. per annum means that in 1945 the popula-
tion would be 471,028 and in 1948, haif a million.

1f the growth of the City between 1870 and 1882, viz., 414 per cent. per
annum were projected forward to 1048 the population would then be over
1;40010001 y . . 4 -
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Some of the persons I discussed the matter with,were optimistic enougb
to assért that a similar rate of increase (414 per cent.) might not unfairly
be looked forward to in the future, whilst others who agreed that 2 per cent.
per annum was a perfectly reasonable assumption, were taken aback at
finding that there would, on that basis, be 500,000 people in Toronto in 1948;
and there and then expressed their belief that it would never attain to such
a position.

These considerations are sufficient to illustrate and emphasize the impru-
dence of dogmatising elther on the future rate of growth or on the period
during whleh such rate is likely to be maintained.

It is, however, absolutely necessary for the purposes of this report that I
should assume something on each of these points, and for the reasons I have
given, I take a growth of 2 per cent. per annum for a term of 50 years.

In doing this I feel very contident that I am erring—if errlng at all—on
the side of excess.

Having taken these steps I must now discuss the question of the quan-
tity of water that ought to he provided daily per head of the population.

It is a matter of common knowledge that in the United States, Canada,
and other of the Colonies, the consumption per head is very much greater
than It is in England.

How this comes ahout I have never been able satisfactorily to ascertain.

Taking the year 1894 for which I have been furnished hy Mr. Keating
with the quantity pumped upon every day, giving an aggregate for the yéar
of 6,080,402,142 gallons or an average of 18,053,403 gallons per day, and
dlviding that quantity by Mr. Maughan’'s population for the same year, vlz.,
167,653, 1 find that the daily allowance per head is 107.7 gallons.

This is assuming that the whole population is supplied from the public
works, and none at all from private sources, which is a little unlikely. and,
therefore, the 107.7 is prohably somewhat less than the actual figure.

L.et us see how this compares with home consumption.

The recent Royal Commission found that, in the year 1801, the average
dally quantity supplied per head in Greater London was 32.68 gallons, and
after hearing much evidence from all sides, and fully considering the matter.
they fixed on 35 gallons as an ample gunantlty for all purposes, domestic,
sanitary, trade and ornamental, and, I think 1t may safely be stated, that
thls is more than the average consumption In the whole of the United
Kingdom,

4
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How it comes about that over three gallons have to be provided in
Toronte, for one in London, I cannot positively say, but I have a Shrewd
suspicion that by far the greater part of the excess is due to misuse or
waste in one way or another.

In ali countries there are, no doubt, certain localities, the homes of
special industries, in which abnormally large quantities of water are required
for the processes carried on; such for example as the ironmaking district,
on and near the banks of the Tees in the north-east of England.

There, out of a consumption equal to 52 galions per head of the popula-
tion, 39 are sold by meter for trade purposes, leaving 13 for domestic supply.

This, however, is quite an exceptional case, and in cities like London,
Birmingham, Manchester and Sheffield, the meter consumption ranges from
6 to 10 gailons per head, leaving for the domestic supply from 13 to 23
gallons.

The larger of these figures is, now-a-days, never exceeded, and very
rarely reached, in laying the estimates of consumption hefore Parliamentary
Committees; it is, in fact, admitted on all hands to be a very full and ampie
provision for all domestic and sanitary purposes.

So far as I have heen ahle to judge the conditions of life and the hahits
of the people in Canada and the United States, do not differ so materially
from those prevailing at home, as to lead to a greatly increased user of water,
and I am clear that if the 25 is raised to 30, that is a very liberal provision.

How then are the 77.7 galions provided in excess of this quantity dis-
posed of ?

I did my hest to ascertain this whilst in Toronto, obtaining the infor-
mation from the Treasurer’s department.

According to the books the quantity of water sold by meter in 1894 was
683 millions of gallons, but I was told that owing mainly to the presence of
sand in the water, the meters could not be maintained in'good working
order, and were believed to register on the average in favour of the con-
sumer to the extent of 25 per cent.

Assuming this to be the case (it is a rather strong assumption), the 683
millions wounld be increased to 834 millions, which, divided by 365, gives an
average meter consumption of 2,340,000 galions per day.

Again dividing thls by the 1804 population (2,340,000--167,653) we get
14 gallons per head per day, the dlfference hetween this figure and 77.7-3&_)'
63 gallons—remaining still to be accounted for,
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Now 1 find from the table of daily pumplng in 1894 that the greatest
excess over the average supply (dealing with months) occurred in February;
this excess belng due, probably, to the dellberate running of taps to prevent
freezing of the service pipes and fittings, and amountlng to 11 gallons per
day in addition to the 63.

The demand over the average in the summer months amounts to only
3% gallons per day.

To complete the statement of useful facts obtalned from the table (thls
is far too volumiuous to print), I may add that the least quantity of water
was pumped in the months of November and December, that is, in cool weath-
er, either entirely without frost, or with frost so slight as not to induce con-
sumers to leave their taps open. In those months the average dally supply
per head was 97 gallons; but it would not bhe right to put down domestic
and sanitary during these months at 30, because the use of water for baths,
street watering and sewer-flushing would all he materially less at such a
tlme; the unrecognised waste would therefore be going on much as usual.

1 am certain that If the proper steps are taken, all this can be remedied
and the consumption per head for all purposes, be brought down to 50 gallons
a day. It would cost money to do this, in providing self-registering meters
for localising the waste; and in instituting and maintaining an effective staff
of day and night inspectors, and other workmen to discover and remedy
defective fittings, services and possibly mains, but the cost would be recouped
in a comparatively short time.*

*Since my return to London 1 have received a publication of the State Board of
Massachusetts in which I find a report by Mr. Dexter Brackett on the supply of water per
head of the population in the Boston Metropolitan District. After giving a large amount of
information with regard to other United States cities, and mueh detail as to the quantities
uzed in different parts of the Boston district, Mr. Brackett sums up by stating his view as
to the allowance per head which shonld be made in the future, and this he puts at 100
Ameriean or 8§3°3 Canadian gallons.

This is made up ax follows :—

For domestic nse—35 gallons, although he says that the legitimate demand at present
is 30 gallons.
For trade purposes—33 gallons, the quantity in 1892 being
2260 sold by meter.
767 estimated, not measured.

30-27
For public purposes -5 gallons, Under this liearl ix given the following table :-—

Public buildings, schools and hospitals........ .... 230 gallons.
Street sprinkling . ... .. oo 100 "
Flushing sewers, public urinals. . ...... .. ... ... ‘10 -
Ornamental and drinking fountains ........ ... .... 25 g
THRGPEPR . AN, e e . 10 ']

Total for public purposes. .. ....... ... ... .. ... 375
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I must, however, not now dwell further on this point, as I have thought
1t best to make the comparison between the Gravitation and Pumping schemes
on the assumption that the quantity of water to be provided per head shall
remain practically as at present. 't'0 be quite preclse, I intend to take 100
gallons per head per day instead of the 107.7 before mentioned, feeling assured
that the progressive reduction in the quantity pumped, shown by Schedule
No. 6 in the City Engineer’s Report of 1894, will be continued, and that,
with very little trouble, the diminution to 100 gallons can be reached and
malntained.

I now, therefore, insert Table No. 3 which glves the gquantity of water
to be provided in each year up to 194%, when it will be seen that it amounts
in round figures to 50 million gallons a day.

It will be observed that in the first of these items, 166 per cent. is added, in the
second 15°62 per cent., and in the third, 33 per cent.

Adding these very liberally rated items together, we get 75 gallons, and to make up
his 100, Mr. Brackett deliberately adds 25 gallons for Waste.

This is an admission either of bad work in mains and fittings, or inefficient super-
vision, whieh [ am much surprised to see, and which, with all respect, I may say is hardly
creditable to the Waterworks staff.

But let us apply these figures to the case of Toronto.

The 35 gallous domestic, and

5) publie, I will put together

making 40, their equivalent in Canadian gallons being 33'5.

Metered and unmetered trade water in Boston is 35 American, or say 30 Canadian
gallons. I have made out that this quantity in Torento is 14, but that is by adding 25 per
cent. for incorrect meter recording which should be reduced considerably, say to 5 per cent.,
when the sand is kept out of the water, thus bringing the figure down to 115,

Adding this to the 335 we get 45 gallons for all legitimate uses, that is, without
waste, and why waste should exceed 5 gallons I cannot conceive. To call it 21 (Canadian)
as Mr. Brackett does, is absolutely inexcusable, in the face of the results of English experi-
ence in hundreds of towns (where the supply ranges between 20 and 30 gallons for all
purposes) where meters are not used for domestic supply, where the water is laid on con-
stantly under pressure, and where there is no stint or restriction whatever on the freest and
fullest legitimate use,

I repeat, therefore, that from 45 to 50 gallons ought to sutfice for Toronto.

On my way home T visited Philadalphia and was most courteously received by Mr.
Trautwime, the recently appointed Engineer-in-Chief of the Water department, who showed
me all over his works.

He confirmed what I had previously learned, that the water pumped per head per
day amounted to 150 Canadian gallons, but he could give no explanation whatever as to
how it was disposed of otherwise than by waste. Mr. Trautwine has a fine opportunity of
showing what can be done to remedy this state of things in a city where every drop of water
has to be pumped.

In my opinion, unless there is an abnormally high trade user, he should not rest
content until he has saved half the pumping charges.

The effecting of this economy would enable the authorities to filter all the water, a
treatment which it needs very badly indeed.



TABLE No. 3

QuaNTIiTY OF WATER TO BE PROVIDED.

! !
Year. Quantity. Year. Quantity. Year. Quantity.
Gallons. ‘ Gallons. | | Gallons.

1895...... 17,500,000 1913, .. .. 24,994,800 1931...... 35,698,000
1896.. ... 17.850,000 1914... ... 25,494,200 1932, .. ... 36,412,000
NBOFET.. 18,207,000 1915...... 26,004,000 [|1933...... 37,140,200
1808 .. .. 18,571,200 | 1916...... 96,524,200 |1934. ... .. | 37,883,000
1899...... | 18,942,500 11917...... 97,054,500 |1985. ... .. | 38,640,600
196C. .. . % 19,321,400 |1918...... 27.595,700 |/1936...... 39,418,400

1919.. ... 28 147,600 | 1987...... 40,201,800
OIS . | 19,707,800 1920...... 28,710,600 [1938...... 41,005,800
1902. . .... 20,102,000 1939.. .. .. 41,825,800
1903.. ... 20,504,000  1921...... 29,284,800 |(1940...... 42,662,400
1904 ..... 20,914,000 1922 ... .. 29,870,500 ,
1805, . . .48 91,332,400 | 1923...... 30,467,900 |1941...... 43,515,800
19064 ... & 21,759,160 |'1924 ., .... 81,077,300 |11942...... | 44,586,000
1907. ... .. 92194200 1925, ..... 31,698,800 | 1943...... 45,273,800
1908. . .... 22.638,100 |1926...... 32,832.800 [1944... ... I 46,179,200
TOOURS. .St 23,090,600 111927, ..... 32,979,400 |1945...... 47,102,800
1910..... 28,552,700 1928, ..... 83,639,000 |1946...... | 48,044,800

1929...... 34311800 |1947...... | 49,005,700
i/, . 5 24,028,700 11930, . ... 34998000 |1948...... 49,985,500
1912, .. ... 24,504,200 ” |

I am now in a position to commence the deseription of the two schemes,
and to set out an estimatec of thelr cost, and will deal first with the

GraviTaTiON ScHEME FroM Lake Sivcor.

At the outset I must state that I have found (as was to be expacted in a
comparatively new country) that the maps and plans procurable were on very
small scales and manlifestly wantihg in accuracy, and that some of them
were practically useless, becanse they had no scale on at all. Further, that
none of them showed surface levels or contours from which the areas of
watersheds, etc.,, could be accurately ascertained.

1 may say that I was doubtful that this would be the case on making
enquiries of map sellers In London, and therefore, in my offer to come out
I distinctly stated that such surveys as were necessary should he made under
my direction at the cost of the Corporation,

On my arrival, however, I found that at the stage which the water ques-
tion had then reached, it was clearly inadvisable to spend the time, and to
Incur the very great expense that would be necessary to obtain all this infor-
mation; as for present punrposes, the existing plans might be made to
suffice.
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Under these circumstances, all areas and the lengths of tunnels and con-
duits must be considered as approximate only, whilst being sufficiently near
the truth to admit of the schemes bheing falrly compared.

Lake Simeoe is situated almost due north from Toronto, and its centre
is about 53 miles from the shore of the Bay, near the Pumping station.

In the Reports 1 have seen, its area 1s given as 300 square miles, but as
measured on the four miles to an inch map accompanying the Report of a
Committee dated August, 1891, I make it only 260, including the Islands.

Its height above mean sea level 1s stated to be 720 feet, and that of Lake
Ontario 247, so that it has a superior elevation over Ontario of 473 feet.

The area of country draining naturally into the Lake is about 1,100
square mlles, the principal streams conveying the water from this area into
the Lake heing the Holland River, the Black River, and the Talbot, with some
others of which I cannot find the names.

For a considerable number of years rain gauges have heen kept at
Barrie, Orillia, and Georgina Island, and assuming these records to he reli-
able the rainfall upon the watershed can be arrived at with sufficlent accur-
acy for present purposes,

Taking the 20 years from 1875 to 1894

The Barrie gauge shows an annual mean of,. .. 2175 ins.
The Orillia P TIPTITE o s 3 101 0\
The Georgina Island .. .. .. .. . .‘ e .. 2953 ins.

The mean of the three being .. .. .. .. 30.75 Ins.

Taking the average of the three highest yearly records at each gauge.
1 find

The maximum annual fall to be .. .. .. .. 3894 ins.
The minimum annual fall to be .. .. .. .. 2210 ins.
And the mean of the three driest consecutive years 27.76 ins.

As these three gauges are at a low level as compared with the average
elevation of the whole watershed, probably the 27.76 may fairly be increased
to ahout 29.20 to arrive at the true fall on the average of three dry years.
If from this be deducted 14.20 for evaporation and absorption, the collectable
rainfall would be 15 inches per annum, which would produce an average
daily discharge of 660 gallons.

There might be a small addition to this volume, on account of the rain
falling upon the Lake itself, hut as the evaporation from the water surface
might approach very nearly to the rainfall, it 1s usual under such conditions
to neglect it, and I do so in this case.
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In a year of maximum rainfall the average daily discharge from the shed
may reach to something between Y00 and 1,000 million gallons.

It is manifest fx:om these figures that Lake Simcoe is competent to supply
water to Toronto for ali time, but I assume that, in all fairness, the water
cannot he diverted from its natural outlet by way of the Severn River into
Georgian Bay, without the rlparian owners having some grounds of claim
for such diversion. Probably they could not make out a very strong case of
*injuriously affectlng,” because the quantity to he taken for waterworks
purposes would never be more than a small fraction of the natural discharge
from the Lake, but this question should not he quite overlooked.

PoOINT 0¥ ABSTRACTION.

From my inspection and enquiries in and about the southern end of
Simcoe, 1 am of opinion that the intake or head of an abstractlng aqueduct
may be located at about one mile and a quarter east of the east end of Snake
Island, and three-quarters of a mile or 1,320 yards from the southernm shore
of the Lake.

The aqueduct in the Lake would be a steel pipe laid in a dredged chan-
nel for some distance from the shore, and protected by substantial erib work
further out, where laid merely on the hed.

At a very short distance south of the shore line, thls pipe would connect
in a proper penstock chamber or gate house to the head of a brick and
concrele aqueduct having lts invert ahout 700 teet ahove sea level.

Up to the penstock chamber from the Lake, the work would be con-
structed in open cuttlng, but thence forward it would he ln tunnel.

The section upon which I have laid down this tunnel was taken along
Yonge Street from Toronto to abhout two miles north of Holland Landlng.

thence in a north-easterly direction to near Jersey, and then north agaln to
LLake Simcoe. (Appendix D.)

Its exact location at the present moment is a matter of small Importance:
tunnelling will be necessary, practically, from the Lake slde whatever llne
is adopted; the length might be somewhat shortened by taking a stralght
course between its two extremities, but thls would not necessarlly dimlnish
the cost of the work, because it might at the same tlme reduce the tacllitles
for carrlage of materlals, the housing ot workmen, etc., ete.

It may be as well that I should dlstinctly state here that in settlng out
the line, gradient and sectlonal area of this tunnel, I am provlding merely
for the supply of 100 gallons a day of water to 500,000 people (or 50 gallons a
head for one million), and thus proposing to comstruct an aquednct that will
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deliver 50 million gallons in 24 hours Into a service reservolr at a sufficlent
elevation to supply under adeqguate pressure, the whole of the City.

I do not intend to be led away into hypothetical discussion of the ques-
tion of providing power for all sorts of fanciful purpeoses that may be sug-
gested.

I am of opinion that it is no part of the duty of the Corporation to enter
into speculations of this character, and 1 am quite clear that it is not my
pusiness, under the terms of my engagement, to consider any oif the power
schemes which have been of late so persistently advertised in the City.

I wlil, however, betore closing thls Report, state shortly how much power
can be obtained by delivering tbe 50 million gallons of water under a given
head, greater than is needful for water works purposes only, and the addi-
tional outlay which will be required to make this power available.

Tunnel. The tunnel excavation then, would be got out of such a size as
to admit of being lined with a composite structure of concrete and brick-
work, having a curved invert, curved and battered sidewalls and a seg-
mental arch, its height being 8 feet 3 inches and its width at springing level
7 feet.

Its gradient would be 1 in 4,000, and its dlscharging capaclty up to
springing 5,660 cubic feet per minute, or nearly 51 million gallons per day.

As set out on the section, the length of this tunnel would be 33 miles,
its outlet end being situated abont a mile and a half south of Richmend Hill,
and I have shown upon it 18 shafts, so that with the two ends it could be
worked from 38 faces giving an average of 1,544 yards of driving from each
face.

(This tunnel would he about a mile longer than that recently constructed
at New York to augment in connection with a very large new reservoir
now in hand, the supply of water te that city froin the Croton Valley.)

The invert level of the tunnel at the low end would be G55.40.

At this point the ground falls away to the south, and a length of 5,000
yards of iron pipes would have to be put in to cross the valley. To convey
the whole 50,000,000 gallons with a fall of 1 in 356, four 32-inch pipes would
be needed, but at the outset, only two of these would require to be laid, as
they would together discharge 7,000,000 gallons a day more than is at pre-
sent used, and at the contemplated rate of growth a third pipe would not be
necessary untilt 1913.

At the end of this first syphon higher ground is again reached, and a
Jength of 3,000 yards of “ cut and Cover ” conduit of the same cross-section,
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gradient and construction, as the tunnel may be erected (competent, of
course to deliver the 50,000,000 gallons) at a little over the cost of the two
32-inch pipes.

Then would begin the second syphon 7,600 yards in length of two 32-1nch
plpes, terminatlng in a new service reserveir to be located near Eglington,
having its top water at 547 feet above sea level or 300 feet above Lake
Ontario.

COST OF GRAVITATION SCHEME.

1 have made an estimate of the cost of, these works, which dees mnot
however, represent the whole outlay that would have to be Incurred, because
tor obvious reasoens I have not inc)uded in it the following items, viz.:—

1st., The purchase of the easement along the line of tunnel, cut and cover
and pipes; land for the gate house, shafts, caretakers’ houses and Eglington
Reservolr; and for the deposit of the material excavated from the tunnel
and trenches. ’

2nd. The compensation which might become due to the riparian owners
upon the Rlver Severn on account of the diversion of some of the water
from that river into Toronto and ultimately into Lake Ontario.

I cannot, of course, say that any claim weuld be made on thls account,
but 1t certainly would in England. -
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IESTIMATE OF CoST oF THE GRAVITATION SCHEME FROM LAKE SIMCOE.

DESCRIPTION OF WORK. $ $
Intake.
- G-ft. steel pipe, 1,320 lin, yds. 5 . 5 : . 198,000
Valve chamber, penstosks, screcning apparatus, &c.,
and kecper’s house . 3 . 4 5 . . 17,500
_ 215,500
Tunnel.
58,667 lin. yds. of tunnel . . . . . . 7,110,395

Shafts on ditto . N . 1 . . 182,760
—_— 7,293,195
First Cut and Cover.

800 lin. yds. . : 3 3 . 5 < . K e 86,750
L
First Syphon.
4 lines of 32-in. plpes, each 5,000 lin. yds . . . 630,000
River crossings . . . . . a . . 25,000
Inlet and Outlet Chambers . s 0 x F . 5,000
S— GR0,000
Second Cut and Cover.
3,000 lim. yds.- ¥ 5 5 7 . . 5 . . 292,080
Second Syphon.
4 lines of 32-in. pipes, each 7,600 lin. yds . . . 988,000 yds. }
River crossings . . . . a . . . 25,000 ’
Inlet chamher . . ) a . . . . . 2,500 i
Outlet to reservolr : . . . . . . 5,000
——— 1,020,500
f{f_((h Service Reservoir, to hold 100 million gallons . e 500,000
Provide for 6 houses . . . . . . 12,000
Mains to connect Hlgh Service Reservoir with Rose
Hill and distributing system in lower part of City . 335,000
) $ 10,434,985
Cortingencies, engineering and supervision, 15 wver
cent., say A g g ! A g 3 J . 1,565,015
Total . . . $ 12,000,000

In order to compare clearly the burden which the carrying out of this
gravitation scheme and the spending of this sum of twelve milllon dollars
would put upon the ratepayers wilth that imposed by a continuance of the
existing system of pumping from Lake Ontario, it will manlfestly be neces-



gary to calculate the amount of the total annual charge which the spending
of the capital will involve by adding together the Interest, the sinking fund,
and the working expenses In each case.

From Mr. Coady, the Treasurer,I have learned that the City can borrow
money for public works at 3% per cent. per annum, with the obligation to
set aside a slnking fund invested at 3 per cent., competent to pay oft the
capital in 40 years, and that these two items )inclﬁdiﬁgthe cost of invest-
ment) may be taken for my purpose at 5 per cent. per annum.

If this gravitation scheme were at once adopted it would, of course, take
some time to prepare plans, acquire lands, and enter into contracts, but, 1f
we assnme that the works were falrly started at the beginning of 1897, all
these preliminaries, with the getting together of plant, the erectlon of huts,
shops and stores, etc., etc.,, would, 1 believe, entall the expending of some-
thing like a million dollars in 1896.

The entire completion of the intake works, the tunnel, and the first pair
of iron pipes in the two syphons shown on the section, the * cut and cover”
and the Eglington reservoir, could not, in my oplnlon, be ensnred betore the
end of 1900, the rate of expenditure in each year being as follows: —

In 1896 L o NS L e T . e RO OG0
In 1807 = Thd - B B0 Azlo) YTy 1,500,000
In 1808 Sellth: RN T X ) - r e (0 )
In 1899 FEUR . R RS S S o s R T
In 1900 Sl 1Y kel S ore T PR S e At B i ()
In 1912 .. Bo ot " 90, 100 Moo ®oo e ot o oo 470,925
In 1932 S ey oy B G e S oo 170,925

and the setting aside of the sinking fund commencing as soon as any interest
is dne, 1

I am not sure that this is the case, but it will simplify the calculations
to assume that it is, and if I am not quite right, your own Accountant will be
able qulte readily to amena the figures.

The following Table, No. 4, speaks for itself, and shows in the last
column, No. 5, the charge which it will involve year by year up to 194K,



TORONTO WATER- GRAVITATION.
| | |
Total Annual
Capital Interest and ‘ Annual | Charge.
Voir Expenditure = Redemption Working Ex-1 —
b during the year. | 5 per cent. | penses. Sum of Col-
| umns 3 and 4.
1 > | 3 | 4 5
e | !
$ LR $ | $
R ) el | TR B o A
1896 o oneiinnn. | 1,000,000 95,000 | 64,449 | 89,449
TN . o v e 1,500,000 87,500 65.786 153,286
i, s VA R ‘ 2,500,000 187,500 67,196 254,696
s sl TN SN t 3,000,000 325,000 | 68,642 | 393,642
Toho== =" 3,058,150 476,454 70,116 546,570
1
7 g S R 552,908 | 5,000 557,908
o= L TPt L | 552,908 5,000 557,908
IR . e it o | o g e - - 552,908 5000 | 557,908
T e A R SN | 552,908 5,000 557,908
e .., | 552,908 5,000 557,908
W08, ... el mut o ... L. | 552,908 ‘ 5000 | 57,908
1907 o ooomevennns]  eeeeenn | 552,908 5,000 557,908
v S | 552,908 | 5.000 | 557,908
TH0D) bt o] eieens 552,908 5,000 | BT, 908
VT e A e 552,908 5,000 | 557,908
1911 ...... e o T 552,908 5,000 557,908
1912 ... 470,995 | 564,081 5500 | 570,181
W g R 576,454 5,500 | 581,954
11 S | e 576,454 | 5,500 | 581,954
T A S . 576,454 | 5,500 | 581,954
1916 o.ieinnnnns (A .. .. 576,454 5,600 | 581,954
L e A PR 576,454 5,500 581,954
B Srad ..... 576,454 5,500 581,954
1919 i o Tl D | 576,454 5,500 581,954
8 ... -y - - 576,454 5,500 | 581,954
- i b | BT6.454 5,500 581,054
T 1 ..... .1 576,454 5,500 581,954
RN RN . 576,454 5500 | 581,954
TGDANIR . 5wy, Pl ot s | BY5,4b4 5,500 | 581,954
W ] | 576,454 | 5500 = 5S1,954
L e e B RO . 576,454 | 5,500 581,954
i1 e [RREEEE | 576,454 5,500 581,954
o DS | | 576,454 5500 | 581,954
98 . ... O, WA, 576,454 5,500 | 581,954
TC T S S . R e | BTBARE 5500 | 581,954
e S e i R | 576,454 5,500 | 581,054
1L 470,995 | 588,227 \ 6,000 594,227
IR W W e 1 | 600,000 6,000 606,000
[ L e 600,000 6,000 606,000
TRIEA Beeumls. . « - oo o] ceeeien 600,000 6,000 606,000
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GravitaTioN—Contined.

‘Total Annual
Capital Interest and Annual Charge.
v Expenditure | Redemption [Working Ex- —
- l during the year. | 5 per cent. |  pemnses. Sum of Col-
; junins 3 and 4,
1 ', 2 AN g i
V- | |
| $ $ s NI
G860 . S MRS B M Ve L 575,000 i 6,000 581,070
1L B Goooool o o daodBio | 512,600 6,000 , 518,500
T T AR g 412500 | 6,000 | 418,500
I TS S S0 gy g ccotbaos 275,000 6,000 281,000
19401 1150 Sebhety: LRSI 1P 123,546 6,000 129,546
i
¢! R W i I 47,092 6,000 | 53,002
TO4R. . . S SR | 47,092 6,000 53,092
LOWE> [ PR v 9 R M Yy H A 47,092 6,000 | 53,092
1944 ...t ceieen 47,092 6,090 53,092
(S IR, o 0 000 o o6 CRBA0E - 47,092 6,000 53,092
1948 o 0o v Gkl ol SEEEDR: Ll 47,092 | 6,000 53,092
1947 ..... Sob o o MHEE I S0k oo o 47,192 6,000 53,002

19481 . S%E. SN0 |k o #ooooko 47,092 | 6,000 53,092
! |

I have not inciuded in the amnuel charges anything for the rates and
taxes which I assume would be levied upon the Corporation by the various
parishes through which the aqueduct would pass. At home this 1s a very
serious item of annual expense, and is year by year becoming more onerous.

1f the works are carried out in a sound and substantial manner, the cost
of thelr maintenance and upkeep after completion should be a very small
annual sum.

Two men would be required at Lake Simcoe and the gate house at the
head of the tunmel, and four or five more along the line and at its termina-
tion in the service reservoir, and these should all occupy houses adjoining
tunnel shafts, fitted with telephones, so that ready communication would be
possible from the gate house at Lake Simcoe, throughout the line, to Eglin-
ton reservoir, and on to the City Engineer’s Office.

I have inserted in the Table such sums as I think would cover the wages,
repairs, and incidental charges during the term dealt with.

By the Table 1t wiil be seen that the charges commence in 1896 with a
sum of $89,449, and go on increasing up to 1935, when they would amount to
§606,000. After that they drop In six years to $33,002, because the large
capital outlay at the outset would be paid off.
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After the smailer amount had similarly come to an end by the operation
of the sinking fund in 1973 the only charge would be the $6,000 for the men
engaged on the aqueduct, If at that date the whole of tbe works are still in
‘satisfactory order, and if the City has not grown so as to require extensions.
Upon this point 1 wili spéak later on.

{1 PUMPING SCHEME—LAKE ONTARIO.

In making provision for the uitimate supply of fifty million gallons a
day from this source, an essentiai difference is apparent in the period over
which the expenditure of Capital can be spread from that whlch would be
necessary—and has been described—in the case of the gravitation works
bringing water from Lake Simcoe. '

In the latter it is manifest that the only possible course would be to
construct a tunnel capable of briuging the full quantity at onc operarion;
1t could not be done by Instalments, and therefore the major part of the
great outlay of twelve miilion dollars must necessarily be incurred within a
limited time and at the very outset.

This would entail a very heavy burden in the payment of Interest, and
In the accumulation of a sinking fund, during forty years, that is, in the life-
time of a single generation.

On the o_thef hand although a good round sum would have to be spent
within the next few years in order to put the pumping scheme into a con-
dition fairly comparable with the gravitation, yet the bulk of the capitat
requlred to provide the fifty miliion gallons a day can be spread over 49
.years. iustead of 5, and the totai amount to be 'spent on works would not be
~more than 47% per cent. of the tweive miilions required for the alternative.

Although there is this very large difference in Capital cost, it is, however,
uot all to the good, for as everybody knows the carrying on of the pumplng
operations will entail a very heavy anunual charge.

: In order to make clear the exact difference I have prepared the following
Tébles, Nos. 5a and 5b, which show how and when Capital would have to
be spent, what it would cost in interest and sinking fund, and what would
be the working expenses year by year to meet the growing demaud of the
.community.

In a small Table apart, No. G, I have shown in paralle]l columns just the
_respective amounts which would have to be paid for the water In each year
for a period of 53 years, the total of the gravitation column being $23,967,447,
aud of the pumping column $15,383,406, a difference in favour of the latter of
$8,584,041.

Another advantage of the pumping scheme would be that after the initial
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expenditure has been incurred, further money need not be spent until it is
actually required by the growth of the population.

If, for instance, the rate of increase for the next ten years should be, as
in the past five years, only one-fifth per cent. per annum, instead of the two
per cent. assnmed in the Tables, it is clear that a new pumping statlon and
machinery would not have to be erected in 1901, and that the working
expenses would be very much less.

On the othér hand, once the money has been spent on the gravitation
scheme, the interest, etc., must be paid, and if this payment were to fall on a
population numbering few more than the present, the burden would obvl-
ously be an intolerable one.

To set agalnst all this, 1t will no doubt be argued that if the present
generation are willing to accept this burden, their successors would come in
for a legacy of enormous value, because the whole water supply of the City
would be obtained at a mere nominal annual sum, after the capital was paid
off.

No doubt this would be the case, if, after growing up to balf a million,
the City were suddenly to stop its march of progress; but if, on the con-
trary, it were to continue to increase, capital would again have to be spent,
jnst as at the commencement of the first fifty years, and an additional and
similar burden of interest and sinking fund would be again accumulated.

This must be clearly realised, or a total misapprehension of the posltion
will be created.

The same thing is going on In every growing City at home; just when
the water account ls beginnlng to show a favourable balance, then further
capital expendlture must be faced.

In order to put this matter clearly I have prepared a Diagram Appendix
F, in whlch the respectlve annual charges for the gravitation and pumping
schemes are graphically shown up to 1975, on the basis of a duplication of
the original gravitation works when this becomes necessary, and an exten-

slon of the pumping works to meet a continulng demand at 2 per cent.
increase per annum.*

*Of course it must he understood that in all the following estinates Tam not including

any existing debts, or the cost of administration, or of distributing works which wonld be
common to the two schemes,
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Total cost
of pumping

at Main
Station.
Wages. — ———
Sum of
Columns 12,
18, t1 and 15
15 16
$ &
24.060 54,449
24,480 5,086
124,970 06,702
125,4137 58,0050
20,978 59,202
245, 408 60,556
27,024 56,854
27 564 3,300
r-tol 23 | 29,830
28,652 G266
20,256 (2,798

20, 5422

;:l,oﬂ')
¥ L),‘HA
23,605
2,277
34,963
39,662
6,377
37,101
EiT.H-“;
;)’5,1;02

79,374
10,162
0,196
1,784
2,619
3,474
44,342
15,223
46,1533
47,057

47,976
48,958
0,037
50,9055
1,953
ALt
54,003
B, 133
5. 237
hT, 362
18,510
9,678
0,571
b2, 080
B2l
4,098
5, 890
7,907

64,355
606,019
67,072
60,226

76,917
2,715
74,392
76,179
73,004
79.958
81,774
83,715
85,693

&T7,861

S0,758
91,871
86,059
87,876
849,534
91,325
93,150
95,119
96,917
98,855

100,812
102,961
104,905

107,810
109,114
111.447
113,555
115,822
118,134
120,636

13:,,70:
138,419
141,343

|
\

Total annual

working ex-

penses, Main
and High

43-44

Total annaa

Total cost ’Toml cost of Lievel Pump-  Capital interest and  chuarges.
of pumping! pumping ing Statious expenditure Re(luupuon —
atTlich T.evel and tiltering andfiltration during the 5 per ceut. Sum of

Stations. on lsland. S — year. Columns 19

Sum of and 21.
! Columns 16 |
’ 17 and 18.

17 | 18 19 ‘ 20 . 21 22

$ 1 $ § 5 $ §
10,000 | 7,500 TLO49 1,087,325 27 ]83 94,132
10,200 7,650 73,4361 1,602,237 ‘)4.42 2 167,858
10,404 7,808 L9999 ... ... © 134,47 200,477
10,612 7,969 76,601 ... ... 134,478 211,079
10,824 8,118 78,234l ..., 134,478 212,712
11.041 8,280 79,907 465,750 146,122 226,029
11}, 282 8,446 76,5621 ... .. | 157,7645‘ 234,328
11,457 8.615 78402 ... .. 157,766 236,168
11,717 8,787 q0,384 .. 157,766 238,100
11,951 5,963 821800 ..., 157.766 239,046
12,190 9,142 84,130 221,37H 163,500, 247,430
12,434 0,325 S6, 1140 L.l 163,834 254,948
12,682 9,511 83,2121 ...... 168,834 257,046
12,936 9,701 90,200 ... 168,834 259,043
13,195 9,895 ".3,3](1 ...... 168,834 261,150
13459 | 10,002 94,469 ... .. 168,834 263,303
13,728 10,205 ‘)IS 38 ... 168,834 265,572
14,002 16,500 498, \‘)4 ...... 168,834 2(37, T8
14,252 16,710 101,171 168,834 270,005
14,568 10,924 1034961 ... .. 168,834 232330
14,859 11,142 105,959 221,975 174,569 250,328
15,1567 11,365 108,206, ... .. 174,903 283,199
15,460 | 11592 110,767 . ... .. 179,908 260,670
15,769 | 11.824 113,286 179,903 203,189
16,084 12,060 115,945 ... .. ‘ 179,903 205,848
16,406 12,301 ]lS,4lif)T ...... 174,903 208, 368
16,754 12,547 121,152 746,000 195,303 319,455
17,069 12,798 115,926 ... .. 216,708 332,629
17,410 13,004 118,340 ... .. 216,703 335,043
17,708 13,315 120,607 221,375 998 BT 342,844
18,114 123,581 123,020 | evrrry 350,792
18,476 13,853 125,479 . 297779 #63,-51
18,845 14,130 1260040 ..., 207 772 355,860
149, 242 14,413 130,552 | -N" T % 358,324
19,607 14,701 133,165 .. ... ! 227 ,;7.2 360,935
19,999 14,095 135,806 ... .. | 227,772 %63,578
20,399 15,200 138,655 221,379 233,306 371,961
20,807 ; 141,313 ...... 238,841 S8R0, 154
0,223 144, 146 248,541 382 ORT
21,647 147,022 2 5h,bl] 3 ),bh.i
22 080 ]4, SO0 150,083 223,302 S8, 380
2222 16,857 152,964 167,707 320,671
20973 17,23:3.") 156,019 127,651 283,670
23432 17,576 159,141 153,185 202, 326
23,901 17, 4] 162,458 138,720 S01,178
24,979 18,279 165,574 127,076 292 ha()
24,560 18,645 TR 882 ... 115,432
25,363 19,018 L72.9881 ... .. | 115,432
25,871 19,308 175,849 2u1,375H 120,966
26,388 | 19,786 ]7!).]0] 126,500 g
26,016 N 20,182 182,802 ... .. 120,966 SO5, 768
27,454 20,687 I8GAGY ... 115,432 301, 6492
28,003 21,5800 190,316 ... 115,432 305,773
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TABLE No. 6.

TorONTO WATER.—YEARLY CHARGES OF GRAVITATION AND Pumping ScHEMES

COMPARED.
¢ Gravita- . 3 G avita- 5
Year. i o Pamping. Year tion. | Pumping.
.................. ()9 e 581,954 319,455
89,449 99,132 TIIBL .. ieieen 581,954 332,629
153,286 167,858 DL s e 581,954 335,043
254,696 200,477 1ORR NS, ... 581,954 342.844
393,642 211,079 NGZON. ST 581,954 350,792
546.570 212,713 1R, Frws. 5990 581,954 | 353,251
19260 | oo ’ 581,954 | 355,866
557,908 229.020 | 1929 ..o 581,954 | 358,324
557,908 234,328 11980)] SINEERRE 581,954 360,985
557,908 236,168 !

557,908 238,100 1 DESINR SO 581,954 363,578
557,908 239,946 19324, om0 L 594,227 371,961
557,908 247,430 1983, ..oooi:. oo | 606,000 380,154
557,908 254,948 1984, o ' 606,000 382,987
1908 ............... 557,908 257,046 1955 ......=008. ' 606,000 | 385,863
1EO0 ... | 557,908 259,043 IREEN  Sododod doo 581,000 | 373,385
7)) N — 557,908 261,150 1037 L. . il ' 518,500 320,671
19881 . ol | 418,500 283,670
110 SRt S 557,908 263,303 19398 .. L0 4 281,000 292,326
1912 ............... 570,181 265,572 1940, K. .asmerm 2 129,546 l 301,178

S RN 581,954 267,728 | !
ADledh g, o, o, 5,200 581,954 270,005 UL e oty = 53,092 | 292,650
IS ... oo 581,954 272,330 19425, 155, 4 \ 53,092 234,814
IR oo o cosmoc s 581.954 280,323 1943 ............ ! 53,092 287,690
e M en e | 581.954 288,199 1944 ... | 53,092 296,815
NOLS) . 581,954 290,670 ] QMG S g ‘ 53,092 305,601
TR 581,954 293,189 1946 ............ 53,092 308,768
B0 v il 581,954 295,848 110 /et i 53,092 301,592
JRTC BRI T 53,092 305,778
1F2T ... .onimoeens 581,954 298 368 —_ —_

Totalk... s 23,967,447

15,383,406

Total water supply from 1896-1948 = 605,144 million gallons.
Total cost, gravitation $23,967,447 = 396 cents. per 1,000 gallons,
Total cost, pumping 815,383,406 =254 it &
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RECOMMENDATION.
I think there is no necessity to labour the matter further.

I have no difficulty myself in advising you which scheme to adopt. My
natural inclnatlon and predilection would be in favour of the Simcoe
Scheme ; hut under the special circumstances of the case I RECOMMEND
YOU TO ADHERE TO YOUR PRESENT SOURCE.

As I have already said, the considerations that impress ine very strongly
are the following:—

1st. No one can predict with any certainty what the future of Toronto ls
going to he; it may never grow beyond two hundred thousand inhabitants.

2nd. The Simcoe Scheme should not be designed and carried out on less
broad lines than I have set out; it would never do to construct a tunnel over
30 miles long with a smaller carrying capacity than 50,000,000 gallons a-day,
for it would be such a terrible business to have to make another alongside in
a few years’ time if the City were to increase faster than has been estimated.

3rd. But to do this work involves a very heavy expenditure all at once,
which would saddle the Toronto of to-day with a burden it ought not lightly
to he called upon to bear.

4th, On the other hand, the Pumping Scheme can he proceeded with ten-
tatively, and extensions he made just as and when they are needed,

5th. Further, if the Gravitation Scheme is executed, and 50,000,000 gal-
lons a day be brought to the City, there will be no inducement to diminish
the extravagant waste which must now be going on.

6th. But if you continue to pump I am satisfied that hy adopting the pro-
per methods the quantity of water to be supplied may he reduced 40 to 50 per
cent. with a corresponding reduction in pumping expenses, and a long post-
ponement of the spending of capital on new stations and machinery.

7th. The gravitation scheme will certainly involve the construction at
the outset of the hundred million gallons reservoir at Eglinton, becausc it
is the only way of ayoiding using * riley”* water, but it will not be necessary
to make the 12 acres of filters in connection with the pumping immediately,
hut will suffice to huild the subsiding reserveir, and, perhaps one-third of the
filters.

8th. Yout may banish from your minds any idea that the Simcoe Scheme
should be carried out because of the power that the water will bring with it.
This is a will-o’-the-wisp and a delusion.

* A local word meaniny “ turbid,”



417

Power can be manufactured in Toronto more cheaply in other ways.

I promised in an eariy part of this Report to teil you how much power
could be got out of the 50 million gallons a day, and at what cost, and I wiil
now proceed to do so.

UTIiLisaTION oF WATER FOR POWER.

A reference to the section (Appendix D) will show that the level of the
water surface in Lake Simcoe is taken at 720 feet above the sea, and the In-
vert of the aqueduct at the gatehouse is 700.

The difference or head of 20 feet is required to aliow a margin for the
ieveil of the water being lowered in exceptionally dry seasons, and to force
the water through the 6 feet pipe laid in the lake.

In the tunnel between the gatehouse and its low end near Richmond Hill
there is a fali of 44.60 feet, making the invert at that point 655.40.

This fall is required to give a velocity (about 139 feet per minute) suffi-
clent to dicharge 50,000,000 gailions in 24 hours wlth the water running up to
springing level.

There is not, therefore, any head left available for power down to the
low end of the tunnel, because it has all heen used up in getting the water
to that point. !

The top water of the proposed high-service reservoir at Egiington is 547
feet, giving a fall in the two syphons and the length of aqueduct in “ cut and
cover” work of 108.40 feet.

Similarly, ail this fall is needed to pass the 50,000,000 gallons a day
through the iron pipes and conduit to the reservoir; the water therefore
veaches the reservoir avithout any head awchich can be used for power, the size of
the pipes with the avallable gradient being adjusted on the most economical
iines for water suppiy purposes only, that 1s to say at the outset two 32-inch
cost-iron pipes wouid be laid, competent to discharge together 25,000,000
gallons a day, and in 1912 and 1932 a third and a fourth 32-inch pipe would
be put down.

Now, in order io obtain any power out of the water, it is manifest that
it must be delivered at the reservoir under some surplus head or pressure
more than is needed simply to discharge it into the reservoir.

The only way in which this can be done is to lay pipes so much larger
than the four 32-inch that they wili pass the same quantity in the same time
and still have that surplus head.

‘What T have set out, then, and shown on the section, is a continuation of
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the tunnel gradient, viz., 1 in 4,000, giving the height at the reservoir as
643.70 feet, and 1 find that with this fail two 69-inch steel pipes wouid be
required in order to pass the 50,000,000 gallons in 24 hours into the Eglinton
reservoir with a surplus head available for power of 96.70 feet.

Of course, it must be understood that these pipes would be laid under-
ground on the same line as would otherwise be occupied by the 32-inch, and
that in speaking of 643.70 1 am speaking of the height, at the reservoir, of

the hydraulic gradient and not the actual level at which the pipes wili be
laid.

In other words, if a vertical standpipe were erected at the Eglinton
reservoir 96.70 feet high above its top water level, the water coming down
the two 69-inch pipes would rise to the top of it and stili discharge
50,000,000 galions a day into the reservoir.

The gross power thus obtained is as follows:—

Gallons
per minute. 1bs. feet.
34,722 x 10 x 96

733’,000* = 1,010 H.P.
Now, let us see what cost has been incurred in securing tkis 1,010 horse
power g¢ross.

Manifestly, if the water power is to be so valuabie as has been made out,
the sooner it can be brought into use the beiter, and, therefore, by the time
the tunnei—competent to bring 50,000,000 gailons a-day—is finished, the two

.69 inch pipes should also be ready to convey the water on to Eglinton.

My estimate of the cost of the two lengths of syphon, each having two
32-inch iron pipes, and of the intervening length of “ cut and cover” is

$1,349,650 and of the two 69-inch pipes . 1 . $3,049,800.

At 5 per cent. the annual charge on the former is . g $67,482
and on the latter ¢ A g . . H . 8 . g $152,490
showing an excess for the power pipes of . 3 A 3 $85,008

that is to say that up to the year 1912 the additional cost to the City of having
iaid the larger pipes would be $85,008 per annum.

Then if we divide the $85,008 by 1,010, we get the cost per annum of one-
horse-power, viz., $S4.

But 1 must carry this discu_ssion a little further.

The 1,010 h.-p. cannot be made use of without a machine, and the most
suitable machine would, no doubt, be a tvrbine.
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If there is a demand for power at Eglinton, there would be the place
to utilise it; but as this is unlikely, I have assumed that the turbine would
drive a dynamo, and that by an electric lead the power would be conveyed
to about the centre of the City (near the University), a distance of 31% miles,
where by means of another electrical motor it could be used for doing work.

I believe the hest plan would be for the turbine to actuate dynamos
giving current at a very high voltage, say, 5,000 volts, this to be transmitted
to the place of utilisation and transformed down to 500 or 200 volts, as might
he deemed expedient.

The net maximum power available after this last transformation might
possibly reach 600 h.p. (Electrical), but would probably not exceed 500,

The cost of turbines, dynamos, mains, transformers and road work would
be, at a low estimate, $130,000.

The fnllest possible use of this power would be in a factory working,
say, 18 hours a day. some electrolytical process or similar thing, situated
exactly on the spot where the power is delivered.

If, however, the power were used for working trolley cars, the demand
for energy would fluctuate greatly from minute to minute, and its average
valne would probably not be more than half the maximum.

But further, if the power were used for electric lighting, the average
would in winter be about one-fourth of the maximum, and over all the year
round not more than one-eighth. .

To take it at the very best, the net available power in Toronto could not
exceed GO0 h.p., but, as I have already explained, the gross power of 1,010 h.p.
has cost $84 per h.p. to get to Eglinton, and this would, of course, be in-
creased in the ratio of 600 to 1,010, or to $141 for the net power.

But this is not all, for the transformation and transmission will cost
$130,000, which at 5 per cent. would he $6,500 per annum, making $11 per
h.p. more, bringing the total cost per h.p. to $152.

I believe in Toronto it does not cost two-fifths of that price as at pre-
sent produced.

I fear a great deal of misapprehension has been created in Toronto by
the wild and groundless statements which have been made broadcast in the
press and at public meetings convened by interested and lgnorant partizans.

If people would only consider the difference between having a glgantic
natural waterfall llke Niagara, so placed that its power can be utillsed on
the spot, with the pioposition here to bring water over 40 mlles in an artifi-



clal channel, to be constructed at enormous cost, and 1emember what I have
stated about the fall required to bring the water along that channel, they

would soon realise the folly of the whole idea. I understand that the Niagara
Power Company is offering one electrical horse power to the City of Buffalo

for 18 dollars per annum; if this is compared with the cost I have worked
out above, I think 1t will be admitted that upon this point nothing more need
be said.

GENERAL DESCPIPTION OF PUMPING SCHEME RECOMMENDED.

Perhaps it would be well that I should recapitulate distinctly and in a
few sentences how I think the pumping scheme, taking the water from Lake
Ontario, should be added to in order to ensure a thoroughly reliable supply
of water of admirable quality at all times.

1st. The intake pipe must be relaid on the lines suggested by Mr. Keat-
ing, and already approved by you.

I have carefully considered the position of the Intake and am of opinion
that taking all the circumstances into consideration it cannot well be im-
proved.

For those who are not thoroughly acquainted with the locus, let me ex-
plain that the intake is in the open lake 2,250 feet beyond the southern shore
of the island and 2% miles in a straight line from the present pumping
statlon.

That the Island with its eastern and western extremities incurving to-
wards the Toronto shore, forms practically an enclosed harbour a mile and a
quarter wide from north to south and over two miles long from east to west.

The two narrow entrance channels are situated the one at the north-
west corner of the harbour and the other near the south-east corner, and each
is two miles and a half from the intake.

The sewers discharge of course along the city shore on the north side of
the harbour and the deposit of solids takes place mainly on a narrow strip
immediately adjacent and can rarely if ever occur outside the harbour.

There is therefore under ordinary conditions no chance of the water at
the Intake being fouled by sewage, especially as the normal current (and all
currents are very slack) must be in an easterly direction and away from the
intake.

2nd. A small steam pumping station should be erected near the Shore
Crib on the island, to lift the water about seven feet into two subsiding tanks
to hold each eleven million gallons.

The water would be delivered Into one end of these tanks and be drawn
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by an overflow from the other (on to the filter), depositing the matter held in
suspension during its slow passage through them.

I propose to keep these tanks and the filters up and to pump the water,
because I believe if they wer2 kept down so that the water could graritate
into them, the cost of construction wouid be greatly increased, and some
power would in any case be required to drain the fliters.

Power will also be wanted for sand washing, and heat would have to be

provided for warming the low buildings to be erected over the fiiters to pre-
vent freezing.

3drd. Filter beds must ultimately be provided to the extent estimated for,
but they may be erected by degreces as shall be deemed neccssary by the En-
gineer in concert with the Medical Officer and Analyst.

+th. The new pipes and tunnel to the Pumplng Station projected by Mr.
Keating must also be carried out.

With regard to the tunnel, Mr. Keating should conslder if It might not
be better to lay it parallel to the surface of the rock at a shallower depth
than is shown on his section, and to line it with cast-iron plates forming a
circle in cross-section with internal flange joints, excavating as nearly as
possible to the size of the outside of the plates, and grouting the space with
cement under pressure, and filling the panels between the fianges.

oth. The compounding of the low-duty engines, as proposed by Mr. Keat-
ing, should be done, and such extensions be made from time to time as are
needed to meet the demand for water,

Gth. Rising mains will have to be laid to Rosehiil and on to Eglinton
as described and when requlred.

Tth. A new service reservoir must be constructed at Bglinton with its
top water at 300 feet above Ontario (547 feet above sea level) to hold 30,000 -
000 gallons.

Sth. As time goes on and new rising mains are laid the high-leve) pump-
ing station may be done away with.

SILWAGE

1 cannot close this Report without saying a few words upon the sewage
question, atthough it dces not come wlthin the terms of my Instructjon.

To justify this intiuslon, I may say that for over thirty yvears I have
been constantly engaged in the deslgning and carrying out of important
werks of sewage collection, intercention and treatment. or I would not have
ventured without invitation to make any observations on the subject; and
fuch as I do make will be of quite a gereral character,



During my stay in Toronto I did not meet a single individual who had
a word to say in justification of the existing state of things, excepting that
it would cost a very large sum of money to remedy it.

To discharge all the sewage of 175,000 people in its erude state into a
tideless and practically stagnant harbour is obviously a very wrong thing
to do, and every rational man must condemn It.

If Toronto is ever to take the high position as a residential City, which
Its climate and other natural advantages would justify, this blot must be
wiped oul. All the world over people are becoming mcre alive to the import-
ance of safe sanitary surroundings, and more eritieal in fixing upon a place
of permanent residence; and a common enough question to be asked now-a-
days is: Whare does the sewage go to, and where does the water come from?

1 am quite prepared for adverse criticlsm upon my advice respecting the
water, on aceount of the bald answer which could be given at Toronto to
this guestion. I am quite satisfied however, that if what I have recommend-
ed is carried out, there is no risk whatever of harmful pollution of the water
to be supplied: but, at the same time, everyone must admit that if the
sewage were removed right away there would not remain a ground cven for
the slightest sentimental objection.

The offence arising from the stirring up of the foul mud in front of the
wharves by the steamboats in hot weather, is, I know, very great, and the
discomfort caused to the people carrying on their business cn the waterside,
must at times be almost intolerable, not to speak of injury to their health.

But I know there ls no neeessity whatever to argue the question, and
that 1t is merely the cost which stands in the way of a remedy being found.
On this I would say that: If you determine to indulge in the luxury of Sim-
coe water, I fear ihe diversion of the sewage from the harhour will be re-
legated to the dim future.

If you adhere to Ontario, several good things will follow, viz. :—
ist. You will be better able to undertake the sewage work;

2nd. Yon will see the desirability of stopping the waste of water, in order
to save money to spend upon that work, and to reduce the cost of its execu-
tion, by diminishing the volume of sewage; and

3rd. You will desire to remove entirely the last trace of uneasiness with
regard to the intake.
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CtrRENTS IN Lake ON1aRIO.

Appendix G, consists of a reproduction of a chart of Lake Ontario, show-
ing the results of a large number of float experiments published by the
Unlited States Department of Agriculture, Weather Bureau.

I have inserted this because I found there was an impression among cer-
tain well-informed people in Toronto that the stream of the Niagara River
was continued directly across the Lake to Scarborough Heights, where it was
deflected partly to the right and partly to the left, so as to produce, in ad-
dition to the main easterly stream, a subsidiary but persistent current west-
wards, and that the constant washing away of the cliff by this impingement
produced the materlal which had formed the island.

I think it is clear from this chart that no such constant westerly current
exists, but that the immense volume of water hrought in hy the river takes
what would appear to he its natural course in the direction of the Lake out-
let by the St. Lawrence Rlver.

The effect of this course is that the upper part of the Lake is, in its nor-
mal condition, a practlcally still pool or back water, influenced only by the
inflow of the comparatively small streams west of Toronto and by the wind.

Although, therefore, its level is maintained mainly by Niagara, there is
in the 30 miles stretch of quiet water betwixt the mouth of that river and the
intake, ample opportunity for the complete sedimentation and dlsappearance
of the organisms found in the river ltself, as shown by their relative num-
bers, namely, 2,205 and 104.

In conclusion, I desire to thank Mr. Alderman Shaw, the Chairman, and
all the Members of the Special Committee appointed to confer with me, for
the cordial manner in which they fell in with my vlews on the readiest way
to get together the information I needed, and for their attention and kind
assistance during my stay in the City.

I repeat also the expression of my obligation to Mr. Keating, Mr. Rust,
Mr. Coady, Dr. Sheard, Professor Shuttleworth, and, in fact, all your officlals
for their sympathetic and ready help whenever 1 trouhled them.

Last of all, 1 wish to thank the alert and intelligent representatives of
the local press for allowing me to go about my work in peace and quietness
S0 soon as they found that I seriously desired to avoid belng interviewed, an
experience contrasting very agreeably with the daily pestering T suffered
from, when in another colony cn a similar errand six vears ago.

[ am, Mr. Mayor and Gentlemen,
Your obedient Servant,

JAS. MANSERGII.
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APFENDIX A

ToroNTO, CaNaDA, December 5th, 1895,
James Manserqgh, Esq., London, Eng.:
SR ‘
We have the honour to submit herewith the required information on the

various matters referred to in your letter of November Sth, and which you
specify as follows;—

Ist. A iabulated statemeut In chronological order of the chemical analy-
ses which have been made during the last ten years, of the water of Lake
Ontario at the Waterworks intake, south of the island.

2nd. A similar statement of the bacteriological examinations for such
reriod as these have been made,

3rd. Chemical and biological results in the same form of the water of
T.ake Simcoe, the Ridge Lakes, and the Rivers Don and Rouge referred to in
the 1887 Report of Messrs. McAlpine and Tully.

4th. Similar informaticn, if such ecxists, of the water of I[.ake Ontario at
Mimico Polnt and Scarborough Heights, and of any other sources which have
been seriously suggested for the supply of the City.

5th. Any observatlons made as to taste, colour or odor, and an opinion
generally as to the individnal and relative suitability of the various waters
for the supply for all purposes to a community such as that of Toronto.

With regard to the first point, we have causred a search to be made in the
official records of the Engineer’s Department for all analysis made during
the time mentioned, and from these have been enabled to present a fair eni-
meratien, Prior to June 25th, 1801, the intake was located at the Bell Buoy,
but since that date the water has been taken at a point 365 feet further out,
This latter position we have designated the intake, while analyses prior to
June, 1891, are referred to under the heading of Bell Buoy. We also give
returns of analyses from wat=r taken two miles, and eight miles from the
shore of the island. There do not appear to be any records of chemical work
from 1S85 till 1800—except in 1887T—when there was some public discussion
as to a new source of water surply; and the last chemiecal analyses were
made in December, 1892, subsequent excaminations being of a biological char-
acter.

Biological examinations of lake water, from 1883 to 1800, were confined
to one ohservation, by Professor Ramsay Wright, in 1887. This gentleman
again reported in September, 1800, and Mr. J. J. Mackenzie made an exam-
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ination in October, 1891, and in September, 1892. In December of that year
onc of us commenced a series of bacteriological observations, which has been
continued until the pres=nt time, and for the most part has been detailed in
the Annual Report of the Board of Health, of which copies have been fur-
nished you. The results are, however, summarized and continued in the pre-
sent report.

The only chemical analyses of Lake Simcoe water, and that of the Ridge
Lakes, appear to have been made in May, 1887, by Professor Ellis, and of
[.ake Simcoe alone by three other analysts in Junec, 1891. We have not been
able to obtain any information of an official character respecting the Rivars
Don and Rouge. Biological examinations of Lake Simcoe water were made
by one of us on five occasions from October, 1893, to November, 1895. Re-
cords relating to the Rivers Don and Rouge are not procurable.

We have not been able to obtain any chemical analyses of th2 water of
Lzke Ontario al Mimico Point, nor are there any biological records. One
analysis of the water at Scaiboro’ Heights is herewith submitted, bnt bac-
teriological records are wanting.

In the tabular statements which follow, a chronological order has been
observed with reference to each locality. The figures given are mostly those
of the original analyses, but in some cases (in which the results were stuted
in grains, per gallon, or parts per 100,000) they have been reduced to parts
per 1,000,000, so that they may be more readily compared. In most cases the
degree or organic impurity has been given by the various analysts as being
in accordance with Muter’s standard, and these original figures have been
reproduced. In those instances in which such estimation was wanting, it
has been calculated and supplied. We may remark that some of the analysts
apparently calenlate this degree by data other than those with which we are
acquainted, and consequently their figures will not quite agres with ours.
The rule we have adopted, and which we believe to be correct, is that of
dividing the amount of ammonia, albumineid ammonia, oxygen absorbed in
15 minutes and 4 hours by fixed divlsors, and doubling all figures over 10
In the quotient. The latter step has evidently been omitted by some of the
analysts, thus leading to the under-estimation of waters yielding high
figures.

The following tables* of Averages of Analyses have heen obtained from
the data furnished by the individal examlnations. The degree or organic
impurity by Muter’s scale, was not, however, ascertained by averaging the
figures stated by the varlous analysts, but has been caiculated, by the rule
mentloned, from the av erage constituents.

N.B. -All these tables are net wpmdlme(] in tllm lh sport, but only tho'«- ﬂtnct]y pe ltmﬂlt
to the enquiry
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Although the analyses of the water at the Bell Buoy, and also at Park-
dale intake, have been continued throughout, so that you might be inade ac-
gquainted with all the facts at disposal, we do not think that either situation
indicates correctly the character of the lake water generally, the Bell Buoy
marks the line of shallow water, the depth being about 25 feet. From this
point to the intake, 365 feet further south, there is an increase of 50 feet in
depth, and shore influences are felt to a much less degree. Even in very
stormy weather the limit of turbid water seldom extends beyond the Bell
Buoy, but often reaches this mark. The Parkdale intake, which is situated
in Humber Bay, abont 1,000 feet from shore, is in only about 10 feet of water,
which, during stormy weather, is liable to great disturbance, as also from the
influence of the Hamber River at times of flood.

In order, therefore, to bring the question at issue to its narrowest limlts,
the Bell Buoy and Parkdale waters may be excluded, and a comparison made
of the organic impurity of the remainder.

Accordlng to Dr. Muter’'s scale they stand thus:—

Lake Ontario . . . . . . 123, Class I.
Intake 3 . . . . . . o .147, Class I.
Lake Simcoe . . . . . . . .380, Class. II1.
Ridge Lakes . . . . . . 1.02G, Undrinkable..

By the scale devised by Dr. Tidy, based on the oxygen absorbed in three
hours, it is impossible to give accurate estimations, as the determinatlons
were made In four hours, but, using this standard as far as possible, the or-
der of the waters will be as follows:—the water of Lake Ontarlo being prac-~
tically within the llmits of the first class (.500) on account of the slightly
overstated figures.

Intake . . . . 409, of great organic purity.
Lake Ontario . . . 516, of great organic purity.
Lake Simcoe . . . 1.349, of medium organic purity.
Ridge Lak=s . . . 2,782, of donbtful purity.

Professor Wanklyn’s classification, as to albuminoid armmonia, gives
similar results:—

Lake Ontario .. .. .. .. .. .. .061 Organically safe.
Intake v v .- . . .. .. 088 Organically safe.
Lake Simecoe .. .. .. .. .. .. .136 Dirty.
Ridgeplalies, . i . .. .. . laa 235 Ditty

Reference to these standards renders unnecessary any oplnion, on our
part, as to the relative qnalities of the waters in question, but it may be said
that the low ratings thus assigned to Lake Simcoe water, and that of the
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Jackson's Point. | Jackson’s Point. | Jackson's Point.
2,000 feet from 1m’le N. 4 E. 1mileN. $ E.
shore. Depth 25 Depth 40 feet. Depth 40 feet.

feet. June 20th, 1891. June 20th, 1891.
June 20th, 1891. Huarrison. Heys.
Harrison.

4 25 26
Free Ammonia............ g Trace Trace 034
Albuminoid Anmmonia...} .140 148 146
Oxygen in 15 minutes . 478 Al 5292
Oxygen in 4 hours ...... 4 1.144 1.158 1.422
(AN RN oot eoano00s00ae o 1.000 ! 1.000 ; 2.500
Nitrogen in Nitrates ..., Trace ! Trace  oouunn...
Phosphoric Acid ......... Slight Trace Slight trace =~ .........
S0lidS ceeeerernreinieiiirninend 150.000 160.000 156.000

(015(077 Noonontoto Not marked Not marked None

Appearance ..............o .0 ... Clear

Hardness, before boiling
Hardnecss, after boiling .

Orgdnic uppurity.......... .359 3
RIDGE LAKES.
AVERAGFE. OF 8 SAMPLES.
32
—— e = e —
Free Ammonia............. | 102
Albuminoid Ammonia....| 235
Oxygen in 15 minntes....| 1.187
Oxygen in 4 hours ....... | 2.782
Chlonines s s ier. - - 500
Nitrogen in Nitrates I 144
Phosphoric Acid ..........{
Solids .=, . | 140.250
Odorl ...u.0.rapiee:. . . . .. A
Appearance ................ I TR u T 3
Harduess, before boiling 102.100
Hardness, after boiling., 34.487

Organic impurity.......... { 1.026
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Ridge lLakes, is in part attributable to the more or less peaty character of
these sources.

We have not had the opportunity of personal observation of the Ridge
l.akes waters, but at certaln scasons have notlced a slight vegetable odor
and taste, in that of Lake Simcoe, towards the south shore. This is probably
altributable to the swamp water of the Pefferlaw and Black Rivers which
enters here, and to the Holland River, which carries its burden of marsh
water into Cook’s Bay. The water of Lake Simcoe, when viewed through a
two-foour tube, is of a pale yellowish-green rather than a greenish-yellow
colour, and that of the southern end of Cook’s Bay is of a still greener hue.

In the case of the Ridge Lakes the proportion of albuminoid ammonia
Is one-twelfth that of the very large amount of oxygen absorbed In four
hours, a quantity which, under such conditions, seems abnormally hlgh, and.
together with the uniformly bad quality indicated by other means of estima-
tion, condemns these lakes, taken together, as a source of potable water
supply.

The tests for hardness in the different waters places them in the following
order:—

Lake Ontario .. 94.3 parts per million, or 6.60 grains per gallon.
Ridge Lakes .. 102.1 parts per milllon, or 7.14 grains per galion.
Lake Simcoe .. 104.6 parts per mllilon, or 7.32 grains per gallon.=-

This difference in soap-consuming power, and consequent comfort Ir
using, no doubt demands some consideration.

Brovrocicarn ExaMINaTION.

The following tahles* embrace every available record, except one, which
relates to an investigation made on January 19th, 1894, and which was in
part designed for the purpose of ascertaining the conditlon of Lake Ontarlo,
in mld-winter, during very stormy weather. Such a record has never been
obtained, and was only procured with considerabie difficuity and rlsk. A
very heavy sea, with floating ice, was at thls time running in the Lake, and
the line of muddy water not only reached the Bell Buoy, but extended south-
ward as far as the eye could reach—a state of things whlch is never notice-
able during the season of navigation. The condition was that of exceptional
disturbance, and was fully confirmed by the bacteriological examination of
the samples of water obtalned.

The records of this investigation have been purposcly excluded from the
foregoing tables, as they would exercise a domlnating influence which would

N.B.—All these tables are not reproduced in this Re?)-ntt, but only those strictly pertinent
to the enquiry,
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quite overwhelm any conclusion which might otherwise be formed as to the
average condition of the water at the Lake stations, as deduced by 30 deter-
minations, extending over five years. '

Another consideration which influenced us in omitting these details Is
that the biological records of Lake Simcoe water do not include any which
cover stormy periods, either in winter, o1 at other seasons, so that a compari-
son of the two would thus be quite unfair and misleading. KEven as it is,
the waier of Ontario is placed at considerable disadvantage, inasmuch as we
have taken in a record of the stormy weather of August 15th, 1893, when the
investigation was made for the special purpose of ascertaining the effect of
a north-west blow.

In order tbat you may be acquainted with ali the particulars, we here-
with submit the bacteriologicai results of the examination made on January
19th, and for further particulars refer yvou to the Annual Report of the Board
of Health, page 30, 1804. ‘

One mile south of intake, sample at 57 feet.. .. 290 cols.
. Intake sample at 72 feet.. .. 7,375 cols.
Intake sample at 57 feet.. .. 7,880 cols.

The following statement of averages of the Lake Ontario and intake
samples, and those from Lake Simcoe, show the comparative bacteriologicai
position of each source of supply, as indicated by the number of organisms
present.

Lake Simcoe .. .. .. .. .. .. 29sampies 87 cols.
Intake .. .. .. .. .. .. .. .. 27samples 104 cols.
Lake Ontario, stations outside intake, 39 samples 129 cols.

Lake Simcoe water thus shows an advantage over that of the intake and
Lake stations, but the difference in the numbers is not such as to be of any
sanltary importance, and, as before explained, the disparity would be less
evident if the records of the stormy period referred to were excluded. Both
lakes take a very high pesition as furnishing hacteriologically pure waters,
and, from this point of view, no exception can be taken to either.

Trusting that this Report may be found to fully comply with your
instructions,

We are, yours faithfully,

CHARLES SHEARD, M.D., M.H.O.
. E. B. SHUTTLEWORTH.
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RESULTS oF BiorLocicar ExaMINATIONS oF WATER.

Intake.
o T = —
! l
Date. | Depth.
| = ||
!
1891 —October 10............. L l 67 colonies per c c.
'S December 17. ... ...... 94 [ ¢
18Y2—September.............. ’ 12 % &
1893—April 17................ | 73 feet | 376 st &
s Juli 188 . oo oo onapn oy & 15 = o
0 July 21........ ... K 68 o ac
L0 August 15.............. e’ 20 & CC
August 22.............. oG 65 8 (0
o August’ 310, RN N < 117 g o
] September 13 .......... e 140 o o4
4 October 16.............. 4 152 a %
1894—August 7 .............. 66 feet 235 a0 0
1893—August 31......... o 60 feet 93 ¢ .
‘  September13 .......... - 40 it &
1894—August 7 .............. 57 feet
120 [ 6
1893—August 3l.............. 30 feet
o September 13 .......... = 70 o “
& October 16 ........ o I K 33 ac
o November 25........... 4 150 G g
53y
1895—October 26 ............. 3
14", " Y
18903—August 31.............. 10 feet
September 13 .......... L 123 03 "
Augost 31.............. 30 feet 83 [ [
oo September 13 .......... o 107 & 0
48 “ i
1892—December 17 ........... 20 feet
9_‘ " "
1893 ~August 31.............. Lo
85 (X o
I89t—August 7 .............. 3 feet 190 o X

Average of 27 samples, 104 colonies per c.c.

The examinations of October, 1301, and Septembear, 1892, were m-de by Prof,
Mackenzie and those subsequently by Prof. Shuttleworth.
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RESULTS OF BI0LOGICAL EXAMINATIONS OF WATER.

Lake Simeoe.

Prof. Shuttleworth.

Depth
Ft. Col’s
1893.

Nov. 1 Cook’s Bay, lme w1th De Grassx Point (700 ft.).. 93 70
LS 1 ( Y 2 235
o6 1 & 60 a3 o (1, a00 ft) 26 130
3 1 e X3 “ [ 2 0
&0 1 = 750 f(‘. S.E. flom Belle Ewart lce house l 22 | 100
“ 1 . 6 e 2 25
o3 1 ac lme \v1th lce house (half across Bay) . 46 [ 10
« 1 « { 6 B o 2 ; 35

1894. i

Apr. 20 | 2,000 ft. out from Jackson’s Point ....o.o.en.nooe 45 360
o0l oo T LR B bao0 0o |24 255
o g oe B Bk o conoadec o ‘w3 400

Juune 15 a 0 N 5 6o aa0000c 00 o ¢ 43 65
b 15 X o i e 24 105
w15 o ( S 3 65
a3 15 | § mile N. from Black River ........coooeeeienn. 20 140
« 151 3 mlle from shore, off Morson’s Well . b0 52 85
G 15 oo off \Iossmgton POt e vnrnes I 48 120
« 15 . R TR oo o Ao | o4 65
s 115 & s “ 08 | 3 5060 a600 000D 3 55

Nov. 15 | # mile N. from Black River ........c..cocvieeen. I 45 18
H 15 | 2,000 ft out from Jackson’s Point.........ocoovee. | 43 24
« 15 | } wile from shore, off Morson’s Well............... 50 36
£ 15 S S off Sedoar's Barn .............. ‘ 50 38
CON % 60 off Huntley’s Creek Bridge ......, 85 | 35
« 15 | West end Snake 1sland (mid-channel).............. | 15 I 38
00 15 | Between Fox Island and Big Cedar Point .......... 50 34,
« 15 | 3 mile E. of Big Cedar Point ..........ocovuvaes | 50 26

1895. | .

Nov. 11 | 2,000 ft. ont from Jackson’s Point ................ ‘ 1 75

& sBay ..iiiin cciiei i, | il 102

i Average of 29 samples .............. ! — i
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APPENDIX “B.”

Lasorartory, ToronTo, November 25th, 1895.
Jumes Meansergh, Esq., London, Eng.:
SIR,—

In compliance with your request, I herewith submit a report on the
chemical and hielogical character of the water of the Niagara River, obtained
on Novembher 15th, when in company with Dr. Sheard, Medical Ilealth Officer.

The point selected was between Queenstown and the mouth of the river,
at such a distance from the latter as to entirely preclude the posslbility o1
any admixture of the water of l.ake Ontario.

The river here is ahout 1,200 feet in width, and is said to be from 60 to
100 feet in depth, with a current of about 4 miles an hour. The samples
were taken for chemical analysis at a depth of 10 feet from the surface, and
at distances of about 170 faet apart, a like space intervening between the
east and west shores. The six samples so obtained were afterwards uni-
formly mixed, and an analysis made, of which the following is the result:—

In parts per million.

Free ammonia .. .. .. .. .. .. .. .. .. .000
Albuminelid ammeonia . .. .. .. .. .. .. .. 120
Oxygen absorbed In 15 minutes .. .. .. .. .. 279
Oxygen absorbed In 4 hours .. .. .. .. .. .. 422
@Chlorine ~ By TS SRR SN S B0 . 3.560
Nitrogen in nitrites, ete. .. .. .. .. .. .. .. 000
PhiospherlcFaeld “. %" . . U0 L U0 L . 000
Total solids .. .. .. .. .. .. .. .. .. .. 135.000
Volatile solids s co fo oo ook TERE 500
Qdor at TOOREBAMET. B+ . P DaswTAl . LR 5 e, none

By Muter’'s scale the water will be within the limits of Class I. (.218)
but by Tldy's classification it wonld probably just pass into the limits of
medium purity (422 in 4 hours, agalnst .500 in 3 hours); and accerding teo
Wanklyn it must be placed among the * dirty ” waters.

The following are the figures resulting from the biological examination,
the samples running from the Canadian, or western, to the American, or
eastern shore:—

1,960 cols. per cubic centimetre,
2,110 cols. per cubic centimetre.
2,590 cols. per cubic centimetre.
2,850 cols. per eubic centimetre.
2,070 cols. per cubic ecentimetre.
1.G50 cois per cubic centimetre,
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This gives an average of 2,205 colonies, and it will be ohserved that the
greatest number of bacteria were found in the water from the middle of the
river (2,720) where the current is most rapid, with a less number in the slack
water at the side (1,860 on the east, and 2,030 on the west).

The 2on:paratively large number of colonies is probably attribuatable to
the sewage of the City of Buffalo, which aceording to recent reseaiches would
be unaffected by the aération in the Rapids and Falls.

I regret that your note requiring observation by the 2 ff. tube was not
received in time, but I do not think that the colour of the water would be
found to differ from that of Lake Ontario, and would probably be set down

as pale greenish-yellow.
Yours faithfully,

E. B. SHUTTLEWORTH,



APPENDIX «C.”

Before 1 left Toronto I went through, with Mr. Keatlng, a number of
communications on the water question which had been received either by
himself or the Committee, and which it was desired I should consider.

The following is a list of these papers:—
From—
1. Messrs Barber & Watson, as to forcing water through the intake pipe.

2. Mr. J. H. Oakley, as to a supply of'underground water from an
unnamed source, to he discovered by the dlvining rod.

3. Mr. George A. Chapman, being a suggestion to use the Grenadier
Pond as a settling basin aud reservoir.

4. Messrs R. T. Sutton & Co., as to making a channel from Hanlan's
Crih, through the island, to the lake in a westerly direction.

5. Mr. A. E. Shipley, as to a supply from tributaries of the Humber and
Credit.

6. Mr. Arthur Harvey, as to a new intake near Taylor’'s bath house.

7. Mr. H. Glazebrook, as to sinking 20 or 30 artesian wells in the suburbs
of the City.
8. Mr. A. Davis. Offer to relay suction pipe.

9. Mr. Isalah Ryder, suggesting that all that is necessary to make water
supply perfect Is to lay a new steel conduit in place of the wooden one.

10. Mr. Jas. Crowther. A strong recommendation of the Simcoe scheme,
descrihlng in glowing terms the advantages that all classes of the community

are to derive from it, hut assuming apparently that somebody else is going to
pay for it.

11. Mr. J. A. Macdonald, Secretary of Georglan Bay Canal Company.
Offer to supply the City with 1% miliion gallons a day for $0S,500 per annum.
arnum.

1 have perused all these papers and I think I may fairly classlfy them as-—

(@) Suggestlons for minor alteratious of or additlons to the exlsting works
or cuts, some of which are now out of date as applylng to repairs consequent
on the rising of the pipe in September last;

(v) Proposals for obtaining supplies from streams at a dlstance or from
underground sources near Toronto such as I have already dealt wlith;



68

(¢) An offer to supply water to the City by a Company.

I think I need bhardly occupy my own time in writing, or yours in reading,
much ahout these proposals as they none of them affect in any way whatever
the general tenur or conclusions of my report.

The only one that calls for any speclal comment is the offer made
through Mr. J. A. Macdonald hy the Georgian Bay Ship Canal and Power
Aqueduct Company in the following letter;—

Copy.
ToronTO. September Tth, 1895.
To the Council of the Corpovation of the City of Toronto :
GENTLEMEN,—

I am instructed by the Directors ot the Georgian Bay Ship Canal and
Power Aqueduct Company to advise you that the Company have for many
months been considering, in all its hearlngs, the question of a contract
between the City and the Company for a domestic water supply for Toronto,
and in vlew of the breakdown of the present system, the Company deslires to
withdraw all former offers, and submit the Iollowing as a hasis for agree
ment:—

1. The Company will supply the Corporation with 18 million imperial
gallons of water daily for $98,550 per annum, and at the same proportionate
rate (one and a-balf cents per 1,000 gallons) for any quantity that the Cor-
poration may require up to 30 mllllon gallons per day, and one cent per 1,000
gallons for all that may be required over 30 million gallons daily.

2. The Company will at the time of the executlon of the agreement pay
to the City Treasurer $226,000 to be expended in the purchase and laying of
new feed-mains as heretofore recommended by the City Engineer, such mains
to be the absolute property of the City.

The water to he delivered to the present City reservoir, or the Company
will construct an additional reservoir or reservoirs (not more than two), at
any elevation or elevations that the City may require, not exceeding 400 feet
above Lake Ontario.

4. The water to be procured from Lake Simcoe by means of gravitation,
and shall be of such standard or standards of purity as the City and the
Provincial Board of Health may require.

5. The Company to have the new system in operation, and the City sup-
plied not later than the Ist day of July, 1897, provided the agreement be
cntcred into before the end of this year.
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The agreement to be for a term of 35 years, the City to have the 6ption
of buying from the Company at the expiration of the said term of 35 years all
the property and assets of the Company, real or personal, or both, that may
be necessary for supplying the City with water.

7. The price to be paid by the Cit,- for the waterworks system, property,
and rights of the Company, at the expiration of the said term, shall (if not
arranged by mutual agreement) he determined by arbitration, and the Com-
pany shall only receive the thien actual value of property or privileges, or
both, to be taken by the City, and no allowance or consideration shall be
made or given to the Company by virtue or reason of any privilege or fran-
chise conferred upon the Company by the City, or agreement entered into
between the City and the Company.

(Signed) J. A. MACDONALD,
Seeretary.

By this letter it will be cobserved that the Company withdraw all former
offers and undertake to supply water without any limit of quantity by gravi-
tation from Lake Simcoe into reservoirs to be constructed at any elevation
not exceeding 400 feet above Lake Ontarlo.

The price to be one and a-half cents per 1,000 gallons up to 30 million
gallons a day, and one cent for any larger quantity.

They also propose to present to the City a “ bonus for the right to supply
water ” on these terms, of $226,000, or 18 miilion gallons a day for two years
and 107 days.

They also undertake to have the necessary works completed in 18 months
from the date of the agreement.

The water to be of any such standard of purity as the City or the Provin-
cial Board of Health may require.

The Company are to work the concession for 35 years and at the end of
that period the City Is to have the optlon of buying on terms set out in the
Tth paragraph of the letter, which terms, I am bound to say, I do not under-
stand, as the second part seems to contradict the first.

After considering this letter, I wrote to Mr. Macdonald on the 20th No-
vember, the day before I left Toronto, as follows: —
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ToronTe WATER,
Toraxto, November 20th, 1895.
J. A, Mucdonddd, Esq. :

DEeAR Sir,—

Your letter of September last offering, on hehalf of your Company, to
supply the City of Toronto with 15 million gallons of water a day for $98,001
has been handed to me for consideration and report. I shall be much obliged
to you if you will inform me by what means this water is intended to be
brought from IL.ake Simcoe to the service reservoir near the City. Is it by
the canal of which you showed me the plan and profile yesterday, or by an
independent tunnel and pipe? If the latter, upon what line wounld these he
laid? Also what would be the cross section and gradient of the tunnel, and
what the diameter and hydraulic gradient of the pipe?

‘Will you please reply to me before the 26th inst., to 144 W. 76th Street,
New York City.
Yours very truly,
(Signed) JAS. MANSERGH,

To thjs letter I received the following reply :
ToroxT0, November 23rd, 1895.
J. Muanseryh, Esq., C.E., 144 West 76th Street, Neww York City:
Dear Sir,— '

Yours of the 20th inst. received. The Company propose to amend their
offer in several particulars. One would be to give the City the option of
taking 1ts supply from the upper reaches of the west branch of the Humber
River, amplified by the diversion of the waters of the Credit River. In either
case there would be no tunnelling. The water would be conveyed to the
service reservoirs near the City by means of steel pipes. If Lake Simcee be
determined upon, the Company would take advantage of its open cutting
tbrough the Ridges to be made for the Ship Canal and Power Aqueduct, and
the pipes would be laid below the level of Lake Simcoe on a margin of land
at the side of the open duct.

As to the diameter and gradient of the steel pipe, that will depend entirely
vpon the quantity we will require for the several municipalities that the
Company will have to supply. We have already entered into a contract with
the Township of York, and are now negotiating with a number of other
municipalities.

We are most willing to give you all the data in our possession and con-
trol. We deeply regret that your report wlll not cover the Upper Humber
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and Credit sourees, as no report on the possible sourees of Toronto’s water
supply can be complete without embracing this water-shed.
Yours very truly,

(Signed) J. A. MACDONALD,

Secretary.

I hardly know what adjeetive to use in respeet of this letter, but I desire
not to be offensive, and 1 will therefore deseribe it as an ‘‘astute ” letter,
the sting of it being in its tail, for the last paragraph reads thus: “We
deeply regret that your report will not eover the Upper Humber and Credit
fources, as no report on the possible sourees of Toronto’s water supply ean
be eomplete without embracing this watershed.”

It is very eurlous that, although Mr. Maedonald was Invited two days
after my arrival in Toronto to lay any information he desired on the water
question before the Commlittee, he never mentioned the “ Credit ” until a few
hours (as he knew) before I was leaving the City, when he did so In a easual
and off-hand manner when T was examining the model in hls office.

It is more curious still that at a publie meeting a few days later than
his letter of the 23rd he shouid (after groundlessly aceusing Mr. Alderman
Lamb of hurrying Mr. Keating off, to sall with me in the same boat to Llver-
pool, as if there were some eonspiracy between us), have wound up by saying
that my report would be ineomplete beeause it would not toueh on the
“ Credit,” the greatest water-shed in the world !

Surely if Mr. Maedonald had a spark of good feeling In him, or had
helieved honestly what he says about this water-shed, he eould never have
behaved in this fashion. He must have known—if he knows anything at all
about water-sheds—that to fuilly examine these distriets would take several
weeks’ work of a number of surveyors. and that he ought to have put them
to the front immediately I arrived, instead of keeping * the greatest acater-shed
in the arortd” in his pocket until 1 had left the country.

I prefer to assume that Mr. Macdonald’s mention of the “ Credit” in his
oflice was quite aecidental, and arose out of a short conversation with two
engineers who were present, and that it afterwards oeeured to him to use
it in the mischievous way I have described,

Although, however, this letter, for some purpose or other, ereates this
diversion—Mr. Macdonald doecs tell me in answer to my enquiry how the
water Is to be brought from ILake Simcoe to Toronto. He says: “Tf Lake
Simcoe is determined upon, the Company would take advantage of its open
cutting through the Ridges to be made for the Ship Canal and Power Aque-
duet, and the pipes would be laid below the level of Lake Simcoe op a margin
of land at the side of the open duct,”
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Now, you will remember that in the letter of September 7th, 1893, the
Company undertook to deliver water by gravitation from Lake Simcoe in
18 months after an agreement was come to with the City, and we now know
that before they can do this the cutting for the canal must Lo made through the
ridges and the water-pipe be laid alongside.

Without professing to be absolutely accurate, I learn from Messrs. Hering
and Gray’s section, which is, 1 believe, very nearly on the same line, that the
canal cutting will have a maximum depth of about 200 feet, and that for a
length of nine miles it will average 100 feet in depth.

In this nine miles alone, the excavation to be made must amount to at
least 40 million cubic yards, and the water conduit in order to have the
proper gradient must be laid in this part at an average depth of 50 feet
below top water of the canal.

I should not havé said anything whatever about this work if I had not
been called upon to consider the Company’s offer to the City, but as it has
been mentioned I may say that this enormous cutting for the canal, with the
tunnel for the water conduit close alongside, and at a much lower level, is
by no means a simple engineering undertaking, and it is utterly lmpossible
that it can be executed in anything like the 18 months stated.

The whole proposal bears on the face of it evidence that 1t is not based

on any substantial foundation, and I should suppose that no englneer of
experience has ever been consulted about the details of the offer made to the
City Council.

If this offer were accepted 1 am quite positive that the bargain would
never be completed by the Company, and the whole business would end in a
milserable fiasco.

Moreover, I advise distinctly that the supply of water to any City shonld
never be entrusted to a Company, however serious and stable—It is essen-
tially a municipal business—and wherever a competent, incorruptlble ani
truly representative municipal authority exists, that body should administer
and control the water supply in the sole interest of the ratepayers, and with-
out increasing its cost by providing dividends to shareholders.

J. M,
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