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Prof. Hazen';;* Report.

To Hut Wornhip the Mayor mul (Iw CuuucU of th^ City of
Winniimf.

Orntlkmrn:
III acconlrtiire with iiiHtriicti.iiis meived tntva Majrcir Hharpp IhavH exaiiiiiKHl the «,wfw. and the «)urceH <if the water supply „f the city

of W iiinipeg. and lieg to ^ -esent the following report ii|>.>n thew mattery.
piirticuUrly a* l)«>ariiig upon the reteiit outbreak of typhoid fever, and
the iiieauH to be taken to prevent a recurrence of it.

Pwrf. Edwin O. Jordan haH recently examined and reported upon
the causeH of typhoid fever in Winnipeg. We met Prof. Joitlan in thi-
cago. and Ulked with him at length regarding the matter. I have hImi
met your health officer. Dr. I).)ngla». and have diHcuMmsl many phiuea
of the situation with him. Prof. Jordan's report is clear and full and is
to he taken as authoritative upon the causes f)f the fever. I shall confine
myself t«. a consideration of the conditions which have been mentioned in
connection with the fever, and of which modifications may be desirable.

8KWKRS—

Vour City Engineer. Col. H. N. Ruttan. has given me every facility
for investigating the sewers, and all conditions relating t<. them Tlie
sewers of Winnipeg are built on the coiubined system, that is ti> ^ay.they
remove both the house sewage and the rain water. They are capable of
carrying about one-fourth an inch of run off per hour from the area
8erve<l. The original design of the rawer system was well considered, and
it lias lieen wisely and consistently ^anietl out and extended. In (he
si'wers now being built the best niotlem methods are Ix^ing usetl.

Winnipeg is flat, and not very high alM>ve the flwKl height of the
nvbrs. Tliere is some dimculfcy in designing sewers low enough at the
extremities to sufficiently drain the adjoining gi-ound. and at the wime
tune with sufficient inclination to produce a fair velocity of flow and to
discharge into the river at an elevation high enough to prevent tm. ii -h
flooding jlnd back water when the river is in f\atn\. From th:' pniflles of
the main sewers which I have saea. 1 think tha design is all that oould be
reas(jnably seciiwd under the existing conditions in this respe'-t.
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Thf m'Wftn lire iIchIkiimI wIUi imliimtliiiiM U> |ir<Hlii(c i>noiiKh vi'leir.
Ity to |.n.vi.rit thn funniitK ..f ilfiMMiU. Tli.. coini.iitntloim i.f v..|.Kity•w oil th» MiiMUiii|>tion that rprtoln qiwntitlcH of wnt.T flow In thf MWcrH
An n iiMtt«-r of fmt tht< wtiMl flow* «n. oft^-n U^ tliau th.- <|uiintlti<-« «»1
••UIII.HI ill ni«\iiiK th.. clmiKn. itiiil coiimiiiifiitly th.. actuHl viI<m itl^i ni^
lesH thnii thi> iwwiiiiiKil vhI.mHI«^ and tin- IlkflihiNNi of .|.>|><M.it<< U lii.wa-Ml.
tHUHlly thiM In a iiiatt«>r of llttif iiiiporttiiitf, l>ei-aiiMf tin- mltiM .H-.iiil.iir «t
lnt.TvaU fiiniUh <|iiarititi«i of watiT which Hiwh out tli.' m-w.-rn, anil r.-
iito«.thMiit4.th..ii-oHKiimlromlitloii. In Winnlin^ th.. .omliti aiv
ilitrcreiit, in that for a vwy coiiHiiltralili* |iro|KiHion of oaih year, thm.
»i*iioralnman.l..vMith..wlnt«'rthawHwlii.h iiinlt th.' im„w. thiiH fiir-
niNhiiiK wat«T. an- ahiioMt unldiowii. Th."-.' \n th..ref.,n. « oonHiiL-mbl..
p.Ti<«l ,.ich year, when no natural fluHliiiiK U\^h pla.e. an.l AuhIi tmiltH
or ..the- artificial iiieaniijiuwt be iw.-.lt(ili.'.|.tli"H..w..N in k'»>>1 .-omli-
tion. In thia rwiinH-t the ninclitloni. are iiuite .lifferent from th.we in
rlti.-*! farther miuth.

VentiUtlon of Sewen.

There are varioua wayH of v^entilatiiig »ewerH. In nearly all riti«'B
the inaiih..le covern are |H.rf.mited t.) allow ilr.tilation of nir. In many
citi.>» the cateh-baMinH are inad.' in Hiuh a way an to allow air to inwm
through them. In other word- they are not trapped. In a considerable
nuiiilier ..f citle*. including M.intreal. Minne«|V)llH and Ht. Paul. n.> traps
•re ummI upon the houae draiiiH. and in this ca«e air In able t.i paiM freely
through -uch drains and through the soil pipes in the h.iiiw.s. escaping
above the roofs of the houses. Where this is done, the air in the sewer
Mnds its way through the highest ..utiets. namely, thw.ugh the soil pipes
and th.'re is a down .Iraft through the iierforaUnl maiihi>le wivers in the
streets.

In Winnipeg, all the inlets and all the house drains a.* tnipped.aiid
It is also necessary, on accmnt of the cold climate, to put straw in the
niouths of the 8e> ers to prevent freezing, thereby shutting off this sourw
«.f ventilation. The sewers are thus ventilated exclusively through the
perf.irated covers of the manholes In the streets and in the alisence of
natural Hushing, and with rather flat grwles. which are unavoidable in a
p.'rf.>ttly flat city, it is ii.it surprising that <jdors are produced, and dis-
charged fr.im the manholes which atthnes are very disagreeable.

There is plenty of pracedent for the iwe of traps. They are required
in New Y..rk. Boston. Toronto, and many, if not most American cities
It 8 understood th.y are generally used in England but not in Germany.
Colonel Iruttnn has collected a large amount of inf.irmation as to the use
of traps in American cities. He has als.) an abstract of some of the most
important reasons for using and for not using traps. He has also investi-
gated the plumbing in a considerable number of houses in Winnipeg with
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The MicntMl is :—That iimvns iniiHt Ixt taken to prevent the noil pi|)e«

fmiii tfi^eziug above the rtHttn. In Ht. Pnul It in found Hiiffirieiit toeiilnrge

the Moil pipe at the top, no that a eoiiHideralile amount of frost can ncciiniu-

Inte in the eiilarge<l ond of it without obfitnirtinK the paosage of air. In

MiiineapoliH a galvanized inui j^ket in required about the pi|ie above ^he
roof, leaving an air Sluice. This aiTsmgenient is perhaps better adapted

to the climate of Winnipeg, but whatever means is adopted must be such

as to insure at all times a free pussage for the air.

*

If these precautions are followed, there Is n«» siinitary obj««ction to

the removal of the traps.

Kxperieiice in the cities mentioned, and in many others indicates

that it is possible to so c')ntrol thest* c<mditions, that no harm will follo'v

the omission of the hous(> trai>s.

I recommend that this course be followed in Winnipeg, that is, that

the use of the bouse trap be made optional, but coupled with stringent

i-egulations covering the ccmditions necessary to success without the trap.

This will have the eifect of removing the disagreeable smells from the

middle of the streets. The foul smelling air will then escape above the

tops of the houses where it will be unnoticed.

On the Discharge of Sewage.

Sewage is now discharged as is neare.st and most convenient to

either the Assinifaoine or the Red River. If the conditions are otherwise

e^ual, it is obviously better to have the outlets discharge into the Red
River at as low a point as piHisible.

It is not worth while to incur a large expense to secure this residt,

however. The Assiniboinc cannot be usetl tut a soui-ce of water supply

lx>low any point where the sewers for Winnipeg will be constructed. The
mininumi flow of the river, which Col. Ruttan tells me is about 000 cubic

ft. per second, is so great that it will receive and dilute so as not to pro-

duce a nuisance the sewage from a population of at least 150,00!). When
the quantiCyAf sewage draining that way exceeds this amount and when
the condition rtf the Assinibfiine River becon.es objectionable, it will be

necessary'to constjaict an intt^rcepting sewer to carry the dry weather
flow of .lewage to the Red river below the city. Huch an intercepting

sewer was contemplated in the original design, but it will not need to be

built for a very long time.

The only further rtfcommendatiou tliat I have to make regarding

the si'Wers, is tliat contained in Prof. Jordan's ivport, namely, that the

hcmses in the city 1>h connected with them as rapidly as possible. Prom
the standpoint of typhoid fever, it is a vital matter, that these cimnectitms

should be mach;.

tfi ii
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early date. It will be necessary to shut down this station before the first
thaw in the spring, because the night soil from the privies in the city la
placed where it will drain to the river above the pumping station. Under
the conditions which have prevailed in Winnipeg, this material is full of
infectious matter. It is now frozen hard and is harmless, but the first
thaw in the spring will Ukesome of it to the Assiniboine river, and the
use of the water at that tini;- »night and probably would be disastrous.

It will also be necessary to permanently do away with this station at
an early date, because a sewer is now being built which will discharge
into the river above it. The use of this pumping station when the new
sewer is put in service is not to be thought of. It is thus apparent that
the use of Asshiiboine water at the present pumping station is now un-
satisfuctwy, and the city will very soon have to depend entirely upon
well water.

The Future Water Stipply for Winnipeg.

An exhaustive report on this subject was made by Mr. Rudolph Her-
ing eight years ago. The 8ubj*t was fully considered, and the conclus-
ions reached are aa applicable today as they were then, with one excep-
tion, namely, the population and the required size of works. In eight
years Winnipeg has grown at a rate far beyond that which was antici-
pated by Mr. Hering. The population has more than doubled; the num-
ber of water services has increased fourand a half times, and thequantity
of water which must now be provided, and which is requred by the
growth of the cjty is coiTespondingly greater. I think the figures used
by Mr. Hering must be multiplied by at least two and a half throughout
to make them applicable to present conditions.

The growth of the city during the last four years is shown in the fol-
lowing tablet-

Jan. 1. Jan. 1. Jon. 1. Jon. L Jon. 1.

»,•. .^ 180I. 1802. 1903. 1004. IBOS.NumberofholMM hi Winnipeg. 7,«6 7,051 gjTlO 10,081 118.110
Nuiubor8uppUet.«1th water.. 8.900 3.SOO Isoo 7000Number not suppjloi with woter i,3il 5,419 iffll ILm
Averaco consumption of water in Eallons

per dajr, taken from plotting of annual

r. n"'"^,"*''™"" = l'**'^ »'810-<«» LfflCOOO 2.180.000OoHonBdaUy per service .... ss3 ua 381 3™
Assumed avcraKe number of persons per

„,|'°"««:; 5.5 5.8 «.8 8.0 e.3
Qallons doily per person in liouses con-

nocted
IqI 84 64 40Estimated population «,ooo 44,a00 SftSOO 61.000 77.000

There is reason to believe that the a<-tual population is considerably
larger than that computed above. So far aa this is the case, the reason
for the immediate installation of a large additional supply is greater.
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enceto the further drvelopm^ryn
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rate, and, in addition to this, allowance muat be made for Area, making
the total «Uowance as stated. The pipes muat be capab*e of carrying a
very large quantity of water to any point where a large fire may occur,

in addition to the ordinary quantity of « ater taken by consumers. With
the main pumping station at its present location, a new 36 inch pipe to

Main strest in addition to the pipes now in place would seem reasonable,

followed by other pipes north and south, connecting with the pipe system
until wat«r for fire service con be concentrated wherever required.

Pumps will be required with a combined capacity of at least thirty-

six million gallons per day, including those now in service and those
ordered, ap far as available for fire service in the completed system, and
at least h*lf of this pumping capacity should be made available at the
earliest possible date. Tlie pumps should always be capable of meeting
all ordinary conditions of services with one pump idle.

A pure water reservoir should be provided so that the purification

'

vratka and other parts of collection system can be operated at a uniform
rate throiighout the 24 hotu«. The pure water reservoir will hold the ex-
cess of w«tter during the night, and make it available during those hours
of the day when the consumption is above the average. It will also pro-
vide a supply of water immediately available in case of fire. The pure
water resemroir should have a capacity equal to half the average daily
supply, of vix million gallons, and it must be covered to protect, it from
ice in winter, and to prevent the deterioration in quality in summer,
which comae from the growth of vegetable organism in clear water when
exposed to sunlight.

In case a separate high pressure water supply for fire service should
be installed taking water from the Red river and reaching those parts of
the city where the largest buildings are located, it would be possible to
reduce somewhat the size of the works for the final pumping and distribu-
tion, making them large enough to supply water equal to twice the
annual average rate, with a reserve of one pumping upit above this capa-
city. The size of the preliminary works would not be changed, as it

would not affect materially the average quantity required.

The sizes thus arrived at, agree substantially with Mr. Bering's
conclusions, for he thought, eight years ago, that 2,400,000 gallons per
day or eO gallons per capita for a population of 40,000 should be immedi-
ately available, and that pipe lines, etc., should be capable of suppling
0,000,000 gallons daily. In other words the supply was to be selected and
designed with reference to that quantity. The requirements are now
fully two and a half times as great, and no supply should be new consid-
ered with a capacity of less than 16,000,000 gaUons daily, while the capa-
city of the works hnmediately required may be taken as 6,000,000 gallons,
with a likelihood that the rapid growth of the city will exceed this
capacity before the new works can be built.
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of the city at this time.
t^^^^ty exceed the finanei^ ability
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The works would cotit about two million dollars (without softening
of which half a million could be postptinod for a few years, leavinga pi'es-

eut cost of one and a half millions. If enough water is there, the project
is an attractive one, but it should not be considered unless it is perfectly-

certain that fifteen million galluus per day will be readily available in »
dry time. ' v

The Present Source of Supply.

The present soufce of supply la from a well in the limestone rook.
A second well has recently been excavated about 200 feet from it. This
well will'be put in service as soon as the new pumps are ready.

Over the limestone rock there is a layer of mixed gravel, and above
this there is close-grained imprevious clay, extending nearly to the sm^
face of the ground. In this clay, at intervals, there are streaks of sand.
I was unaUe to aee the rock at the wells, but it is exposed in the city
quarry, some miles away, and I understand that the formation is the
same as that in which the wells are situated.

The bulk of water clearly is bbtained from passages in the limestone
rock, and not from the grave> over the rock. The gravel no doubt yields
water freely, but its carr> ing capacity is not sufScient to allow the flow
of a. considerable quantity of water for long distances through it.

• The Ihnestone rock, as shown at the city quarry, is close-grained,
and the seams in it are not large. No large quantity of water could flow
through the body of this rock, or the\)rdinary seams. At one place in
the citj: quarry, a hole in the rock of considerable size is exfK)*^. The
workmen say that this is part of a continuous passage under the quarry.
When drilling over it, the drill . will drop about flVe feet when this
opening.is reached. Pa&sages of this kind are common in limestone rock,
and the general movement of water must be ia btuwnels of this kind.

The success of a particular well iii obtiiinlng a large supply of water
depends upon hitting ont of these cavatlesi Evidently, from the freedom
*rith which water enters the well now supplying the City, channels of
adequate capacity were encotmtered. The new well is apparenfly con-
nected with the same channels, because,air under pressure forces its way
through to the old well. .

The old well also serv^ to lower the general ground water-level, as
shown by wells reaching the limestone rock, over a large area, indicating
that the channel^ in the rock have frae connections for corresponding
distances. /

The new well will allow Water to be taken at a lower level than in
the present well, and will, therefore, draw water from a somewhat greater
distance, and will increase the,amount of water which can be secured. It
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ttftfM on whieh Col. Ruttan haa ahown the elevationa of water in
arioua wella throughout, and near the city, indicate that the level at
RTOUiid water gradually drop* to the level of the rivers. In other wotda,
it appear* that the ground water is flowing through the linieetone to both
the Red and Aaeiniboine rivers, and propably from both directiona.

I am rather inclined to think that the water doea not come from
any very diatant Hource, but that it enters the limeatone through the
gravel above it, and through the sand layera occaalonally found in the
clay, and at any points where clay does not fully cover the rock and
gravel. For instance, near the city quarry, there are obvioua opportuni-
tiea for rain water to enter the limeatone rock, and it is very likely that
there are other opoortunities here and there, and that the fissures in the
rock are filled in tuis way.

Qiuutity of Water Which Cu b« Taken from WoUa.

I think there is no doubt that a sufficient quantity of water can be
obtained from wdla in the limeatone rock, but it will probaUy be
nec-essary to put down aeparate works at conaideraUe diatancea from
each other, to secure enough water to supply the city for a long period.
Mid separate pumping stotions will be required in connection with them.

The cost of construction and operation wotdd be relatively high, and
will be higher as the quantity obtained horn each plant is leas, and as the
number of plants, to secure a given quantity, is increased.

Ob the Um «f lU^or WtuB.
It would be poaaible to use water from either the Red river or the

AsSiniboine river with filtration, either with or without softening.

The Assiniboine river could be used more conveniently in connec-
m with the existing works, but tha Red river water is softer, and prob-

aoly could be mpie cheaply treated^ and it would probably be softer and
freer from saline matters after treatment.

The Red river about Winnipeg has a drafaiage arem at abjut 40,000
square miles, and the population upmi it in liWO-lSOl was 460,C00, or ton
per aquare mile. Thera were four towna with populations of over 4,000
each, and 80 amaller villages, having altogether a population of 74,000.

The Assiniboine river has a drainage area of 68,000 square mi!ea,but
it comes from a dryer country, and the flow of the river is less than the
flow of the Red river. Th!* total population on watershed in igoO-liJOl was
162,000, or which 10,544 were in three towns, the largest being Brandon.
The total population per square mile was less than three.

The population upon these rivers will drobably increase ra|ridly,and
the towns wiU jpow in number and in sisK. Nevwtheless, the population

illli^
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