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CHAPTER 5

,

t

Legal and
Copstitutional Aspects

The Problem of the South Saskatchewan
River Developnlent " Project . A memo-
randum by John J. Connolly, Q .C.

THE purpose of this memorandum is to set
out the scope of the C'oaallllsslon's responsi-
bilities having regard particularly to legal
questions that may arise . The South Sask-
atcheivan River is an interprovincial river
and in its upper rertches some of its tributar-
ies cross the international boundary . It is
proposed to discuss the existiilg condition of
the law which touches problems connected
with its clevelopment . It. is also proposed to
consider probletns with reference to legisla-
tive competence .

The three Prairie Provinces acquired the
right, to !ontrol the bulk of their natttral
resources by agreements with the Dominion
Clovernment in December 1929 and llarch
1930. -1'llese agreements were confirmed by
legislation of the Parliament of Canada in
1930, and the Canadian legislation was rati-
fied later by th,~ Iinperial Parliament . It is
important to understand the effect of these
agreements .

Before these three - provinces were co»-

stituterl certain hands, including, of course '.
waters and water powers in that. area, were
owned by the Crown in right of Canada .
When the Prairie Provinces were established,

these lands, water powers and so forth were

not Ilandecl over to the administration of
the provincial authority but were retained by
the federal Crown . In summary, the effect
of the agreements in 1 930 was merely to
transfer the lands and properties still held
by the Crown and administered by the fed-
eral authority, to the administration of the
provincial authorities . The 1930 federal
legislation conferred no new sources of legis-
lative jurisdiction upon the legislatures of
any of the provinces concerned . All that the
1030 lnt;islation accomplished was to transfer
to the several provincial authorities, con-
eerned, additional Crown assets to be admin-
isterecl by them, subject to the provisions
of the several agreements, and adnlinistra-

t ion by the federal authority came to an end .
It. is to be borne in mind that, the federal

t;overnment had granted lands prior to 1 930
to private individu ais . These grants, of
course, were not disturhecl by the 1930 agree-
ments. As regards the ownershii) of lands
and water powers in the Prairie Provinces,
the position prior to 1 030 was that they were
owned, to sonie extent, by private individuals
who _hacl _ ncqt.2irecl the lands mncler grants
from the Crown, the C .P.R., the Hudson's
Bay Company or other private individuals,
and there were lands and water powers
owned by the Crown and administered by
the federal autllorit,y . The lands owned by
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the Crown in right of the provinces and
administered by +hem were comparatively
insignificant . After 1 930 certain lands and
water powers continue([ to be helcl by private
individuals, but. virtually all the remaining
lands own.ed by the Crown came under the

administration of the several provincial gov-
ernnients . The 1 930 legislation, tlierefore,

gave to the governments of each of the three
Prairie Provinces new assets to administer
but it clid not. give them any new sources of
legislative powers .

There may be a Inisunderstanclinb arising
out of the use of the terni "natural
resources" . It appears to be considered that
the agreements of 1930 transferred to the
provinces all the natural resources in the
provinces as a matter of ownership and all
legislative power in relation to them . In
fact, as already indicated, they transferred
only certain assets and did not. change the
distribution of legislative power. The co ►i-
fuslon arises in the use of the terni -`natural

resources" in two ways . In a political sense,
the Natural Resources Agreements of 19 30
transferred from the federal Crown to the
provincial Crown the right or power of

administration over all natural resources in
the said provinces then still unalienatecl by
the federal Crown . The effect of the legisla-
tion was to giv,~ the Prairie Provinces the
saine power with respect to the natural
resources within their boundaries as the
original provinces to Confederation acquired
by virtue of Section 109 of the B .N .A. Act .
In the political sense, thérefore, the prov-
inces acquired their natural resources in
1930. In a legal sense, however, as already
indicated) it was merely a transfer of the

administrative rights over the rciuaining
assets without affecting legislative power .

Following the depression and the drought
of the early Thirties, the federal government
decided that some special action was required
for the relief of people in the Prairie Prov-
IIICCs. Accordingly in 1 935 the federal
Parliament enacted the Prairie Farm
Rehabilitation Act as Chapter 23 of that
year. The Act was amended in 1937 by
Chapter 14 of the Statutes of that year . The
purpose of the legislation is best expressed
by the following excerpts from the Act as
amended.

"4 . The Advisory Committees shall con-
sider and advise the IUinister as to the
best methods to be adopted to secure
the reliabilitation of the drought and
soil drifting areas in the Provinces of
Manitoba, Saskatchewan and Alberta,
and to develop and promote within
these areas systems of farm practice,
tree culture, water supply, land
utilization and land settlement that
will afford greater economic security,
and to make such representations
thereon to the Minister as the
Advisory Committees may deem
expedient .

10. The Minister may,
(a.) subject to section four of this Act,

undertake the development, con-
struction, promotion, operation
and maintenance of any project

or scheme under or by virtue of
this Act, or ;,nter into agreements
with any province, municipality
or person with respect thereto .

(b) pay all necessary administrative
expenses incurred under the Act
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ancl all necessary travelling all(l

living expenses incurrecl by ofli-
cinls or employees in performance
of their duty .
(2) No single project or scheme

tuicler this section involving all
expenditure in excess of tell thousand
dollars in any fiscal year sllclll be
undertaken without the consent of
the Governor in Council .

11 . The 1XIitlister may, for the purposes
of this Act, and with the approval of
the Governor in Council, purcllase,

lease or otherwise acquire, or sell,
lease or oullerwise dispose of, any
lands or promises which may be,
required for or included in any project
or scheme, upon such terms or condi-
tions its he may cleeni desirable . "

Under date of June 19, 1947, P.C. 2298
was passed by the federal government . This
order in council laid clown certain principles
to t;overn the policy of the federal govern-
Illellt 111 connection with the construction of
large water development projects by the
P .T.R .A . organization if the same were
approved by the Governor in Council . The
pertinent parts of P .C . 2298 are as follows :

"1 . Before Cttllacla. undertakes the con-
struction and operation of a project
it will be necessary for the province in

whicll the project is located to enter
i ll to ti Il agreement :
(1) to transfer any water rights

required for he construction and
operation of such project ;

(2) to make available to Canada any
Provincial Crown lands wllich
may be required for dam site,

2 .

~ .`3

4 .
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reservoir or canal right-of-way
purposes in Conilection with s11C11

project.

(3) under which the water will be
utilized by the Province or some

other authority or organization
on the terms set out, in such
agreement .

Canada will operate any project con-
structed puI'stlaIlt to this policy in

such a way as to nlaintain so far
as possible the minimum flow deter-

mined by the Prairie Provinces Wator
Board for the stream upon wllich the
project is constructed ;
Canada will make a legal survey of
any lands necessary for the construc-

tion, operation and maintenance of
the portion of any project to be con-

structed by Canada pursuant to this
policy and will file a plan or plans of

such survey in the appropriate Land

Titles Office and in the Water Itesour-
ces Office of the Proviilee .
In the construction of all irrigation

project hereunder Canada, will under-
take and assume responsibility for the

construction of the main reservoirs
and any connecting canals, and will
be responsible for the maintenance
and operation of such works ; Callada
will cleliver to the Provinces such

water as it is agreed the Province will
utilize at such place and for such
fee as may be agreed upon between
Canada, and the Province. If the
Province does not desire to utilize all

of such water Callade, may enter into
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arrangements with others for the
delivery and use of any water not
taken by the Province. "

IMany agreements have been concluded
between the Dominion on the'One ]land, and
each of the four Weitern Provinces on the
other, to carry out recomlien clations made
uncier the P.F.R .A. Some of these agree-
I llents were llltiCle prior to the pass age of
P.C. 229S . Some projects were vcry small .
Uthers like the St . Mary River Irrigation
tlroject were very substalltial undertakings .
I think it proper to cay that, projects under-
tal:en under the P.F.R .A. have all been
special projects designed to afford relief and
assistance in the light of circumstances exist-
ing at the tinle . It does not appear that
any special attention was paicl to the legal
rigllt .s of riparian owners dowllstream to the
location of the project in question . In any
event, the projects proposed and developed,
do not appear to have been part of an overall
plan designed to be in the best interest .s of
all the Prairie Provinces or of Canada as

a whole. This is not to say that the projects
planned and completed were not in the
interests of the Prairie Provinces at large
and of Canada. It is to say, however, that
the approach to the various schemes of
development under the P .F.R .A. was not
made from this point of view as set out in

the Order in Council establishing this Royal
Commission and which must govern the
recommendations which the Commission is
to make .

At this point it is perhaps important to
consider the Prairie Provinces Water Board .
P.C. 2297 of June 19, 1947, is an Order in
Council authorizing the Dominion Minister

of Agriculture to execuie an agreement with
the Governnlents of Alberta, Saskatchewan
and Manitoba to establish the Prairie Prov-
inces Water Board . It will be convenient
to outline here the recitals contained in that
Order in Council .

"WHEREAS the construction of water
development projects in the Provinces
of Alberta, Saskatchewan and Manitoba

involves the use of inter-provincial
waters ;
A ND ~~''HEKH)AS no provision has been
made for determining the allocation of

the said waters between the provinces ;
AND WHEREAS it is desirable tlla.t the
most beneficial use be made of the avail-
able water resources of the three Prairie
Provinces ;
AND WHEREAS it is considered desirable
by agreement with the Governments of
the Prairie Provinces to establish -a
Board for the purpose of allocating the

said waters and making recoiilnlenda-
tions as to their beneficial use ; "

The agreement which the Minister of
Agr.1cillttire was authorized to complete
under P.C. 229 7 was dated July 28, 1948 .
The following are extracts from that agree-

ment which bear upon the questions herein
discussed.

"1 . Manitobk, Saskatchewan and Alberta
and Canada agree to establish and there is
hereby established a Board to be known as
the Prairie Provinces Water Board to consist
of fivè-menlbers to be appointed as follows :

(a) two members to be appoi,nted by the
Governor General in Council, one on
the recommendation of the Minister
of Mines and Resources, and one, who
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shall be C;hairinan of the Board, on
the recomniendation of the Minister
of Agriculture ;

(b) one member to be appointed by the
Lieutenant Governor in Council of
each of the Provinces of INIanitoba,
Saskatchewan and Alberta .

"2 . Punctions

The functions of the Board shall be to
recommend the best use to be made of inter-
provincial waters in relation to associated
resource,-, in Manitoba, Saskatchewan and
Alberta and to recommend the allocation of
water as between each such province of
streams flowing from one province into
another province .

"3 . Composition of Board
The nnembers of thè Board shall be chosen

from those engaged in the administration of
water resources or related duties for Mani-
toba, Saskatchewan, Alberta or Canada, as
the enso may be, and shall serve as inemb~rs
of the Board in addition to their other duties .

"4 . Ditties of Board
The duties of the Board shall be as follows :
(a) to collate and analyse the data no«-

available relating to the water and
associated resources of interprovincial
streams with respect to their utiliza-
tion for irrigation, drainage, storagé,
power, industrial, municipal, naviga-
tion and other purposes ;

(b) to determine what other data . are
required from time to time in order to
reach decisions on questions referred
to it and to make recommendations
to the appropria.te governmental
organizations concerned for the carry-
ing out of such field surveys, power
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investigations, soil surveys, establish-
ment of -gauging stations, economic
studies relating to drainage and flood
control and all similar work whieh
the Board considers necessary to sup-
ply : information required for the
proper performance of its duties ;

(c) upon the request of any one of the
three ProYinces or the Dominion to
recomnlend the allocation of the
waters of any interprovincial stream
among the respective Provinces ;

(d) to report on any questions relating
to specific projects for the utilization
or control of cominon river or lake

systems at the -request of one or more
of the Ministers or authorities charged
with the administration of such river
or lake systems ,

"5 . Confir»tatzott of Board's Recotta»ienda-
tions

A recommendation of the Board with re-
spect to any matters referred to it under
Subsections .(c) and (cl) of Section 4 hereof
shall become effective when adopted by
Orders in Council passed by Canada, and by
each of the Provinces affected thereby .

"9 . Reports

The Board shall subnli t an annual progress
report outlining work done and work con-
templftited in the agreed program to each of
the responsible Ministers of the parties
hereto and such other reports as may be
required by any one of such Ministers . '

"11 . Each of .the parties hereto agrees that
it will not within the limits of its jurisdiétion
coiistrttct or permit the construction of any
project that will interfere with the allocation
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of waters resulting from a reconimendatio»
of the Board duly adopted pursuant to Sec-
tion 5 hereof .

"12. Any water development project
already constructed or to be constructed by
any one of the parties hereto shall be so
operated as to maintain as far as possible
the allocatioa of water determined by the
Board ."

It is apparent that the functions of the
Prairie Provinces Water Board are advisor.y .
The members of the Board are public ser-
vants employed by the various interested
governments. ~s a result of the terms of
section 5 of the agreement, the pr6posals of
the Board becomé effective only after each
of the governments who are parties to the
agreement implement• the recommendations .
Tlius each government interested has a veto
power under the agreement for every recom-
mendf:tion.

I understand that there has been some dis-
cussion before the Prairie Provinces `Vnter
Board on the merits of the South Saskatch-
ewan River project as outlined in the report
of the P.F.R.A . dated April 2, 1951 . No
decision has been reached .

It is now important in the light of this
background to consider P .C. 4435, dated
August 21, 1951, which is the federal
Order in Council appointing this Commis-
sion . The terms of reference are as follo«•s :

". . . to conduct an inquiry into the following mattere,
namely :

Whether the economic and social returns to
the Canadian people on the investment in - the
proposed - South Saskatchewan River Project
(Central Saskatchewan Development) would be
commensurate with the cost thereof ;

Whether the said project represents the most
p'rofitable and desirable use which can be made of
the physical resources involved .",

The following paragraph is of importance.

"0 . That the Commissioners be further author-
ized to include in their examination and to report
upon all matters which the Commissionera may
cor_sider pertinent or relevant to the general scope
of the incttdry." -

These ternis of reference are very broad .
Under them, the Commission is charged with
making a. report to the Federal authorities on
the "most profitable and desirable use" which
can be made of the resources in question, in
the .interests not only of the people of the
Prairie Provinces, but of the Canadian
people as a whole. This work might have
been done by the P .F.R .A . organization . It
might have been (]one by the P .P.W .B .

The findings of the Commission do not.
commit the Federal Government to imple-
ment ' the report . It. might be accepted,
rejected or modified . Likewise, of course, the
report would not commit, any Province to
any action .

If there is disagreement ►tmong the author-
ities of the varions Provincial Govel-nmeiits
concerned, as to their several rights to the
consumptive use of the water of the South
Saskatchewan River, that disagreement must
not deter the Commission from making its
report as P.C . 4435 demands . "The most
profitable and desira,ble' use which can be
made of tlie resources involved" will take
into account such factors as economics, costs,
engineering, best land uses, hydrn••èlectric

power, alternative sources of power avail-
able, up and down river interests and the
effect of varying these in the interests of the
conlmunity as awhole,- and the like. When
this report is -made the parties concerned
would be in a position to consider its imple-
inentation. -
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Expressions like "Provincial Rights", "The

with the 1930 Î+è'cleral Legislation which

The Commission, h , wever, should be
aware of the position in law .

In view of the fact that some of the tribu-
taries of the South Saskatchewan River
have their origin in the United States, there
is an international aspect to the problem :
Through the International Joint Commis-
sion the Americiln authorities have clnimed
a certain quantity of the water in the
resource as their own . The amount is rela-
tively small . However, it should be pointed
out to this Commission that all the water
in the system is not available for use in
Canada, and accordingly any allocation
made in Canada should respect an alloca-
tion made by the International Joint Com-
mission for consumption in the United
States.

The allocation of water from the resource
among the three Prairie Provinces raises
legal questions and question,, of jurisdiction .

Rights of the Provinces to control their own
natural resources", "The Rights of the
Provinces to legislate in respect of `Property
and Civil Rights in the Province' " eoupléd

returned to each of the three Pra.iriu, Prov-
inces control over the great bulk of their
natural resources, may engencler the opinion
that, each of these provinces has Certain
vested rights in the resources in question
which could forestall their development in
the interests of the Prairies and of the coun-
try at large. To understand the position
on this point it is important to know whnt
the Provinces are hefore--the law: ,

Provinces are not sovereign states, they
rire not legal persons . In one sense they are
geographical areas defined by statute . In
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another sense the terin "province" ~s applied
to the governments established by statute
for those areas, and having certain legisla-
►,ive, executive and. administrative functions.
Among their other powers these govern-
ments have authority to administer certain
Crown property, and the right to administer
this property has been conferred upon them
by appropriate legislation . Other Crown
property is administered b,y -Federal author-
ities. For example, when the Crown in the
right of the Province transfers land to the
Crown in the right of Canada, there is no
real conveyance of property since Her
Majesty remains theowner in either case .
What takes place is inerely a changé in
administrative control .

IHs elementary to say that the Crown is
still the same person in Alberta, Saskatch-
ewan and Manitoba . The properties owned
by the Crown, however, in each of these
Provinces are administered by different

authorities . In some cases the authority is
Provincial, in other cases the authority is
I'ederal . . For example, the Crown is the
owner of the beds of navigable streams, also
of the foreshore thereof . Such property of
the Crown is administered by the provincial
authorities . The Crown may be the owner
of harbours which were in existence in 1867,
of lands for post offices, and the like. Such
Crown property, also owned by Her
Majesty, is administered by Federal author-
ities. The Crown in the right of Canada or
in the right of the Province can be and no
doubt is, the owner of land bonlering on
interprovineial . .. streams, ___i .e, a.__ riparinn
owner.

All property is owned either by the Crown
or-by other legal persons . The fact that the
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province as such is not the owner of l ;rowii
property administered by the province, but
that it is owned by Her 'Majesty establishes
certain legal premises and raises certain
legal difficulties. For example there can be
no rights bet«•een the provinces with re :er .
ei:ee to Crown'property,- because the owner
in each case is Her Xlajesty, and she cannot
have rights against. Herself .

There is ample authority for the state-
ment. that the rules of common law apply to
the Crown elcept as varied by Statute . It
is equally clear . that the rules of common
law, except. as varied by Statute, govern
rights asserted by riparian owners other
than the Crown to the consumptive use of

may be diverted for 'a time by the upper
owner for the purpos

I
e of irrigation . The

lower riparian owner is entitled to the
accustomed fiov.; of the water for-the ordin-
ary purpose for whi6h lie as a riparian
owner can use the water. The Latin maxim
covering the right to water is stated "sic
utere tuo ut alienum non laedas" .

This is a. summary of the common law
position . This is the position apflrt from
Statute .

As between say Saskatchewan and Alberta,
or as between Manitoba on the one part, and
Alberta and Saskatchewan on the other, it
can well be argued apart from Statute that
the rigt,ts with reference to the use of th e

water- in streams. svater - are covered by the common law as
The common law rules as to the rights of aforesaid. In this background John Smith

riparian owners are not complex . It has living in Manitoba could at _ common law
been settled that the right to the enjoymen t succeed on an application for an injunction
of a natural streaili of water on the surface, and on f~ claim for .c'amages, if provëcl, ~risin ;
ex jure naturae, belongs to the proprietor out of a diversion for consumptive use by
of the adjoining lands, as a natural incident a riparian owner in Alberta who had Cllmin-

- to the right , to the soil itFélf, . . . . . . he has ished the natural flow of the South Sask-r3
the right- to hay

,
e it come to him in its atchewan River in front of his property . It

natural state, in flow, quantity and quallt•y, might well be asked if, the common law
and to go from him n•ithout• obstruction ; doctrine of riparian rights riins beyond the
upon the same principle that hé is entitled P='ovincial boundary . There would appear
to the support of his neighbour's soil for his . to be no'authoritative decision on the precise
otivr-_:~-__its ._ua.turnl__.state . .__ -These_. riparia~t point . -Statutory law, however can change,---- --- ---- -- -------
o«•ners rights :are not :,,anded on the owner- the common law rules, and specifically, valid
snip of the bed of-the river but upon right statutory- law can change the common law
of access, to the water . No riparian pro- rules to confer a right of diversion of water
prietor has any property in the water itself for consumptive use .
etcept in that particular portion which he If a diversion for consumptive use in any
may choose to abstract from the stream to of the three Prairie Provinces from the South
take into his possession, and that during Saskatchewan River is to be authorized, and
the time of his possession only . Under cér- the common law rulè abrogated, the question
tain circumstances, and-provided no material , arises as to what legislative body is coiu-
injury is clone, the water may be used and petent to enact the required legislation . By
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subsection 13 of Section 92 of the British
North America Act a provincial legislature
may make la«s respecting "Property and
Civil Rights in the Province." Thus Alberta
may legislate to preveiit an action by an
Eastern Alberta riparian owner against a,
Western Alb^_rta authori'ty which R ould
diminish riparian rights Of ~he Eastern
Albertan

. However; -it is not- competent for--a- pro-----
vincial legislature to legislate with reference
to property and civil rights "outside" the
province. The Privy Council has held that
the legislature of the Province could not
legislate validly in derogation of a civil right
outside the province . In other, words, it can
be argued that such legislation as above men-
tioned by the Province of Alberta would not
be effective to deprive a Saskatchewan -
resident of his riparian rights' against a n

- lll~~tn a~rthoritywhich--infringed them- .--------
tiVhile it cannot be determined with any

great cerfiaintv ► what legislative body, Federal
or Provincial, is competent to enact suitable
legislation to vary the common law, in cer-
tain circumstances the Federal t ;overnmen

t could assert jurisdiction.
For example, the Federal parliament might

declare a project for the development of the
resource in question to be a work "for th e

eiiërtil- . :~1~i~~~ïiit~g~_--of--Canada -or for -- the -- -
Advantage of two or more of the Provinces",

under. Section 92 (10) (c) of the B.N .A. Act :
Such a declaration would give the Federal

authority jurisdiction . In certain 'circum-
stances it might be possible for the Federal
authority to claim jurisdiction under the
general powers contained in Section 91. of the

B.N.A . Act . This enables the Federal author-
ity to make "laws for the Peace, Order, and
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Good Government of Canada, in relation to
all Matters not coming within the Classes of
Subjects by this Act assigned exclusively to
the Legislatures of the Provinces ." It is to
be noted that this is not a ina.tf,er assigned
exclusively to the legislatures . of the Prov-
inc'os by the B.N.A. Act .

It should be pointed out also that the
Federal Government in certain circumstances

_ _«,ould-ha-ve-authorit-y underSections-5G ._Anc1
90 of the B.N.A . Act to disallow legislation
by one provincial authority if that legisla-
tion is in derogation Of rights existing in
another province .

At the hearings in Saskatchewan it was
contended on behalf of the Governinent of
that Province, that the doctrine of "equit-
able apportionment" which applies in cer-
tain jurisdictions in the United ` States,
should be the doctrine to be applied to thi

s interprovincial. - river-,-----It ----was_ .. adniitted,-___:,:- :
however, by Counsel for the Government of
SAskatcliewa'n that the doctrine in question
is not, the law in Canada. It was proposed
that it should be the principle used and that
this condition should be brougl,t about
through agreements with the various Gov-
ernnients 'concerned .

In addition I should point ou t that it
was part of the agreements concluded

----bet«=eelrthe-Dominion-and- the- four_ .Western___ .____
Provinces when the administration of their
assets was handed over to the provincial
authorities, that all contracts and leases for
the alienation of resources made by the
Dominion prior to the transfer should be
honoureçl . This is a factor which should
receive appropriate consideration .

It is obvious from the tibove that there is

oreat uncertainty as to the legal position



Royal CUnnnission-on-South Saskatcketeraa-River - -

and as to jurisdiction . Perhaps this is not
unusual in a new country . . There may be
further complications arising from condi-
tions of land tenure in the West e.g. the
rights of the Hudson's Bay Company, of
the Crown in the right of the Dominion,
of the rights acnuired by the C.P.R. and
others . The position of the Federal author-
ities with reference to navigation rights is
a further possible complicating factor .

There maÿ'be others .
I therefore suggest that. the Commission

make its finding as required by P .C. 4435.
Such findings should touch upon problems
of economics, costs, engineering, irrigation,
and other matters . I think it might be

stated the Commission is advised that to
carry out its recommendations may involve

the solution of complex legal problems and
problems of jtu•isdiction about which there
is at present considerable uncertainty. It
might be added that it is thought the scope
of the Commission's terms of reference do
not include the making of suggestions to
slvë thësé proliIéi~ïs, but t}iiït___if tlïé Co-m-------o
mission' .. findings are to be implemented, no
doubt such legal and jttrisdictional obstacles
can be overcome . I think it should the ,:
be left to the authorities concerned to solve
the legal and jurisdictional problems if the y
could agree on the report of the ommission

as made or as they might agree to vary it.

Legal Aspects of the South Saskatchewan
River Development Project. A memo-
randuln by H. Carl Goldenberg, Q .C .

-'FriF proposed-.-tieNlelopnietit--'of--the- _.Sottth-
Saskatchewan River for irrigâtion and power
purposes in the - Province of SaskatelieWan
invites consideration of the respective rights
of the three Prairie Provinces in the waters
of this interprovincial river . These rights
are subject to such rights as the Unite d

•States may have in the headwaters of the
river and to the rights of Canada under the
.Navigable Waters Protection Aet, which are
nôt herë consi~léréd .

.-__-_ .____------ .---__ --._- .- .- _

The South Saskatche«•an, with its head-
waters in _l~Iontana, and southern Alberta,
flows into Saskatchewan where, north of
Saskatoon . it joins with the North Sask-
atchewan to form the Saskatchewan River
which flows into Lake Winnipeg, in Mani-
toba, and by the Nelson River empties into
Hudson Bay. Wo~,ks erected on the South
Saskatchewan for irrigation or power pur-

poses within the boundaries of one province
Iilay, therefore, affect the flcn, of water into
another province . { '\ --
-----Before- .1030-cont.rol- .of
of the Prairie Provinces vested in the Gov-
ernment - of Canacla. and such waters were
undei a. single administration: With the
transfer of-the hatural resources to these
provinces in 1 930, the single control and
administration was replaced by divided con-
trol in that TManitoba, Saskatchewan and
Alberta acquired jurisdiction over the watèrs _
within their respective boundaries . Each -of
.th,-- __province-s-e-st~a.blishetl ~ sepal ate-xva#er- . - .- - - -
administration office.

I-Iaving regard t~ the common interest of
the three provinces in the waters of the river,
ssystem and to avoid interprovincial disputes

which might arise from water diversions in
any one province, the formation of an inter-
provincial hoard to recommend the best uses

of the water and its allocation 4as discussed
shortly afttr the transfer of the resources to
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the provinces, but a satisfactory agreement
could not then be reached . Some years later
Manitoba became concerned with the
possible effects of large water diversions in
Alberta upon .lake levels and water poty.er
possibilities in the lower regions of the drairi-
age basin and an agreement for the creation
of an interprovinciàl board was reached i n

--- --- t h -- -is------------ ------- ------ - ---to
g - --ive1945. As agreement failed

recognition to participation by the Gov-
____

- cing irrigationeinment of Canada in fin-a n
projects, the interprovincial board was in
1948 replaced by a Federal-Provincial board
under the name of the Prairie Provinces
Water Board .

The agreement of July 28, 1948,
between the governments of Canada, TMani . .
toba, Saskatchewan and Alberta, which pro-
v}ded for the establishment of the Prairi e
Provinces Water Board consisting of repre-
sentativés of each of these governments ,
declared that :

"The functions of the Board -,-hall be to recoin-
mend the best use to be made of interprovinc ial

waters in relation to associated resources in Mani-
toba,. Saskatchewan and Alberta and to recommend
the allocation of water as between - each suc h

from one province into}>rovince of streaun s flowing
another province ."

Among the duties of the Board are the
following :

going sections of the agreement be,conies
effective when adopted by Orders in Council
passed by Canada and by each of the prov-
inees affected thereby .

A number of projects submitted for the
recommendation of the Board affecting
waters allocated by the governments of Can-
ada and of the provinces prior to the forma--- ---- -
tion of the Board have been approved and
duly confirmed. When, however, an alloea-

_
tion of water for the South Saskatchewan
project was requested by Saskatchewa'n in
1951, Alberta's representative presented an
alternative project for consideration and .

supporte,! by Manitoba's representative, sub-
mitted that it was the fu;ietion of the Board
not merely -to allocate water having regard

to the available supply, as submitted by
Saskatchewan, but also to take into consid-
eration the economics of the proposed pro-

--jects having-regard-to-the-most-beneficial-use--------
of the water . The resulting disagrtement as
to the functions of the Board has been refer-

red to each of the gôvernments for its con-
sideration .

In its submission to the Royal Commis-
sion on the South Saskatchewan River
Development the Government of Alberta
has _ drawn attention to this interprovincial

_problem as it -affects _ the_proposed develôp-
ment. Manitoba, pointing out that its share
of the Saskatchewan River is "the residue
remaining after approved appropriations
are made effective in other provinces", has
also drawn attention to the possible adverse
effec s of the proposed development upon
its resources through a decline in the poten-
tial capacity of the power sites on the
Dauphin and Nelson Rivers .

"upon the request of any one of the three
Provinces or the Dominion to recommend the
allocation of the waters of any interprovincial
stream among the respective Provinces ;

"to report on any 'questions relating to
specific projrcts for the utilization or control of
common river or lake systems at the request of one
or more of the Ministers or authorities eharged with
the administration of such river or lake systems . "

A recommendation of the Board on any of
the matters referred to it under the two fore-
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With the assertion by each of the prov-
inces of its rit;hts to the use of the surface
waters of the river system, and a reference
by the Government of Alberta to possible
legal disputes sinl,ilar to those «•]licll have
arisen in connection with the use of inter-
state Nvaters in the United States, it becomes
tlecessary to consider the nature of the
rlghts tllu5 tlssertéd . 'I llese rights, as such,
cto not. zippear to have been adjudicated
by tlle C'atlacliali courts but the coi•resiiond-
illg rights of the States have given rise to
considerable litigation in the United States .
It may, therefore, be useful to examine th e
jurisprudence
diversion and
stretllns .

in cases arising from the
use of waters in interstat e

The decisions of the Supreme Court, of
the United States have been based upon the
principle of "equitable apportionlnent" o f

_____ int erstate ~~aters. the basis of equ ality
of rights, this doctrine lits the decision to
the facts of the controversy, without aclller-
ellce to any 1)flrtlclllal' forlmula . T .le

doctrine ' stems from the 1 907 opinion in
Kansas v . Colorado .1 Kansas claimed the
right to have the Nvatei- of the Arkansas
River flow into Kansas undiminished in
quantity and unimpaired in quality . On the
other hand, Colorado denied that it had in
any- sttbsturrtitil_,n~tttiiier- diminished -the flow
of the Arkansas River into Kansas . The
Court found that, while Colorado had dim-

inished tlhe flow into Kansas by appropria-
tion for irrigation purposes, the result had

been reclamation of large areas in Colorado
and that the ensuing diminution in flow

had caused little if any detriment in
Kansas" .2 Accordingly, the Court refused

to enjoin Colorado,' sa.yilig tha.t : -

"We must consider the effects of what hn, : I,ren
done upon the conditions in the respective States
and so adjust the dispute upon the basis of
equality of rights as to secure as far as possible
to Colorado the bene8ts of irrigation without
depriving Kansas of the like beneficial effects of a -
flowing streani ."3

In delivering the opinion- of the Court,-
1-Ir. Justice Brewer said that notice must be

taken that the local law of Kansas govern-

ing water rights was the Common Law
doctrine of riparian rights ~tnd, further, that

it recognized the right of appropriating

waters for irrigation subject to the protec-

tion of the equal rights of other riparian
proprietors . The Court thëi•efore held ihat :

"As Kansas thus recognizes the right of appro-
---printing-the-«atrrs- of-a-stre :im-ior-the-pnrposes-of----

irrigation, subject to the condition of an equitabl e
divi :,ion bct«•cen the riparian proprietors, she can-
not complain if the saine rule is administered

between herself and a sister State ." 4

In the case of Wyoming v . Colorado .(259

U .S. 419) the State of Wyoming sued the

State of Colorado to prevent a proposed
diversion in Colorado of the waters of the

Laramie River, a non-navigable interstate
stream, for purposes of irrigation . In both
st>;ltes the law governing water rights was

not the Common Law doctrine of riparian

rights but the statutory doctrine of "prior
appropriation" under which priority of

appropriation gives sunerlority of right . In

NO U.S. 40 .
=\t'ntc,r Resources Law : Report of the Pretiident's «'ater Resources I'olic)• Commission, N'A . 3, 1 950, pp . 59 •00 .

; 900 U.S . 100 4 206 U.S. 104•105 .
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delivering the opinion of the Court, Mr .
Justice Van Devanter said, at p . 466 :

"The contention of Colorado that site as Si
State righlft ►Ily may divert and use, as she may
choose, the waters flqwing within ber boundaries
in this interstate stream, rel;arcllcss of any prejudice
that this ► nay tvork to others having rights in the
stream bc .ov her boundary, can not be main-
taifiecl . The river th: mighout its course in both
States is but- a single stream whe`rein . each State
has an interest which should be raqpectecl by the
other . "

And at P. 484 :

"The question here is not what one State should
do for the other, but how ench should exerci=e
lier relative rights in the watt .s of this inter-
state stream . Both are interested in the stream
and both have gre,tt need for the tvater . Both
subscribe to the doctrine of appropriation, and by
that doctrine rights to water are mcnsnred by
what is reasonably rcquired and applied . Both
States recognize that conservation within prac-
ticable limits is essential in order that needless
waste may be prevented and the largest feasible
L Ç_m be-_çeçured .__ 1► is coiort s ~~•ill ► the all-
pert•adin~ spirit of the doctrine of appropriation
and takes appropriate heed of the nnttn•1l neces-
s it ies out of which if, arose . We think that doctrine
lays on each of these States a duty to exercise her
right reasonnbl,v and in n manner calculated to
conserve the common supply . "

The- rule of equitable npportionnient was
followed in the case of New Jersey v. New
York ( 283 U.S. 336) . In delivering the
opinion of the Court, Mr. Justice Holmes

"A river is more titan an amenity, it is a
treasure . It offers a nece s ity - of life that must
be rationed nmong those who have power over
it . New 'York has the physical power to :nt off
all the water w ithin its jurisdiction . But clearly
the exercise of such a power to the destruction of
the interest of lower states could not be toler a ted .
And on the other hand equally little could New
Jersey be permitted to require New York to give
up its power cltogether in order that the River
might come ctown to it undiminished . Both States

17 1

have real and substantial interests in the River
that must be reconcilccl as best they n ► ay be. The
clifferent traditions and practices in different parts
of the country may leacl to varying results, but
the effort always is to secure an equitable appor-
tionutent without qttibbling over furnmlas ."

In I-Iinclerlicler• v . La. Plata River :m(I
Cherry Creek Ditch Co . ( 304 U.S . 92) the
Supreme Court tlgnitl applied the principl4

- --
of équita blë -,,I pportiôiliïiënt .

_
Lï

_
this

_
case

_
tllë

Court had to consi ( ier a - compact-bëtwee n the
States bf -Coloraclo -6ncl- i\Téw Mexico pt•ôvicl=
in g for an equita ble apportionment of inter-
state waters to secure the greatest bene ficia l
use thereof. In delivering the opinion . of
the Cout•t, Mr . Justice Brandeis spoke
favoura bly of such interstate compacts,
pointing out, at p. 105, that "resort to the
judicial remecly is ilever essential to the
acljtrstment of interstate contro versies, unless
the States are unable to agree upon tile-
terms of a compact, or Congress refuses its

-------
-

- -
COI1SCllt

.}~-

In New York v. New Jersey (256 U .S. 96)
the Court a lso suggested that, intersta te
water disputes inigllt be better solved by
illterst ate compacts :

"We cannot withhold the suggestion inspireci by
the consideration of this case, that the grave
problem of se wage disposal presented by the large
and t;rotc•ing populations living on the shores of
New York Bay i s one ►nore likely to be wisely
solved by coopérative study and by conference__ .__ _ _
and mutual concession on the part of representa-
tives of the States so vitally interested in it than
by proceeclings in any court however constituted . "

In its decisions an the rights of States ro
divert and use waters in intersttI te streams,
the United States Supreme Court has thus
established thttt :

(a) The waters o f a non-navigable stream .
rising in one State and fio~ving into all
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adjoining State may not be disposed The Im governing water rights in the
of by the upper State as it may choose Provinces of Manitoba, Saskatchewan and
regardless of any in jury or prejuclice Alberta is- the Common Law doctrine of

to the lower State; riparian rights.5 In 1 930 and 1931, follow-

(b) Each State has an interest in the jng the transfer of the natural resources to

common . stre"1I11 which must be the Prairie Provinces, each of these provinces

respected by the other and such jllter-, en cted legislation on . water rights, ~ as

ests must be reconciled as best --they follows: -

---inay--be;- Manitoba: The Water Rights Act (1940
(c) Each State is entitled to an equita~le Revised Statutes of Manitoba, cap .

apportionment of the waters of the 230) ._----- ------
stream ; Saskatchewan: 'I'he Water Rights Act

(d) L:quitab :e apportionment cloes not (1940 Revised Statutes of Sask-
necessarily imply an equal division of - atchewan, cap . 41) .

the water but is to be determined by Alberta : The Water Resources Act

the facts of the case and not by adher- (1942 Revised Statutes of Alberta,
ence to any particular formula; cap. 65) .

(e) It is not unreasonable to enforce The basic rights of riparian proprietors
agajnst. a State its own local rule
governing water rights, although in

Connecticut v. Massachusetts (282

are protected by each of these Acts . Section
6 (3) of the Manitoba Act reads'as follows :

°\othing contained in this Act or the regula-

'U.S :-660) thé-t,Ôtll`t 1)i,, 1lteCl-out-thllt---__-tions--shall--interfere---with-or- . bc--understood_a s

"«'hlle the municipal law relating to
like questions between individuals is
to be taken into account, it is not to
be deemed to have controlling weight"

in suits between States .
The Sapreme Court has also suggested
resort to inierstate compacts as a more satis-

factory means of settling disputes arising
fi•Qm_,the use of w

-
aters_ininterstate streams :

In the absence of Canadian precedents,
the rules laid down by the United States

Supreme C uI't may usefully be considered,
in so far as they may be applicable, in deter-
mining the rights of the three Prairie Prov-
inces to use the surface maters of an inter-

provincial river .

a e .g ., Groat v. City of Edmonton, 1028 S .C .R . 522 .

intended to interfere w ith the right of any person
o«•ning or occup y ing any land which adjoins any
river, stream, lake or other body of water referred
to in this section to use such quantity of its waters
as lie may require for domèstic or industrial
purposes on the land but lie shail not be ent itled
to the right of impounding or diverting nor shall
he impownd or divert from any such body of
water by any dam, pipe, flume, channel, ditch, or
other means u sed in the impounding or diversion
of water any water lie may require unless au 'hor-
ity therefor has been obtained under the pro-
~=ieion s

Section 7(2) of the Saskatchewan Act
and section 5 (3) of the Alberta . Act con-
tain the sanie provision with the exception
that the protection of the riparian right is
restricted to the use of water for domestic
puI'1)oSes .

t
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"Domestic purposes" is defined in the saine
way in each of the Acts as including house-
hold and sanitary purposes and all purposes
connected with the watering of stock and
the working of agricultural machinery .

"Industrial purposes" is also defined in
each of the Acts in substantially the same
way as meaning the operation of railway s
and-factories :

Appropriation of water rights otherwis e
than under the provisions of- the statutes is -
prohibited by each of the Acts . Section 8
of the Alberta Act and section 11 of the
Saskatchewan Act are the saine as section
8 of the Manitoba Act, which reacls as
follows :

"Unless acquired by a grant made in pursuance
of some agreement or undertaking existing at the
time of the coming into force of this Act, no

be
use of the water in any river, stream, watercourse, granted wherè the proposed use of the water would
lake, creek, spring, ravine, canyon, lagoon, swamp, deprive any person owning lands adjoining the

-marsh,-or-othcr-body-of-water--ehall-be--aequired----------river,-stre3 .m,-- lake--or--- othér_source__of_ supply__of-_- _
by any riparian owner or any other person by whatever water lie requires for domestic and
length of use or otherwise than as it may be industrial purposes . "

purposes ; (4) irrigation
other like purposes ; (6)
purposes ; (%) mineral
poses .

purposes ; (5)
mineral water
recovery pur-

Alberta : (1) domestic purposes ; (2)
municipal purposes ; (3) industrial
purposes ; (4) irrigation purposes ;
(5) water power ; (6) other purposes .

While in Manitoba and in Alberta applica-
tions for water rights have prece,lence
according to-the-respective dates-of--t-lieir-fil-
ing, an amendment to the Saskatchewan Act
in 1951 provides that precedence of applica-
tion does not, entitle-the applicant to a prior
right to water .

Section 11 of the Manitoba Act further
protects the rights of riparian proprietors,
as follows :

right to the permanent diversion or to the exclusive "No application for any purpose shal l

acquired or conferred under the provisions of this
Act or the regulations . "

Each of the Acts protects existing licensed
rights to water granted prior to the coming
into force of the Act and provides for the
acquisition of rights in water which is the
property of the Crown for various purposes
and for the construction of necessary work s
therefor, upon application made under the
Act. Such applications have precedence in
the following order :

iVIanitoba : (1) domestic purposes ; (2)
municipal purposes ; (3) industrial
purposes ; (4) irrigation purposes ; (5)
other purposes .

Saskatehewaai : (1) domestic purposes ;
(2) municipal purposes ; (3) industrial

Section 15 of the Saskatchewan Act con-
tains a similar provision but only with re-
spect to - water required for domestic
purposes.

The Common Law rights of the riparian
proprietor were set out in the leading
case of Miner v. Gilmour (12 Moore's P .C.
Reports 131) as follows :

"By the general law . applicable to running
streams, every ripariau proprietor has a right to
what may be called the ordinary use of the water
flowing past his land ; for instance, to the reason-
able use of the water for his domestic purpo:es
and for his cattle, and this without regard to the
effect which such use may have, in case * of a
deficiency, upon proprietors lower down the stream .
But, further, lie has a right to the use of it for
any purpose, or what may be deemed the extra-
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ordin:iry u Se of it, provided that he does not
therel>y interfet•e with the rights of other pro-
prictors, cither a hove or below him . Suhjec,t to
this condition, lie may ct,in i up tlle strennr for the
liurposv of it mill, or divert flic water for the
purpose of irrigation . But, he has no rit;ht to
inturrnpt the regular flow of the stream, if lie
thereby interferes with the lawful use of the water
by other proprietors, and inflicts upon theni it
sensible injury . "

The legislation governing water rigllts in
eacll of the Prairie Provinces asserts and
_ ---
l ) l eserv: s t; ié-- -Collllllori Liï« t•i{;ht of tliç
ripal i~lll propri -)r to the Ordinary lise of
the water_ flowitlg past his land, that is, its
.use for clomestic purposes and for his eattle
(and itI ïMallitoba for illcltlstrial purposés)
but restricts sUeh "extraordinary Use" of it
as the right 1~ o impounti or divert water,
unless lie ]las received authority therefor
limier provincial statutes .

If a rule, sueh as that laid down by the
United States Suprellle Cbllrt, a = thilt it is

tlie circum s tance s . Every riparinn proprietor is
thus entitieci to the water of his streanr, in its
natural flo w . w ithout sensible diminut ion or
increase and without sensible alteration in its
charncter or ctuality . Any invasion of this right
causing actual damage or calculated to form a claim
wllich may rit w n into an adverse right entitles the
party injureci to the inter vention of the Court ." s

If the rule, as set out, above, is applicable,
it is stlbmittecl that. each of the Provinces of
llallltol)a, Saskatchewan and Alberta has

_ leg,ll_1ights to_t11e reasonable use of th e
surface waters of tue Saskatchenf, all Rivr~t•
system, which rights must be respected ; that
11olle of these provinces may dispose of stich
waters ti'lthlil its boullclaries to the injury
or prejudice of one or bot11 of the other
provinces ; and, that a major diversion of
such waters in one province which has the
effect of diminishing the quantity or affect-
ing the quality of the flow into another prov-
jlice may llljllriously affect the rights of the
latter- pw9_Nrince.

It does not follow that, every diversion of
water Avould be wrongful . The right to
flowing water is a right incident to property
in the land entitling each proprietor to a jus

t and reasonable use of such water.~s it passes
through his land . It has been pointed out
that :

not tliliéasonal7é to cilToicë at;ailist a Slnfé~_-
its own local law governing water rights, is
app' ;etl, it. is submitted that- the respective
legal rights of the Provinces of NTtnitoba,
Saskatchewan and Alberta in the surface
Avaters of interprovincial rivers are the Coiu-
lnon Law rights of riparian proprietors ,
in so far as thèse hrovüïces are riparittn
p oprietors .

`"1he In« relnting to the rigl ► ts of riparian_ _
1>rotuictor .-," said Lord llaeuagliteu, in lôiii 1_ g-

R__ .__ ._. .

Co . v . Bankier 1)istillery Co,,7 "is «•ell settleci .
A riparian proprietor is . entitlecl to have the water
of the stream, on the banks of which his property
lies, flow cio wn as it has been accustomeci to flow
clown to his property, subject .to the ordinary use
of (lie flowing water by-ut)tur proprietors, and to
sucl ► further u s e, if any, on their part in connection
with their property as may be reasonable unde r

'Kflllsms v . Colorado, 206 U .S . 46
% 1893 A .C . 691, 6 9 8 .

"What is -sucl ► a just and reasonable use, may
often be a cliflicult question, depending on various
circum .aances. To take a quantity of water fro m

large running strëüüï for ügrièïiltiiré--ôr ninnu= -
f:rchtring piu•poses, would cause no sensible or
practicable diminution of the benefit, to the
prejudice of a lower proprietor ; whereas, taking
the snnre quantity from a small running brook
passing through urany farms, would be of great
and manifest injtny to thosç_ lielotiv, who need it
for domestic supply or watering cnttle ; and there-
fore it, would be in unreasonable use of the Nvater ,

F Per Lord Suniner in Stollnreyer Y. Trinidad
Petroleum Co ., 1918 A.C. 485, 49 1 .
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and an action would lie in the latter case and not
in the former . It is therefore, to a considerable
extent a question of degree . .," fl

The natural rights of a ripariatl proprietor
being rights incidental to the owllersllip of
property are not primarily rights of user .1 0

"All persons having lands on the margin of
a flowing stream, have, by 'nature, certain 'rights
to use the water of that stream, whether they
exercise those rights or not ; and they may begin
to exercise them when they will ." 1 1

It follows that Ilncler the strict ripariaii
doctrine, the owner of riparian rights who
makes no-use of the wZter-uiay, nevertheless,
elljoin-interference with those rights by other
proprietors . In the leading rnglish case of
Mason v. Hill,12 Lord Denman said :

"The proposition of the defendant is that the

right to flowing water is publici juris,, ;ind that the

first person who can get possession of the

stream and apply it to a useful purpose, has a
_^_good title to it apaisist all the w orld, inchcdinp the

proprietor of the land below, who has no right of

action against him' unless such proprietor has

already applied the stream to some useful purpose

also, with which the diversion interferes ; and in
default of his having done so, may altogether

deprive him of t ;,e benefit of the water, The

position that the first occupant. of running water
for a benefici:: purpose lias a good title to it, is

perfectly true in-this sense,-that neither the owner --

of the land below can lien back the water, nor

the owner of the land above divert it to his
prejuélice_ . .,But_-it is u__v~ciyçiifTerent question

whether lie eau take away from the owner of the
land below, one of its natural advantages, which is

capable of being applied to profitable purposes,
and generally increases the fertility of the soil

even when unapplied, and deprive hrm of it

altogether -uy anticipating him in its application t o

A Shaw, C . J., in Elliott v . Fitchburg Railroad Co .,
10 Cush . 101, 193, 19o ,

10 Cotton, L. J . . in Kensit v. Great Eastern Rail-
way Co., 27 CL.b. 122 .

a useful purpose . If this be so, a considerable
part of the value of an estate, which, in manufac-
turiug di .~.tricts particularly, is mu ch enhancecl by
the existence of an unappropriated stream of
water with a fall, within its limit4, rnig ht at any
time be taken away . . "

The rule that tllé. first occupapt of runlling
water who appropriates such water for a use-

ful puri)ose cloes not by the mere fact of such
prior appropriation acquire a right to a

perlnanellt, diversion or to the exclusive
--use---of---the -- water, is elnbodied - in the

water rights legislation of each of the Prairie
ProN•illces .1 3 The fact that a lower pro-
pnetôi• may have macle no belleficial use
of his riparian rights does not aflect the
case. If the rule is applietl to the provinces,
it follows, for example, that if Manitoba has
not as yet applied to a useful purpose its
rights in the surface waters of the lower
reaches of the Saskatchewan River system,
it has not tllereby-_forfeitec_1 such_ riglits ill
favour of one or both of the other provinces
which may have made beneficial use of the
waters within their botinclaries .

While it has beell sublliitteti that if rules .
such as those applied by the United States

Supreme Court in colltroversies between

States --arising-frolli the --use of--- intersto,te- ---
wa.te,'?, are applietl to similar colltrover ;,ies
between the three Prairie Provjllces, each

_i•bviiïëe, to the exteüt thrit_ it is -n ripaa•ian

proprietor, may assert riparian : jgllts iii
interprovillcial waters, it, is essential to note
that in assei•ting stlcll rights a State is con=

stitutionally in a. different position from a

11 Sampson r . IIoddinot, (1857) 1 C .B. (\' .S .) 590.
12 (1833) 5I3 .&.r1 .1 .
13 Water Rights Act (Mail .) sec. 8 ; Water Rights

Act (Sask.) sec . 11 ; Water Resources Act (Alta .) sec . 8 .
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Canadian province . The United States Con-
stitution (Art . III, sec. 2) extends the judi-
cial power of the United States "to Contro-
versies between two or more States" and
confers original jurisdiction upon the
Supreme Court in all cases in which a State
is a party . 'i'here is no corresponding pro-
visioli in the British North America Act for
the adjudication of controversies between
provinces. Parliament has, therefore, pro-
vided for such fldjudication but with due
regard to the coiïstittttional position of the
provinces . The Exchequer Court Act (1927
R.S .C., cap. 34, sec. 31) provides as follows :

"When the legislature of any province of
Canada has passed an Act agreeing that the
Exchequer Court shall have jurisdiction in cases
of controversies ,

(a) between the Dominion of Canada and
such province ;

(b) between such province and any other
province or provinces which have passed
a like Act ;

- the-Exchequer-,Court---shall-ha.vo-jurisdictiou_to_._.
determine such controversies .

2 . An appeal shall lie in such cases front the
Exchequer Court to the Supreme Court ."

In the case of the Province of Ontario v .
the Dominion of Canada, (42 S .C.R . at pp •
118-119), Mr. Justice Duff, of the Supreine
Court, said, «~ith respect_ to this provision :

"The 'Exchequer Court Act' confers upon that
court jurisdiction to decide a controversy such as
thts ._ It snys__nothing--n4out the ruleto beapplied
in reaching a decision ; but it is not to be sup-
posed that (acting as a court) that court is to
proceed only upon such views as the judge of the
court may have concerning what (in the cireum-
stances presented to him) it would be fair and just
and proper that, one or the other party to the

controversy should do . - I think-that in providing
--for the determination of controversies the Act
speaks of-controversies about rights ; pre-supposing
some rule or principle according to - which such
rights can be ascerlained ; which rule or principle

could, it should seem, be no other than the

appropriate r ► tle or- principle of law . I think we
should not presume that the Exchequer Court has
been authorized to make a rule of law for the

n.u•pos, : of determining such it dispute ; or to

apply .to such a controversy a rule or principle
prevailing in one locality when, according to
accepted principlcs, it should be determined upon

the law of another locality. This view of the

fwictions of the court under the Act does not so
clreunlscl7be those functions as greatly to restrict
the beneficial operation of the statute . Whatever
the right of the Dominion in such a case as the
present it is difficult to see how the province
could (apart from the - statute and without its

consent given in the p ►rticular case) be brought
before any court to answer the Dominion's claim .

The statute referred to and the correlative statute
of the province once for all-give a- legal sanction
to such proceedings, and provide a tribunal
(where none existed) by which, at the instance of
either of them, their reciprocal rights and obliga-
tions touching any dispute may be ascertained and

authoritatively declared : '

Accordingly, tt controversy between two
or more provinces affecting rights, such as

-rights_iIl-lnterprovincial--~~~aters,-may- be---
adjudicated on the basis of the appropriate
principles of law, but only with the consen t
of each of the provinces concerned expressed
by an Act of its legislature . Withoùt its

consent so expressed, a province cannot be
brought before the courts to answer the claim

_of Another province . Failing adjudication by
the courts, the provinces must have recourse
to an interprovincial agreement for the pro-
tection-- of their-respect-ive--rights .--It--has-----

been pointed out that with respect to the
rights of States in intersta.fe waters, the
Supreme Court of the United States has
expressed a preference for the apportion-
ment of suchwaters by - interstate compacts
rather than by judicial determination .

In the light of the foregoing, it is impor-
tant to note the 1948 agreement setting up
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---- --------- ---- ----------------- ---
- the Prairie Provinces Water Board, alread y

referred to, under which the three provinces,
recognizing their respective rights in inter-
provincial waters, departed from a strict
application of the doctrine of riparian rights
by accepting the principle of allocation of
such waters -in accordance with the most
beneficial use thereof "in relation to asso-
ciated resources in Manitoba, Saskatchewan
and Alberta" . Riparian rights, as has been
pointed out, may be asserted without regard
to beneficial - use and even if the water can-
not apparently be applied to a useful pur-
pose . In effect, therefore, the 1948 agree-
ment set-- out-- the --principle- of-eduitable
apportionment of the waters on the basis
of their most beneficial use in relation to
the resources of the provinces .

Notwithstanding the principle underlying
the agreement, differencei have arisen
between the provinces as to the proper basis
for deterr?:ining allocations of water in the
river systém ô~ ~vFiicIi thé ~~ütli uask~tché-

wâti forms a part . It is argued, on the one
hand, that allocations should be governed
only by the available supply of water, and ,
on the other hand, that regard must be had
not only to the available supply but also
to its most beneficial use . It is clear that
if available supply alone is taken into
account, most beneficial use in the wider
sense may have to give way to beneficial use
in a more local sense . Considering the rights
of each of the Prairie Provinces in the inter-
provincial waters and the - importance
attached to financial participation by the
Government of Canada in the devr`,,pment'
-of these waters, it is submitted that major
allocations of water must have regard to the
requirements of a reasonably integrated
development of the entire sÿstem . Such
development cannot be contemplated with-
out agreement by the three provinces to
subordinate their rights to the- principle of
the most beneficial, use of the waters properly
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in
Qu'Appelle Valley, to prevent

4 : A reinforced concrete -outlet works
through the dam to provide for river
diversion, the generation of power,
and river. regulation ;

5 . A powerhouse with an installed capa-
city of .150,000 horsepower, for, gen-

-- ----- ér-4 tüïg power;
6 . Five hundred miles of main canals

and laterals, and 12 pumping stations
to transport water to "the lands to be
irrigated ;

7 . A high level railway crossing of the
Qu'Appelle Valley to . provide for
C.N.R . and C.P.R . rail transportation
iii that vicüiiy,J .

The following section will describe the
main engineering features of the Project, as
far as they have been defined by the éngineer-_
ing services of the P .F.R.A. Then it will set
out the main agronomie aspects of the Pro-
ject, as they have been analyzed in reports
prepared for the P.F.R.A .

General Engineer tng., Featurep_ _____

the
the

impounded waters from escaping
down the valley ;

Selection of Site : The first location., to be
investigated for the proposed diversion from
the South Saskatchewan River was in the
reach of river between Saskatchewan Land-

A gpillwaÿ châiinel ; €~ùout three iniles r~g, nortli of -Swift CurrO> , âaici -th-e-CCabri
long, with a concrete control struc- Ferry, about 20 miles upst,•eanl . The pur-
ture; pose of this general locati4~, was to utilize

he South Saskatchewan
River Project

TiiE South Saskatchewan River Project
proposes to utilize the water of the South
Saskatchewan River and its tribu taries, to
irrigate lands in Central Saskatchewan .

By means of a dam constructed at a site
nenr Ou tlook,Saskatchewan, 80 miles
upstream from the City of Saskatoon, it is
po,sible to create a resevoir 140 miles long .
Tus reservoir will be adequate to irrigate
nearly a half a million acres of land and as
well provide the source for generA .ting elec-
trical energy for domestic, irrigation and
industrial uses . In addition, the reservoir

~vill-periniï -thé--diversiôn ôf wa~ér clôwn the
Qu'Appelle Valley, provide a source of water
supply for the cities of 1Vloose Jaw-,-And
Regina, and ~i•egulate the river flows below
the damsite .

The project'will require the construction'
of ;

1 . An earth dam on the South Sask-
atchewan- River, 205 feet high an d

- --8;500-feet long;- -
2 . An auxiliary earth dain
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Irrigation B locks . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Areas Irrigated by Gravity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~lflf~
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Canals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Main Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 'Z
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Map planning, compilation, drafting and editing by
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Martin H . Sinclair, geographer, and Gilles Morin, draftsman .
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Royal Commission on South Saskatchewan River

:1 clepres~ioil in the nor ► h bailk, known as the
White Bear 17epres .,ioi ► , tllrotigh which to
c ( >>1 V e V «•ater to mo,t, of the ltl ► 1(ls orit;iilally
included in the lorth Saskatchewan project
i2 ► ves.'izateti by the Departinent of Reclaina-
tioil and lvint; t.rellerall)' betweeil Elrose and
:Ioscto\\ • 1 1 on the w est . and Outlook and
S:lSk,lt()o!l on the c;tst .-

tiix profiles w ere surveyed and drilied . Thi s
1>rought ou f the following facts

: (:~ ) 'l'llc c!ain r .~cJuirerl woulci have lbce n

!10 and lï,O fec , t hi.("h and i t
«-muld have had provisions for soine
poWer .

(h) The project was feasible from a
tc,po~.;rilplllc point of view .

(c ) The foundations were not as good as
! ►:ld heei1 hoped for . and materials for
coi1Çt ruct ion were inferior .

,(cl ) The re<ervoir Nvoutd have f1owlecl a
large area of valuable lands in the
vicinity of I .a:catleila . Saskatchewan .

( ( . ) The reservoir capa-ity woulcl )lot
have '-)eeii large eilollrll to make best
use of the flo w of the river .

(f) :1gricttltural and soils reports oil the
lands which would have been served
from this location, recluced the area
suited to irrigation to a small fraction
of the .acreage originally estimated .

It was found that there vas a large area
o f excellent irrigable land to 'lie, cast of the
Saskatchewan River and in the Qu' :lppelle
River V alley . However, the Qu'Appelle area
emulcl not be reachecl with water from this
point of diversion, and the area éast of the
river could be reache',l only by mèaiiti of all
expensive sti'pholl cl•ossin'.- of the South Sask-
atche«•an River . At the saine time, an urgent
need f - domestic water had developed in the
Qu'Appelle Valley .

Attention was therefore directed to the
reach of river between Elbow and Outlook .
Three general sites were - explored in this
reach--one just above the lullctioll with the
(?u' :lpprlle Valley, ano,iier close to the town
of Outlook called Siic S, and another at
Coteau C:reel; called Site 10 . The site above
thc Qu'Appelle Valley jtlnction w~oulcl serve
most of the objectives aimed at, and would
avoid the rail« ati- damages associated with .

:u ► v site downstream . Hon•ever, foundations

proVe ► l the poorest )•et . investigatetl and
further eonsicieratioü was dropped . Of the
remaiuing two sites, careful investigation
showed Site 10 am Coteau Creek to be
Superior. The acivantabes of this site are :

1 . The possible reservoir capacity whic h
eau be clevelopecl by a clain in this
reach is the greatest on the, river,

becau~e of the litige sicle-c}laniiel
volume in the Qu'Appelle Vtllie~• .
'l'his resei'voir site is close to the irri-
gable area on both sicles of the river .

3 . A reservoir in this section will permit
casual diversion of water clown the
Qu'Appelle Valley as requirecl for irri-
gation and domestic uses .

4 . Because of Qu' :lppelle Valley stornge .
the reservoir is more efficient for
power than any upsti•_am site .

5 . The side-channel storage in the
Qu'Appelle cannot accumulate silt .
from hecl load or suspeilcied load

inovellleilt in the main river .

G . Suitable earth materials of the classes
i'equired for constructiop are found in
abunclailce on both banks .

7 . All the required gravel ;or conci•ete

a~aregates is available on the site .
Main Dam .-The proposed South Sask-

atchewan dam, spillway aInci appurtenant
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works are located adjacent to the 'North
bounclitry of Township 2G, Range 7, west of
the Third Meridian, about 1 5 - 5 miles clown-
strcatn from the Elbo w .

The dam will be a rollecl earth fill 205 feet
high with a crest length of 8500 feet., and a
crest at elevation 1845 . The crest «'lclth will
be 6 0 feet and the maximum base width in
the River channel will be 2600 feet, exclusive
of a 1200-foot upstream blanket . - I4;III})aIIIC-
nient slopes will w y from 2 to 1 at . the top
to S to 1 at. the bc tom . A roacl«•ay . will be
constructed across the c••est and tentative
plans make provisions for carryint; a ritil«'ati'
across the dam . The upstream and clo«•n-
stream portions of the darn will consist of
pervious fill material ; the core will be itnper-
vious rolled eartli fill . The upper 40 feet of
the upstream slope will be protected by
riprap .

The area under the dam is underlain by
I3earpa«• shale. The shale in turn is ullCler-

lain by Belly . River sandstone. The over-

burden consists principally of sand in the

river beçl, with clay , sand and gravel in the

abutments . To prevent seepat;e under the

dam through the overburden, a 1200-foot

blanket varying in thickness from 34 to 10

feet will be constructed in the river becl, and

a cutoff trench will be excavated to the Bear-

paw shale under the abutinents .
A detailed sub-surface exploration has

prol•ett thatamplectuantities_ of material
suitable for the rollecl earth-fill and perviou-,
zones of the clatiiAreavailable in the ictiiitecli-
ate .v•iciciity. -'l'his iiiater :al lias agoocl cii~-:-
tribution on both sicles of the river and
sufficient impervious and pervious fill ciu : be

obtained within easy haul distance . Rip-

rap surveys have been made wbich indicate

that all the material required for riprap and
closure rock could be obtained within 40
miles of the site .

Spillzcay .-:1 gated, reinforcecl co»cret :+
chute spillway will be located sottthwest of
the main fill about a mile away fro m the .vest
abutment . This locatioii'tltilizes a natural
depression to reduce the approach channel
escavation . The over-all length is 17,000
feet, of which 8 ,000 feet is approtich Channel,
3 .000 feet is reinforcecl concrete control struc-
ture and 6 ,000 feet is exit channel .

The drainage area of the South Saskatche-
wan River above the proposed ciantsite is
48,800 square miles . 'l'lie spilla•ay is designed
to pass a flood with a peak discharge of
400.000 c.f .s ., a total' volume of 4,000,000
acre-feet in 1G days . This design flood whell
routed through the spill«•ay . iiiclicatecl a
maximum spill«•ay discharge of 26-5,000
Nti•ith the reservoir rising to elevation 13 30,
five feet above full supply level . The largest
flood on the river cluring the period of record
was 131,000 c.f .s . in June, 192 .3 .

The approaçh channel is 600 feet , vide
n•itlt 3 toi Sicle slopes and a becl elm"ntio» of .

1775. :1 pilot channel 100 feet Nvicle with 3

to- 1 sicle slopes at elevation 1650 will be

excavated for the etiit from the stilling basin .
The crest of the cj;icrete chute is 520 feet

vicie and its elevation is 1707- 5. 'I'here are

eleven - :0-gate opeltiitgs with tell eight-foot

thick concrete piers to support rc-.dwa3> aml

railro,icl bridges . The -httte section is

tapered from a 520-foot Nviclth at the

ca•e ~-t to a 400-foot. width about. 600 feet

below the crest, this section being contiituecl

to the stilling basin . The stilling basin is the

saine «'icith' as the chute and 300 feet long

at elevation 1 60S . The control gates selected
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for the spillway are 40 x 29 metal tainter
gates. This size has been standardized by
the U.S. Corps of Emgineers .

The spillway will be founded on materials
varying from pervious sands an([ gravels to
impervious clays and shales . No difficulty is
expected in placing the spillway on sand,
gravel and clays but special precautions must
be taken where the structure will be on or
close to the shale formation . Where the
structure is located on shale it will be
designed so that the weight of the structure
will balance the %veit;ht of the material
excavated wherever this is practical, in order
to eliminate the upward heave due to elastic
rebound and swelling of the shale . The spill-
way will be constructed on a schedule which
will - allow differentia'A~ settlemeuts, due to
uneven reloading of the foundation to take
place before the structure is complete .

Outlet 11"orks.--:1 multi-barrelled conduit
of reinforced concrete 27 50 feet long with
four 25-foot diameter -Oarrels has been tenta-
tively selected for diversion purposes. This
conduit must be able to pass the design diver-
sion flow without excessive head under init-ial
closure conditions, and must, 111 addition be
capable at a later date of passing the maxi-
mum probable June flow during the coi1-
struction period .

The conduit will be used as a rese ►voir
outlet works after completion of the Clain .
Twenty-foot diameter penstocks will be
installed in three of the conduit barrels to
supply water to the powerhouse, and the
fourth barrel will provide for river regulation .

The conduit as presently proposed will be
located in the Nvest abutment . This location
was chosen because it provided a suitable
bench where foundatioll conditions NVere
uniform and there was m, indication of any

1u,: veulent having occurred . This also elimin-
ates the necessity for any deep cuts in the
shale at the inlet, outlet and powerhouse
areas. The slopes adjacent to these stl'uc-
tures are very gradual and therefore will be
stable uuder any conditions to which they
lllit;ht be subjected .

The conduit in cross-section will be a rein-
force([ concrete block 1 52 feet Nvide and 45
feet high with four 25-foot diameter open-
ings through it . Wall thicknesses are 10 feet
between barrels and eight feet outside . A
tapered section of low strength tmreinfoi•ced
concrete will be placecl adjacent to the sicles
of the block for most of their length . This
will permit a gradual change of fill height
from the depth of fill over the conduit to the
depth of fill beside the conduit, with a view
to obtaining a gradual transition in differ-
ential settlements . These sections will also
reclt.lee any draping effect which w ould tend
to increase the vertical load on the con(luits
proper .

The control tower will be located near the
upstream end of the conduit, about 700 feet
from the dam celltreli lie . This tentative
location has restlltecl from a compromise
between keeping it as near the inlet as
possible and 11111111111Z111g the length of a n ,
access bridge to the dam crest . The tower
will be 50 feet by 152 feet, and will rise 210
feet above the conduits . Tentative plans
are to provide two tr^ctor-type gates for each
conduit opening, 10 feet ;vide and 25 feet
high for both emergency and operating
8eetiolls .

During the prelimin&ry planning of the
project, the possibility of using tunnels at
various-'sites w as considered . In order to
restrict the tunnels to an economical length,
deep approach and exit channels eut 'into
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the shale abutment would have been neces-
sary. Although deep cuts in shale may pose
a difficult stability problem during both con-
struction of the dam and operation of the
reservoir, the possibility of .using tunnels for
diversiou is still being considered . At present
the relative nnerits of tunnels and conduits
are still being studied and the final decision
as to which will be adopted will depend on
the relative safety and economy of the
alternatives .

Reservoir .-The reservoir created by the
construction of the dam will ]mpounCl
8,400,000 acre-feet of water, of which about
2,650,000 acre-feet will be live storage for
irrigation purposes, between full supply
levels in reservoir and irrigation canals, and
a total of about 4,000,000 acre-feet for eiver
regulation. This, reservoir will extend from
~~askatchewan Landing to the Coteau dam-
site, and 30 miles down the Qu'Appelle
Valley, at. which point a. secondary Clam will
be located. The flooded area at. full supply
level will be 116,000 acres of land, 11 per
cent of which is under cultivation ; the
remainder is land immediately adjacent to
the river which has littie agricultural value .

Flooding of the Qu'Appelle Valley will
make it necessary to raise or relocate a por-
tion of the C.P.R. line from Moose Jaw
to Outlook. The C.N .R. line from Central
Butte to Dunblane will have to be relocated
as both the portion in the Qu'Appelle Valley
and the bridge crossin,g on the South Sask-
atchewan River will be flooded by the
reservoir .

Qu'Appelle Valley Da n a.-In selecting the
locations for a dain across the Qu'Appe11_e
Valley, many economic factors must be con-
isidered aside from topographic and founda-

~
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tion conclitions. In all, five sites have been
explored as possible eiu'bankment location .
These sites are known as the Elbow Crossing
site, C.P.R. Crossing site, Sunnnit site,
Ridge Creek site and the Third Meridian site .

The most important factor in selecting a
site, other than topographic and founclation
conditio»s, is that the further east the clain is
constructed, the greater the reservoir capa-
city of the project will be . However, there
is a limit to how far east the clain can be
placed as beyond thé Third Meridian the
Qu'Appelle Valley widens appreciably, and
also the height of (lain increases rapidly .
Aiiother factor to be considered is the prob-
lem of providing railway crossings for the
C.P.R. and C.N .R . lines which will be flooded
in the Qu'Appelle area .

In order to provide the extra storage which
will be available hi the Qu'Appelle Valley, it
is proposed to construct the einbankment at
the Third Meridian site, which is considered
to be as far east as is practicable . This
enibanknlent will be 4300 feet long and 130
feet high . Preliminary drilling has indicatecl
an abundance of suitable borrow material
available at the site, as well as an adequate
source of pervious and semi-pervious mate-
rial . Surveys by aerial photographs indicate
the presence of an adequate supply of riprap
on adjacent valley slopes .

A second embankment will be constructed
at the Elbow Crossing site for railroaci reloca-
tion purposes . The embankment will be 6700
feet long and 135 feet high . Provision will
be made for conduits through the embank-
nient of a .,capacity, such that the depth of
water will remain very nearly the same on
both sides of the-011. Foundation conditions
appear favourable at the site of the proposed
embankment . Both abutments and the valley
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bottom are composed of glacial till overlying
the bedrock material, Bearpaw shale . The
limited amount of drilling to (late in search
of borrow materials indicates there are ample
quantities of first class pervious and imper-
vious materials present for construction pur-
poses. Aerial photograph studies indicate
an ample supply of riprap on the valley
slopes adjf:c : . nt to the site .

Hydrology.-The South Saskatchewan
River receives most. of its -water from eight.
major tributaries, which rise on the eastern
slo

'
pe of the Rocky Mountains in the Prov-

ince of Alberta. and the State of Alontitna .
This river actually starts tiv1,ere the O1dmaiI
River with its tributaries, the St . Mary,
Belly and . Waterton, and the Bow River,
with its tributaries, the Highwood and Elbow
flow together, midway between the cities of
Letllbridge and Medicine Hat in soutllern
Alberta. The Red Deer River joins the main
stretiln at the Alberta-Saskatche«-an bound-
ary, near Empress. The river flows from the
bounclary, in an e<<Isterly direction, through
southern Saskatchewan ,to Elbow, thetl
northerly through the City of Saskatoon, to

the juncticn with the North Saskatchewan
Iliver. 30 miles east of the City of Prince
Albert .

The drainage area of the . river colltains
about 65,500 square miles . The, portion of
this area upstream from the proposed datn .-
site contains 48,800 square miles .

Flow in the South Saskatchewan River is
subject to a wide seasonal variation . Base
flow is derived from ground water and nlelt-
ing glacial ice. The snow-melt in the foot-
hills and on the prairies usually causes an
early spring flood, and larger floods occur in
June, when run-off from snow-melt in the

mountains is supplemented by heavy spring
rriigall . Continuous heavy rainfall during
September and October has caused appre- .
ciable rises in the normally low fall flow . The
flow in the river is subject to some regulation
by power and irrigation works on tributaries

in Alberta, and although this effect is
negligible during the flood season, the diver-

sions for irrigation appreciably reduce the
total annual discharge .

Diversion of water for irrigation and urban

water supply, and, storage for power, has
varied considerably during the period for

which hydrometric records on the South

Saskatchewan River are available . To get a
picture of the water available for the South
Saskatchewan River project, it is necessary

to assemble complete data on recorded flows,

and 'then reconstruct the natural flows, by
taking into account the historical upstream
uses of watér. By allowing for the water
requirements of all the existing and planned

projects upstream, it is possible to obtain an
estiniate'of the water available for the pro-
ject in the future .

Fairly complete hydrometric records for

the South Saskatchewan River have been

kept at Medicine flat and Saskatoon
since 1911 . The average annuill recorded
flow at Saskatoon for the period 1911-1948
was 7,128,000 acre-feet, varying from a

maximum of 14,610,259 acre-feet in 1915-
191 6 to a minimum of 3,440,000 acre-feet in
1940-1941 .

Water from the watershed has been used
in the past by Saskatchewan, Alberta and
United States irrigationists . In order to
determine the ' net water diversion by



historical users, it is necessary to study
the operation of the following projects :
*Milk River I'roject . . . . . . . . . . . . . . . United States
St . Mary-Milk River Project . . . . . . . . Alberta
Leavitt Irrigation District . . . . . . . . . . . . Alberta
Mountain View Irrigation District . . . . Alberta
United Irrigation District . . . . . . . . . . . Alberta
Lethbridge Northern Irrigation District Alberta
Canada Land and Irrigatiun Company Alberta
Eastern Irrigation District . . . . . . . . . . . Alberta
Western Irrigation District . . . . . . . . . . . Alberta
Swift Current Irrigation District . . . . . Saskatchewa n
City of Calgary Water Supply . . . . . . . Alberta

The existing and planned irrigation pro-
jects with acreages to be irrigated are
tabulated in Table I . All of these projects
are in Alberta with the exception of the
Swift Current Irrigation Project, which is in
Saskatchewan.

TABLE I

Projeot

Acrengo .
Area

Under
Irrigation

1052

Ultininto
Irrigated
Acrengo
Allowed

fo r

Western Irrigation District . . . . . . . . . .
Eastern Irrigation District . . . . . . . . . .
'Dow River (Canada Land) and Irri-

gation Co. . . , . .
Letübridge Northern Irrigation Dis-

trict . .
United Irrigation District . . . . .
Mountain View Irrigation District . . .
Leavitt Irrigation District . . . . . . . . . .
Aetna Irrigation District . . . . .
St . Dfnry-\tilk River River Project . .
Red Deer Project . . . . . . . . . . . . . . . . . .
Macleod Irrigation District . . . . . . . . . .
Smnll Projects(► ) . . . . . . . . . . . . . . . . . . . .
Swift Current Irrigation Project, . . . .
Private projects . . . . . . . . . . . . . . . . . . . . .

50,000
200,000

50,000

75,000
21,000
3,600
2,500

50
150,000

Planned only
500

Planned only
7,500

50100 9

010,150

60,000
281,000

2-10,000

06,135
34,000
3,600
4,400
7,300

495,000
350,000

5,000
04, 000
21,000
70,000

1,721,400

acres
Cnrmnngny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,000
Maclood Extension . . . . . . . . . . . . . . . . . . . . . . . . . . . 20,000
Pincher Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,000
Oldmnn projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16,000

Estilnates of the future upstream require-
ments of these projects have been base([ on
the assumption of all eighteen-inch duty of,
water and an 80 per cent irrigation factor,
with varying allowances for conveyance
losses and return flows . I„ has also been
assumed that the Clearwater 1Ziver, tributary
of the North Saskatchewan River, will be
diverted into the South Saskatchewan water-
shed to help irrigate the Red Deer Project .
No allowance need be made for the 15,000
acres that will be irrigated on the St . Mary-
ivTilk River Project from the Milk River .

Hyciro-eleetrie power developments in the
watershed are limited to those in operation
on the Bow River by the Calgary Power Ltd .
The regulation of flow from its storage
reservoirs of 536,000 acre-feet is taken into
account .

TABLE I I

Average Amluat Flow of South Saskatchewan River
(1911-48) Ac . fi . ,

Typo of Flow

Recorded . . . . . . . . . .
IliStoricn l

Canadian Uso . . . .
Nnturnl . . . . . . . . . . . .
Futur e

Canadian Use ., . .
Avnilnblo . . . . . . . . . .

U.S .
Wnter •

Included

Exclude d

Excluded

At
Alberta-

snsk-
ntchewnn
Boundary

0,047,000

016,000
7,427,000

2,140,000
5,287,000

At
i;ask-
ntoo : ,

7,1 .̂8,000

818,000
7,610,000

2,180,000
5,430,000

At
Dainsit o

7,115,000

018,000
7,597,000

2,165,000
5, 432, û"vi1

° Unused Portion of United States shnro of the flow of St .
Mary River .

The water available to the South Sask -
atchewan River Project is tabulated in Table
If . This water study indicates that th e

'13y order of the International Joint Commission in 1921, the United States has the right to use a certain portion
of the St . Mary River .
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average annual flow available at the damsite,
ba~ed on records from 1911-1948, is 5,432,000
acre-feet . Some eonsideration should be given
to the faet that upstream projects will
not, be developed to the extent allowed for
in these studies for several years, and in the
interini, all the additional water would be
available for the production of aclditional
commercial energy at this Project .

Water Utilization

The reservoir created by a. dam on the
South Saskatchewan River, will provide live
storage for 4,000,000 acre-feet of water,
ellough to allow beneficial use of all the flow
in the river, cluring all but the very high flow
years. Creating a reservoir of this size in
the prairie region would provide a source of
«•ater which could remedy many of the
Nrater ,(eficiencies in the immediate area .

1 . lrr~qatioii .-'I'he primary purpose of
the project is irrigation. It is estimated that

455,000 acres of land can be irrigated by
Nvater from the South Saskatchewan
Reservoir . Several compact blocks, which
are spread out from Saskatoon to Elbow in
the north and south direction, and from
Colonsay to Asquith in all east and west
direction, make up 431,000 acres of this area .
In addition, some small parcels of land,
24,000 acres in all, can be irrigated along the
Qu'Appelle Valley .

Topograpllical surveys have not been com-
pleted to the stage where all the irrigation
works can be designed . Sufficient inforlna-
t,ion is available, however, to make a pre-
liminary layout of these works .

All of the irrigable lands cannot be reached
by gravity canals . It is planned, by the use
of hydro-elect-ric energy generated at the
damsite, to pump water from the reservoir
to irrigate lands which lie as much as 120
feet above the gravity eanals . A summary
of the gravity areas, and those requiring
pump irrigation, is given in Table III .

TABLE II I
South Saskatchetrnn River Proic d

Static Area to be
Area Lift Irrigate d

ft acres

69,300

Section

Canal 1
Main
Sec A
Sec B
Sec C
Sec ll

Canal 2
Main
Sec A
Sec B

Canal 3
Sec A
Seo B

Main Cana l

2,909
1,360
1,050
230
200

2,137
1,711

1,371

3 .9
16•2
21 .9
10 . 5
6-0

16•8
16-2
7 .5

1,326. 4-3
132 6.7

Lift
ft
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TABLE' I I I• -Con .
South Saskatche wan River Project

Area

4

5

6 and 1 1

7

8
8(a )

0

12

1 3

15

16

17

18

19

20

21

Static
Lift
ft

0

0

15 and 30

15

15
10

0

18

0

39

30

0
15

73

60

60

123

120

120

120

Area to bn
Irrigate d

acres

28,800

22,500

24,100

18,750

7,000
2,100

11,900

5,000
10,000

39,600

11,700

10,000
8,0W

34,200

19,600

26,600

33,700

10,800

23,100

11,000

'Main Canal

Section I Capacity
efs

Pumping Plants

Length
mile s

Canal 4 7 93 16•2

Cana15 404 II 18 . 0

(~u'Appelle River

Canal 7

Canal 8
Sec A
Sec 1 3

Canal fl

Canal 10
Sec A
Sec B
Seo C

Canal 12
Sec A
Sec B

Canal 13

Canal 10
Sec A
See B
Seo C

Canal 16
Sec A
Sec I3
Sec C

Canal 16

Canal 17

Canal 18

Canal 19

Canal 20

Canal 21

343

335
57
100

245

315
200
110

1,550
600

230

1,131

1,000
150

130
1,050

430

364

466

640

232

439

232

15 .0

10•8
3•U
2•7

Pump
No .

XI

Iv
VI

Capacity
cfs

340

100
57

187

Lift
f t

1a•b

11•7

8•4

8•4

8 .1
24•6

12•0

1•3
7•2
3•3

V-

X

VII I

II

VII

IX

100

1,550

250

160

1,150

350

450

650

575

575

200

1 5

10
1 5

1 8

39

30

1 5

34

60

60

5 0
120

120

120

Totals : Gravity . . . . . . . . . 179,800 30' lift . . . . . . . . . . . 70,400 120' lift 78,600. . . . . . . . . .
15' lift . . . . . . . . . . 45,750 _ 60' lift . . . . . . . . . . 80,400 455,000
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To supply water to all of the area it will
be necessary to construct nearly ")00 miles of
canals and main clitches, ' and 12 punlp-
int; stations . . The capacity of theâe canals
will vary from 2900 cubic feet per second at
the reservoir, to 100 cubic feet, per second
near the end of the system . Pumping plants
will be required with capacities varying from
1550 cubic feet per second on the larger
canals, to 100 cuhic feet per second on the
smaller lateral ditches .

soil survey, covering 1,32S,8110 acres of
this general region, has been completed . The
soils were classified as to their suitability for
irrigation in five soil classes . 'l'liese were
ciesignated as "very good soils", "good soils",
"fair soils", "poor (doubtful) soils", and
"very pool- (unsuitable) soils" . The lands
included in the irrigation plans have been
selected from the first three soil grades . How-
ever, class four soil will be irrigated in some
cases because of its proximity to the dis-
tribution ditches .

The developmént of the irrigation system
could be carried on at any rate which seems
desirable and practical . No «,ater could be
made available for irrigation until the dam
has been practically completed . `l'hecefore,
it would not be necessary to start work on
the irrigation system until three or four years
befora the scheduled completion of the dam .
A reasona.ble program would plan to be ready
to serve all the gravity lands by the_time the
d ain was completed .

2. Maintenance of Lake Levcls .-The
development will permit diversion of the
water down the Qu'Appelle Valley, and in

addition to providing a water supply for irri-
gation there it can be used to maintain water
levels in Long Lake and the six Qu'Appelle

Valley lakes. This valley has been developed
extensively as a recreation and resort area to
serve a large part of the population of Sask-
atchewan and lowering of the lake levels
clurin9 successive dry years in the past has
seriously deteriorated these resorts .

3. Urban 11'ater SuPp ly.-The Govern-
inent of Canacla has agreed to maintain level3
in Buffalo Pound Lake for a water supply for
the cities of Regina and IMoose Jaw . Water
for this purpose will be obtained by pumping
from the South Saskatchewan River . This
obligation could he met with water by grav-
ity flow from the large reservoir, which would
result in saving the annual pumping costs .

4. Power.-Details of the power clevelop-
ment, for the purpose of this section, have
been drawn _froin the General Engineering
Report. issued by the P .F.II .A ., T-Warch, 1952 .

A study of stream flow characteristics and
the distribution of energy demands in the
power grid in Saskatchewan indicates that
the generating station at; the Coteau damsite
should have an installed capacity of about
1 510,000 KW. Tentative plans are to install
six 24,000 KW and two 4,000 KW units,
which would give a total installed capacity
of 152,000 KW. Water will be carried to the
turbines by three 20-foot diameter steel pen-
stocks inside the 25-foot diameter conduit
openings . Each penstock will feed water to
two units through Y-branches .

The approximate over-all dimensions of
the powerhouse building, allowing for clear-

ance between units, working space, office
space and storage, will be 118 feet high, 88
feet wide and 3 65 feet long . The powerhouse
will be founded on the hard shale and the
location has been chosen so that the excava-

tion required at the desired elevation will- be
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such that the weight-of the excavated mate-
rial will balance the weight of the structure
and avoid either heaving or settlement .

The pumping of the irrigation water will
utilize a portion of this energy, but large
aniounts of commercial energy will also be
available . It is estimated that 325,000,000
KjVI-I will be produced annually, 50,000,000
K«'H of which will be requiretl for pump
irrigation at full development .

The generating plant would be ideally
located to fit into the power grid of Sask-
atchewan . It is estimated that. 53 per cent
of the population of the province live within
a radius of 125 miles of the clam, and 69 per
cent Avithin a radius of 150 miles of the dam .

5. River Regulation .-The wide variation
of seasonal flow of this river has made power
developments without large storage facilities
impractical . The reservoir will provide
almost complete regulation of the i iver flows
and will increase the power potential of
those downstream power sites where storage
cannot be provided at the plant.

There are five potential power sites which
would benefit from this regulation . Two 75-
foot head sites exist between Saskatoon and
the junction of the North and South Sask-
atchewan Rivers, and two 120-foot and one
50-foot head plants on the Saskatchewan
River below the Forks. They are -

Batoche . . . . . . . . 75-foot head
Coxby . . . . . . . . . . 75-foot head
Fort a la Corne . . 120-foot head
Nipawin . . . . . . . . 120-foot head
Squaw . . . . . . . . . . 50-foot head

The Fort a la Corne site has been studie d
in detail by the Saskatchewan Power Cor-
poration. With an installed capacity of

125,000 IIP this plant would be capable of
producing 598,400,000 kilowatt hours of
energy annually . The regulation provided
by the reservoir will increase the annual out-
put by nearly 100,000,000 kilowatt hours

. Studies have not been made of the othe r
sites mentioned. Ilowever, the potential of
these sites would be increased to a degree
proportionate to that indicated for the Fort
a. la, Corne site .

'i'he Dauphin River site and those sites
located on the Nelson River would not bene-

fit materially by this regulation because of
the large storage provicied by Cedar Lake,
Lake Winnipegosis, Lake Manitoba, and
Lake Winnipeg .

6. Floods.-The Pike Lake area in the
vicinity of Saskatoon, and the Carrot River

area near The Pas, Manitoba, have been
subjected to periodie flooding in the past .
Creating this large reservoir on the river
would virtually eliminate the flood hazard

at Pike Lake, and materially decrease the
magnitude of the floods in the Carrot River
area.

Main dam, including conduit and spill-
way, Coteau Creek Dam, Third Meridian
Dain and Elbow Railway Crossing .

Fill (including dre(Ige fill) 57,509,000 eu. yd.
Riprap . . . . . . . . . . . . . . .
Concrete . . . . .' . . . . . . . .
Cernent . . . . . . . . . . . . . .
Reinforcing steel . . . . . .
Structural steel and steel

plate . . . . . . . . . . . . . .

702,000 cu . yd.
989,010 cu : yd .

1,497,000 bbls .
30,535 tons

22,606 tons



Stream

Bow . . . . . . . . . . . . . . . .
Oldman . . . . . . . . . . . . .
Red Deer . . . . . . . . . . .
South Saskatchewan . .
South Saskatchewan . .

(b) Reservoir

Maximum «'ater

Surface . . . . . . . . . . .
FSL. . . . . . . . . . . . . . . .
Spillway Crest . . . . . . .
Maximum Drawdown
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Gauging
Statio n

B a s s a n o . . . . . .
I,ethbridgo . . . .
Lmpress . . . . . .
Medicine Hat .
Darnsite . . . . . .

Elevatio n

1,830•1
1,825 .0
1,707-5
1,785.0

Drainage
Area

7,610 sq. mile
6,710 sq . mile

18,160 sq . mile
20,600 sq . mile
48,800 sq . mil e

Total
Reservoir
Storago
acre-ft.

9,210,Oi)0
8,570,000
5,780,000
4,700,000

Area of
Reservoir

acres

110,000
104,600
78,100
68,100

(o) Recorded Flow at Saskatoon

The following are the flows for the climatic year from
October 1st to September 30th .

Average Annual (24 yr .) . . . . . 7,1 27,000 acre-ft .
Maximum year (1 915-1 9 16) . . 14,610,000 acre-ft .
Minimurn year (1940-1941) . . . 3,440,000 acre-ft.
Maximum mean month (Juno ,

1948) . . . . . . . . . . . . . . . . . . 59, 830 c .f.s .
Minimum mean month (De-
cember, 1 936) . . . . . . . . . . . . . . . 097 c .f .s .
Maximum mean daily (Jun o

0, 1923) . . . . . . . . . . . . . . . . 131,000 c .f.s .

(d) Spillway Design Mood Data

The spiliwa,v design flood is a synthetic flood .

Peak rate, inflow to rescrvoir. 400,000 c.f.s .
Duration of Flood . . . . . . . . . . , 16 days

Total volutno of run-off . . . . . . 4,000,000 acre-ft .
Pool elevation at start of flood 1,825
niaximum pool elevation

reached . . . . . . . . . . . . . . . . 1,830
Maximum spillway discharge . 260,000 c.f.s.

(o) Freeboard

Computed . . . . . . . . . . . . . . . . . . 12 • 5 f t,
Provided (abevo FSL) . . . . . . . 20 f t.

(f) Outlet jVork s

Size of Conduits . . . . . . . . . . . . 25 ft.
Number of Conduits . . . . . . . . . 4

General Agronomic Aspects

In general the method of study of the agri-
cultural features of the South Saskatchewan
River Project has been to compare the pro-
posed irrigated area in Saskatchewan with
well established irrigated districts in Alberta,
Many years of experience with -irrigation
agriculture in Alberta together with some
knowledge of the Saskatchewan area, have
been drawn upon in this appraisal of the
material contained in the P.F.R.A . report .

The two major irrigation developments in
Albertn, are in the vicinities of Brooks and
Lethbridge respectively . Hence weather and
crop data from these two points must be
taken as applicable to the surrounding irri-
gated farm land. However, it should be
pointed out- that the immediate environs of
the City of Lethbridge constitute only a
fairly good irrigation area. The suitability
of the area improves rapidly as one proceeds
eastward from Lethbridge. The Ta.ber dis-
trict, 35 miles east, is much more successful
in the production of heat-loving crops such as
tomatoes, cucurbits, and corn . All authorities
are agreed, and - considerable experience
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TABLE IV

Annual precipitation in inches at points in Alberta and Saskatchewan and in two irrigated
districts of the United States .

TABLE V

Station
Years

o f
Record

J F M A My J Jy Au 8 0 N D Total

Brooks . . . . . . . . . . . . . . . . . . . . .
Lethbridgo . . : . . . . . . .

(25 )
(42)

•57
•02

•60
•07

•72
•94

1•03
1

1•09 1•85 2•38 1•20 1•37 •05 .50 •00 13•06. . . . . . . .
Medicine Iint . . . . . . . . . . . . . . (49) •72 •04 •74

•1 1
•82

2•32
1 .74

2•72
2•30

1•76
1•60

1•52
1• 17

1•7 3
1•25

•90 •75 •00 15•75
Outlook . . . . . . . . . . . . . . . . . . . .
Saskatoon

(34 )
(40)

•04
•59

•52 •50 •02 1•13 2•52 1•78
.

1•32 1•07
•7 1
•05

.69
•48

•07
•38

13•27
11•0 1. . . . . . . . . . . . . . . . . . .

Salt Lake City (Utnh) . . . . . . (40) 1•31
•5 2

1•65
•67

2•00
•0 7

1•85
1•39
1•94

2•69
74

2•34 1•71 1•42 •80 •60 •47 13•09
Fort Collins (Colorndo) . . . . . . (40) •27 •04 1•08 2•13 2•82

•
1•50

•6 7
1•04

•9 1
1•32

•0 5
1•52

1•43
1•17

1•2 8
4

1•20 16•79
• 9 •60 15•2 0

indicates, that the Medicine Hat area will be

much superior,to Lethbridge district for irri-
gation farming. The main advantages for
Medicine Hat are . (1) lower altitude, (2) less
wind, (3) higher temperatures, (4) longer
growing season, (5) somewhat lighter soil
type.

In an appraisal of the various climatic
factors, the data from Brooks, Lethbridge
and MQdicine Hat in Alberta, and Elbow,
Outlook, and Saskatoon within the proposed
irrigated area of Saskatchewan were used .
Data for. Elbow were not available on all
climatic factors studied . I

Long term weather records are available
for Medicine Hat, and although extensive
irrigation in the immediate district must
await construction of the distributory system
(the water is available from the St . Mary
Dam), it was thought advisable to include
weather data from Medicine Hat in this
study.

Table IV shows the annual precipitation

for these several points in Alberta and Sask-
atchewan, together with data from two irri-
gated areas of the United States .

Crop season precipilation (May to September inclttsiue) and
percentage of total precipitation in the form of snow.

Crop Season
Precipitatio n

Brooks . . . . . . . . . . . . . . . . . . . .
Lcthbridge . . . . . . . . . . . . . . . .
Medicine Hat . . . . . . . . . . . . . .
Elbow . . . .
Outlook . . . . . . . . . . . . . . . . . . .
Saskatoon . . . . . . . . . . . . . . . . .

in .
8•49
10-04
El•32
fl•14
7 .82
0•ss

191

Percentage
of Annual

Precipitatio n
Provided
by Snow

24
31
27
20
31
3 1

Thus Outlook has annual rainfall of 11 • 61
compared to 13-06, 15 - 75 and 13-27 for
Brooks, Lethbridge and Medicine Hat
respectively. Crop season rainfall shows Out-
look with 7-82, Saskatoon with 9-55 and
Lethbridge, Medicine Hat and Brooks with
10-04, 8-32 and 8-49 respectively .

The figures for the average evapora,tion
from a free water surface for the period May
to September ,rt; available for only two



192 Royal Commission on South Saskatchewan Rive r

locations, viz ., Lethbridge-24 • 60 inchec and
Saskatoon-27 • GJ inches .

'l'he potential evapo-transpiration aceord-
iug to the T}lornthwaite method* for the six
points is as follows :

Brooks-22-50, Medicine Hat--23-08,
Lethbridge-22 • 18, Outlook-21 • 25, Elbow
-21-82 and 'Faskatoon-21-04 .

Saskatoon has more ar,nual rainfall and
more crop :;eason rainfall ~but less evapora-
tion than Outlook or Elbow . Thus from the
point of view of moisture and Il2olstlir!
efficiency, Saskatoon would have less need
for irriga~ion than either Outlook or Elbow .

In summary, the Outlook-Elbow district
appears to be poorer dry farm area than
Lethbridge. OuLlook has less rainfall but
also much less evapo-transpiration than
Medicine Hat. `i'he seasonal deficiencies
of moisture (potential evapo-transpiration
minus the rainfall) for the two points are :
Outlook 12-01 and Medicine Hat 13-16 .
Thus Medicine Hat must be considered drier
than Outlook .

Saskatoon must be considered much more
favourable as to moisture conditions than
Medicine Hat or Brooks, perhaps approach-
ing Lethbridge in this respect.

The average yield of wheat (1920-48) i n
Inunieipallt ies 345, 34 6, 375 and 376 , which Station

are in the proposed -irrigation area near

Saskatoon, varied from 11-6 bu . per acre to
13-3 bu . with an average of 12-5 bu . The
six municipalities near. Outlook, Nos.' 283
284, 285, 313, 314 and 315 sho«~ëdan~.~~ér-
age acre yield of 11-0 bu. with variation
from 10-1 to 12-1 bu .

Long term records indicate tha't the Leth-
bridge district has slightly highor yield than
either Outlook or Saskatoon and that the
yields in the Medicine Hat and Brooks dis-
tricts are poorer than in either of the Sask-
atchewan districts .

Prevailing Temperatures and
Frost Free Season

The prevailing temperatures and the
length of the growing season exert a decided
influence on the suitability of an area for
irrigation development. If ample moisttlre
is available to good soil through irrigation,
then temperature and length of growing sea-
son become the* limiting factors in' crop
production .

Table VI indict~:te, the mean monthly
temperatures during the growing season at
three points in the . Southern ~.11lerta, area
and three in the proposed irrigated area of
Saskatchewan .

TABLE VI

Mean monthly temperatures during the growing season at
.LethLridye, Brooks and Medicine Hat,- Alberta, and at
Elbow, Outlook and Saskatoon, Saskatcheurun.

Station Apr . May Juno July Aug . Sept . Oct .

Ilrooks . . . . . . . . . 42 62 01 6 0 64 53 4 3
Lethbridgo . . . . . 43 51 69 05 63 54 45
Medicine IIat . . 45 55 63 49 67 60 4 0I:lbow. . . . . . . . . 39 63 60 08 84 63 4 2
Outlook . . . . . . . . 38 52 60- 07 G4 53 4 0
Snskatoon . . . . . . 37 61 60 65 6 2 51 39

---- ------- ----'----__-_-_ --------
A comparison of the highest average dail y

maximum temperatures and the lowest aver-

' Thornthwnite, an eminent 'U .S . climatologist, has made use trarispiration is defined as the amount of water that would
of the torm "ovapo-transpiration". This numerical value be lost from the soil to the atmosphere by evaporation and
for any given area eau be calculated from records of mean transpiration if water were continually available in optimum
temperature, giving duo consideration to latitude. Evapo- quantity .
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age daily minimum temperatures shows Out-
look to be very slightly warmer than .Loth-
bridge but cooler than Medicine Hat (luring
the months of May to September . Saskatoon
is slightly cooler than Lethbridge in May
and August, decidely cooler in April, but
warmer in June ; in July the temperatures
are the same. Elbow is slightly warmer than
Outlook .

A comparison with the mean July tem-
perattu•es of some irrigated areas in United
States is interesting ; Havre and Chinook,
two points in the irrigated Milk River Valley
of northern Montana, have mean July tem-
peratures of 68 and 70 respectively ; the
comparable figure for Salt Lake City is 77
and for Fort Collins, Colorado, 69 . The
decidedly lower temperatures at all Cana-
dian points is quite apparent .

' In Dr. Currie's report (*) the length o f
the vegetative period at various Alberta and

Saskatchewan points is set forth . The

vegetative period, is defined as the num-

ber of days between the average dates when

the mean dailÿ temperature rises to 42°F .

in the spring and falls to 42°F, i n

____each_of __the__two_ provinces .al:e--r.epr.oduced_in___ _ ._data . -for--the--t.hree-per-tinent-stations- in- each ----

Thé appropriate data for three Stations i n

Table VII, also included in this table are the

TABLE VII

Number of days in the vepetatioe period and the »udian
frost free period at Lethbridge, Brooks and Medicine
Hat in Alberta, and Elbow, Outlook, and Saskatoon
in Saskatchewan .

Station

I3rooks . . . . . . . . . . . . .. . . . . . . :
Lethbridgo . . . . . . . . . . . . . . . .
Medicine Hat . . . . . . . . . . . . . .
h'.Ibow . . . . . . . . . . . . . . . . . . . .
Outlook . . . . . . . . . . . . . . . . . . .
Saskatoon . . . . . . . . . . . . . . . . .

Vegetative
Scason

days
187
189
100
177
173
163

days
118
114
125

115
112

The superiority of the Alberta over
the Saskatchewan stations in length of
vegetative season is striking . However, in
lnedian length of frost free period Elbow and
Outlook are quite similar to Lethbridge and
Brooks . In actual practice the length of the
vegetative period is the more important-
criterion since many crop plants will with-
stand a few degrees of frost and will thus
make some growth during the early spring
period if the days are warm enough, even
though frosts may occur occasionally at
night.

Dr. Currie's report shows a calculation of
the "day-degrees" which is a value related
to the number of days during the year when .
the tempera)ture rises above . 42°F., thus
inducing growth of common crop plants . The

of the provinces are as follows: -
median lengths of the frost - free period, these Alberta . Saskatchewan
latter figures were obtained by calculation Brooks . . . . . . 2655 Outlook . . . . . 2595

Lethbridge . . 2590 Elbow . . . . . . . 2660
from Dr. Currie's report. Medicine Hat 3342 Saskatoon,, . . . 2231

The Climate of the South Saskatchewan Irrigation Project, B . W. Currie, Ph.D., University of Saskatchewan, 1940 .
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Thus Out.look and Elbow compare favour-
ably with Letllbriclge, which is a fair irrigated
area . Once again the superiority of Medicine
Hat is striking. Saska .oon has a aecidctlly
lower number of heat units, even lower than
Cardston in Alberta . Some small irrigation
projects near Cardston have not provecl to
be well adapted to irrigated crop production .

Ylours Of S uxmshine

.'I'he possible hours of sunshine during the
stltnmer nionths increase as the latitude
illcreases. Thus Saskatoon has a possible
total of 2313 hours of sunshine from. May to
.September, whereas Lethbridge has a pos-
sible total of 2271 . However, Lethbridge has
received a. long terni average of 1386 hours
for the period and 'Saskatoon has received an
average of 1332. Dr . Currie has pointecl out
that, the earlier onset of spring rains in
Alberta brings about more cloud cover to
this area in May and Julle than occurs in the
Saskatchewan area .

In final summary with regard to tenipera-

ture and frost free period, it would appear
that, the Elbow-Outlook area would be at
least. equally as suitable as the Lethbridge
aréa,but, inferior to the Medicine Hat dis-
trict. The area around Saskatoon must he
considered as somewhat inferior to the
ilumecliate environs of Lethbridge .

Soils .- I'he soils of the proposed irrigation
area belong to the Dark Brown Soil Zone of
the Province of Saskatchewan . In its native
state the land supported a• mixed prairie
vegetation of short and medium-tall grasses .
Some of the more dominant species wei•e :'

South Saskatchewan River

blue grama grass, spear grass, western wheat
grass, pasture sage, northern wheat grass,
rough fescue, sedges, rose bushas and buck-
brush .

These clark browli soils are generally of
high fertility and regularly produce good
yields of grain when rainfall is ample .

The soil survey conducted by Moss et al
has rated the soils as to their suitability for
irrigation . 'This rat•ing follows the methods
outlined by 13owser and Moss .*

Texture.--The texture of the soil is gener-
ally quite satisfactory for irrigation. Less
than six 'per cent of the total land is classified
as clay. About 80 per cent of the proposed
irrigated land is included in the textural
classes, Fine Sandy Loam, Sandy Loam,
Loam, Silt Loarn, Silty Clay Loam and
Clay Loam.

.`l'opography.-A very large proportion of
the proposed irrigated land exhibits nearly
level, gently undulating to moderately
undulating topography . 'i'here are also some
areas with rolling topo;;raphy but these hav e

, presently been considered unsuitable for irri-
gation along with sand (111ne areas, poorly
drained depres.sional are .-:s, and the cut-up
lands adjacent to the streams and eouleer ,

Drainage .-The general area is well
drained . The lands are of the upland prairie
type and generally lie 200 feet or more above
the level of the water in the streams . The
water table of the area is genérally quite
deep, seldom above 20 feet . In the course of
the soil survcy 80 borings were madc, to study
the permeability of the lower soil strata, A
stratum of 2 ower permeability was frequently
encounten ;-< below the depth of 12 feet
although in two cases such a layer NA , .;

:1 Soi) Ratmg and Clasi4fieation for Irrigation Lands in Western Canada-w . TEarl }3owser ami H . C. :►foss .Sei . Agr . 30 : 104-171, 7 950 .
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encountered at seven feet . In the opinion
of the soil surveyors, "no special difficulty
should arise in the soils overlying the imper-
vious strata" . The solonetz soils generally
exhibit impeded drainage and require some
care in handling in order to make successful
irrigated farm land .

Salt Content.-Chemical analyses indicate
that a proportion of the soils have soluble

, salts within the upper six-foot pronle . Gen-
erally these salts are below a depth of 18
inchés and are not of high concentration,
generally v,,ell below one per cent in the upper
three feet of soil, usually entirely absent in
the upper two feet .

Marshall and Palmer (`) hftve reported on
salt movement in an irrigated solo*letz soil
in Alberta . After 20 years of 4oppilig the
.,, .,ncentratioilof salts was generally reduced
throughota+ the profile ,.nd there was appar-
ently a gradual downwt,.rd movement . The
soils successfully produced crops for the 20-
year period discussed ( 19 17-37) and are cur-
r .' : ?y (1952) in crop production . The
authors state "that no harmful effects from
these salts have been observed, although the
concentrations in the lower depths remain

moderately high and might cause deteriora-
tion of the soil should a rise in position take
place." None of the analyses quoted in the
Soil Survey report of 'the Saskatchewan soils

is as high in concentration of soluble salt.s
as were,the Alberta soils studied by Marshall
and Palmer. With normal care in the appli..
cation of water, alkali salts should not

become a problem in the proposed irrigateci
area.* Normal care must include discreet
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location of canals and surfâce - drainage
ditches to prevent, seepage and a rising
water table, both of which tend to bring the
Okali salts to the surface layers where they
will limit crop production .

General Appraisal of Soils.-After con-
sidering soil texture, topography,- alkali salt
conterlt; degree of stoniness, and degree of
wind and water eraSion, itifoss ' et al indicate
in the Soil Survey report that 25 per . cent of
the 450,000. acres which are suitable for irri-
gation is of Grade 1-ver,y good irrigated
land ; ~3 per cent is classified as Grade
2-good irrigated soil, and 22 per cent is
Grade 3 or fair irrigated lalld . ': ,

The 'climate and soils of the proposer]

South Saskatchewan River area seem su :i-
able for irrigation development., '.Chr-, need
for irrigation and the probable sttcce,fs of it
is greater in the southern portion of the area
(near Tlbow and Outlook)'thall in the north-
ern segment (near Saskatoon)"; ExperiencE,
in Alberta and elsewhere indicates that irri-
gation farming is rarely successtiil in areas

where natural rainfall is sufhcient to permit
fair crop production ., This fact• would seem
to urge caution in the extension of irrigation
northward into the parkland belt

. In theElbow-Outlook area it appears tha t
irrigation could be established on a sound
rigronomic basis . Tl le climate and soils of

the area seem favourable for production of
usual irrigated crops . Thus the question of
ultimate success of,the development seems to

shift to economic and sociological con-
siderations .

° Marshall, J . B . and A. E . Palmer . Changes in th ; nature and position of the soluble salts in certain Albertasoils after twenty years of irrigation, Sei . Agr . 19 : 271-278, 1039 .

1
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Wat,er Supply *

The j)utposeiof the South Saskatchewan
Itiver. Project is to irrigate an estimated
454,700 acres,of land in Central Saskatch-
ewan by constructing a danl across the South
Saskatchewan River near Outlook . Associated
with the plans for irri g'ation, it is proposed
to develop h}'clro-electric power of which a

part woul,l be used to pump water to heights
ranging from 15 to 120 feet to irrigate
approximately 307,000 acres of the total , area .
In addition, it is proposed to create power
for municipal and industrial uses . The Coln-
nussion is requestecl to ascertain whether the
emlomic and social returns are commen-
surate with the cost thereof .

Itev ietir• of Physical and Lconoinic Feature s

• 1

The economic feasibility of the proposecl
project depends upon .,arious conditions and
factors which may be briefly sùmmarized as
follo ws : .

(a) The need for irrigation of the lands
for increased crop production as conl-
parecl whh crops grown untler the
existing dry farming practice .

(b) The suitability of the soils for

good crop production under irrigation

within the limits inipo5ecl by climatic
conditions. .

. (c) The topographic featules with respect

to roughness, steel) or flat slopes
which will permit. irrigating the land

by practical and economical methods.
(d) The volume and rate of fl ow of water

with attending unavoidable losses,

required for irrigation . and poiver . for
ptunping and other uses in relation
to the available supply .

From ll various reports on climate, soil and
crop production under dry farming methods
during the past, it . is indicated that condi-
tions generally for a large part of the project
would justify a conversion to irrigation
farming if it is economically possible to do
so . It is also apparent. that a. supply of water
for domestic uses would meet an urgent
need in municipalities and towns, and that
po«•er production would enhance ciomestie
and industrial uses within limits of its
economic I)rocluction .

The largest and most costly part of the
proposed project is the dam, the location of
which is fixed by topography 41011g . the
Saskatchewan River and by the geological
formations necessary to the security of a
very large' clam . Aside from the daln there-
remains the .cost of main and branch canals,
lateral distributary systems with appurtenant
structures and,, in this case, provisions for
a large amowlt of mechanical equipment for
pumping water .

Irrigation Rcqvirementii

The volume of water supply and rate of
flow for irrigation is based on certain clefin-
âble but varying factols . The variations are
the result of climate as influenced by tem-
perat:ure, length of growing season ti11Cl
rainfall ; by soil condition ; by kind of crops
grotiti•n, . and the average results of unregi-
menteci farm operations as : re'.ated to land
preparation ; time of planting crops, and the
efficiency of individual farnn management .

*This section was prepared as a rnernoran(lutn respecting req u irements and water 6upply by D . W. II1yà .
' •i
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The effect of these many influences on irriga-
tion requireménts is not definitely prédiet-
able. The most influential factor is the
volume and date of occurrence- of rainfall .
In wet years little or no irrigation is require(1''
whereas in dry years an abuiYClant supply of
water is needed. If a project is to be success-
ful, the size of irrigation works and water
requirements must be basr-,d on a reasonable
assurance of fulfilment in dry years, not the
driest year, but for a period of average dry
years. Conversely, it is equally important
that large and , xpensiv,U works should not be
built if years of sufficient to ample rainfall
for crop growth will preclude continued
practical irrigation .

Before proceeding to a review of the use
of water, it is perhaps pertinent to the proh-
lem to give a brief description of irrigation '
factors' and to expiain the reasons for a con-
siderable variation in the measure of these
factors .

Irrigation Factor

This factor is the percentage of the gross
irrigable area irrigatecl ` in one irrigation
season. It Will va-,,y with climatic conditions,
the progress of land development and in
changes in crop production from growing
grain to mixed farming and on to specialty
crops. It will be affected by the areas of
land sununer-fallowed or left idle .

Duty of Wate r

This represents the quantity of water in
depth on the land needed to produce the
optimum growth of crops . It is legally fixecl
for administrative purposes by the "Irriga-
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tion Act" and "Water Resources Acts" at
1-5 feet depth on the land and is expressed
at 1-5 acre feet for the irrigation season
May 1 to September 30. The D uty of
Water will vary with the seasons, particularly
with the date and amount of rainfall in
relation to the requirements for the kind of
crops grown .

Irrigation Period, Depth of Application
and Ditch Head

These factors are hiter-related in irrigation
practice .

The average depth of water applied for
one irrigation Will approximate 6 inches on
fairly well-prepared land but may exceed

this amount on poorly prepared land par-
tlcUlarlÿ during stages of early farming
practice . It may b o reduced to ~~ inches for
well-prepared land and the niethôd used for
irrigating.

The length of irrigation period depends on
the rate of flow of water supply or "ditch
llea(1" .

Tliese factors all combine to provide sufli-
cie»t (iepth of irrigation within a përiocl . f
from 12 to 20 (lays which n•ill' preclude
deterioration and unequal growth of crops in
a farm unit, and also prevent unnecessary
Waste of the irrigator's time . The usual
request for water varies from 2-0 to 3-5 c .f .s .
Tbo small a flow results in over-soaking land
near the source of supply and inability to
spread water . 'i'oo large a flow may result
in waste and possible damage to the farmer's
own or his neighbour's crops . A sufficient
ditch head is a highly valued asset to the
irrigatpr about which lie will vigorously
complain in the event of short supply . In
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these respects, however, there is a tendency ,.
to over-irrigate or demand more water than
is actually needed, partietilarly by inex-
perienced and careless irrigators .

These conditions result in. an .. irrigation
demand and, under proper use, constitutes
good irrigation practice in the best interests
of the farmer which governs the purpose of
the project .

Demand Fac ior

This is thé aggregate of all (litch heads
to be supplied in one irrigation period . The
demand factor will vary largely with wet
and dry years and be at its maximum in
a(Îry year. If the maximum is assumed at
100 ~/o then the maximum canal supply, in
theory, could be determined as follows :

Assume an area (,1) of 5,000 acres,
that . the irrigation factor is 80% ;
that the average depth of irrigation (d)
is 0•5 feet to be supplied in a perio (i (p)
of 1 6 days during a dry year of maxi-
mum use of water at 100%, then :--

(A) 5,000 acres X I.F.80 " X(d) 0-5 2000
- 02'5 c .f .e .(n) 10 daqs X 2 (to redace to c .f .s .) ~ 3 2

,S ince, ho wever, none of the above factors
is definitely predictable, an over-all factor
based \ on known conditions of flow in
operated projects may supl7ly the best
answer.

The use of this rati~ is a convenient and
practical method fôr determining the
required size of main and branch canals . It
is applicable to areas of strfficient, size,- 5,000
acres or more, to lirovide for average condi-
tions for a number of farm units .

Seepage

Additional capacity must be made in al l
irrigation works to provide for seepage losses
in the course of transportation of water from
source of supply to the point of furthermost
delivery. SeepPge losses vary' «•ith soil tex-
ture. In theory, for canals in, prairie soils,
it is frequently estimated at 6 c .f.s . per
million square feet of the wetted area of the
canal. This would be an intermediate factor
between losses for clay loam and losses for
sandy loam according to tests made many
years ago by the United States Reclamation
Service . No reliable information is available
for canals operated in Canada .

Evaporation from reservoirs in the open
prairie may be assumed at, 2-5 feet depth per
year varying from practically i ;othing in
winter months to a maximum during July
and August . Long (lays, high temperatures
and dry winds increase eva.poration losses .----

It is perhaps -pertirient to say that no
branch of engineering work for which lalge

amounts of money are spent, is stlbject to
so many variable and unpreù :etable factors .
In face of these conditions some of the large

irrigation projec4s in Alberta were first built
undersize as evidenced by enlargements made
since the original construetion . The possible
exception lies in erronèous early judgment

of the sustained need for irrigation wherein
rainfall in . excess of early expectations

Flow Rati o

This is a ratio expressed as that part of
the gro ss irrigable area wllich coul(1 be sup-
plied by 1 c .f.s. In the above case it would be
500 0

02 .5~1 c.f.s . to 80 acres gross irrigable area .
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resulted in sporadic use of irrigation and the
utimate conversion of the project largely to
the neecis for stock water . In these respects
a fine line of dernarcation may exist in the

varied conditions of climate and soil condi-

tions within a short distance or even within
the limits of the project itself .

The degree, of success of an irrigation

project or part thereof d,!pencls on the yearly
need and use of irrigation with a minimum

of exceptions and not in the reverse order
to the ultimate failure of its original purpose .

Iteviewof Use of Water in Large Project s

The first large irrigation project in t`anada
was started about 1910. In the follolti'ing
few years three more large projects were

under construction by private cdrnpanies .
In the early 1920's several irrigation districts
were foi•nled and works built . Except for
small project extensions no new irrigation

developments were undertaken until the
starting of work in recent years by the
P.F.R .A .

These older projects provide a history of

irrigation developments in Canada and some

rlièasure of irrigation factors relative to the

use of water . Unfortunately, they are not

consistent' each with another due partly to

the method used in supplying water and
procedure in keeping records . Data from
some of the large projects have been obtained

for the past ten years, 1941 to 1950 inclusive,

as shown by Schedules la, Ib, etc . attached.
Table No . I is . a summary of the averagc

factors for the ten-year perioti .

- Variation of Factors
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The principal reason for differencés in
the_ foregoing surnmary is due to a conlnlon
and convenient practice in some projects of
turtling more water into the nlairl supply
canal than is actually needed for crops, ex-
eept possibly at maximum demand, and
allow ing the excess writer to return to the
rivers as, waste water . Some variations
occur due to the size of the project for which
water is turned into the canals in anticipa-
tion of demands at remote parts of the
project . Variations are expected due to
local climatic con ditions and kind of crops .

The Eastern Irrigation District, Schedule
In, includes the irrigation of stiminer-fallow
as a part of the irrigated area although water
supplied is probably less than rettuired for
the cropped area . The area has been de-
ducted in the summary in relation to Irriga-
tion Factor to correspond with other projects .
If the quantity of water used for sllrnrller-
fallow were deducted, the Duty of W ater for
the cropped a rea, would be higher . The
Flow Ratio as show n is very high, being
based in the diversion of 2600 c .f .s . from
the ver plus diversion from four re servoirs
and therefore inclucles . reservoir storage
served to the lands under thenl . The Manager
states :

"If the farmer will irrigate early, before the
rush is on, the ditchrider will encourage him to take
4 to 5 ; feet of water and finish his irrigation as soon
as possible before the peak . W e try to give each
man 2 c.f .s . for each irrigation head during peak
deliveries, n)lowing for topography of the area in
which lie lives .

The extensive distance of most all farm lands
from our intake supply necessitates us keeping a
con stant stream in our canals nul filling our reser-
voirs in anticipation of irrigation clc mands that could
reach an inten se peak in 30 to 48 hours . Quite often
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The So uth Saslcçttchetvmt River Project

an unespecte(l heavy rain forces-tts to sj)ill water in
the Bow or Red Rivers . I)uring the customnry
three weeks' irrigation pcriod, there is no extra water

in our District and no water being spilled in any
of our divisions ." -

,-'lie Lethbridt;e Northern Irrigation Dis-
ta•ict operates on the principle of diverting

more water than needed for crops with sur-
plus Nvater returned to the river of which a
part, however, nl t.y be used on a retltnl basis .

The St. Mar1, a nd Milk River Project
has to some extent been short of water for
all periods of the irrigation season for which

provisions are made in the construction of
the St . 111ar,y dam . There has been a ten-
dellcy to irrigate early in anticipation of a
shortage later in the season .

The Canada Land cC Irrigation Co . Ltd.
was under gradual and continued enlarge-

Inetlts of its main canal with capaclty barely
sufficient to rle : t demands. There were no
provisions for taking care of excess water,

ltelice the operation of the canal was closeiy

adjusted to actual crop needs with daily

inspections at farm hendgates. The data is
therefore not comparable with projects

where a surplus of water could be diverted .
The cropÙ in this project were largely grain

with limited areas of hay and pasture crops .
For the Western Irrigation District (not

shown in Table No . 1) the Manager states :
"S ince the ?)istrict was formed in 1914 there

has been very little record of the irrignting clone
in the project . The farmers are largely wheat
growers and clo not wish to irrigate, but there is a
tenctency to go into livestock raising and rnixeci

briuing which will no doubt increase the use of
water . In most ycars a fairly good crop can be

grown without irdgation and irrigation is largel
y just an insurance against crop failure from drought."

The project has been in operation over 30
yertrs- ttntl is still in a prospective stage it,
relation to irrigation needs as a result of
borderline climatic conditions and tlle
farlner's attitude toward irrigation wllere
average rainfall will produce fair to good
grain crops in most of the years .

Yroportionnte Use of Water
in the Irrigation Season

Data to -,11ow the proportionate use of
water during the irrigation season will vary
with the seasons and kind of crops grown .
Where grain is the major crop, large quanti-
ties are required, usually in tlle pericxl of
15th June to 15th July, with little or no
irrigation in August and September when
grain crops mature and are harvested . With
the inclusion of hay, pasture and vegetable
crops, more irrigations are required extend-
ing into the late sttrnlner and fall . ,

Where diversions of water from the
natttral flow of a stream are made without
storage regulation, the pruportiollate use by
months is a, matter for close attention in
relation to water supply .

In the case of the South Srtskntclle«<ul

River Project with a large reservoir phmnnecl

for inlnlediate and direct supply of water,

the proportionate use of irrigation in the

limited time of lllaxlllluln demands will have

little general effect on the reservoir supply,

except in the matter of reservoir evapora-
tion.

It is generally agreed that the Inaxinlurn
demands occur within a thirty-day period,
June 15 to Jttly 15, with variations in the
succeeding nlonths according to character
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of crops . In- order, to correlate irrigation requirements for irrigation are herein ad-
demands with the conventional records of justed to calelldar nionths .
stream flow and power load factors, the A summary of data

. obtained is as follows :
l'ercenlag c cj Use of iVater by Bfonlhs

------
April May June f July Aug .

7.ethbridge Ex. Station . . . . . . . . . . . . . . . . . . . . .

--_

10

-- '

20

I `

30St . Mary's i ►niI► 114i1k River . . . . . . . . . . . . 03 17 19 2 4
20

C.i. .d;1.Co.(a) . . . . . . . . . . . . . . . . . . . . .
C L dI C b

. . . . . . 3• 0 41 .0
47-2

1E 3

3- 0. . . o . ( ) . . . . . . . . . . . . . . . . . . . . . . 5-3 32•2 '18 -5 10 .0

10
09
2•fl
7•5

Tota l

100

100
100

100

(a) 1)elivery of water at fam unit headgates at VauxLall .
(b) Flow of water at Drop No. 3 on Main Canal 20 miles above District and includes seepage to Leadqates an dflow for sucnmerflotiv and stock water in months August to October .

'1'lle records of the Lethbridge i;xperi-
mentrtl Station relate to use of ivater on a
Vrtriet,y of crops grown and irrigated under
careful supervision .

Records for the St . Mary and Milk River
Project, years 1941 to 1 950, are measure-
rnents at farm unit lieZdgates for grain, hay,
})a5ture and vegetable crops, and reflect the
use of water for the latter crops in Augus

tanci September. Early irrigations in April
and relatively large amounts in May are
partly attributed to the practice of farmers
to irrigate when water is available in ttntici-
pation of a sllortafre of «•ater later in the
season wllich h~ts ~~ ~~rre~I dtuillt the pnst
for this Project . 1:,11cling this conclition,
it is probable that. le~ .: water would be used
in May and more in Jttrie .

In the Canada Land &- Irrigation Com-
pany Project at Vrtuxlla]1, where grain is the
major crop, irrigation l'eaches its maximum
in the period June 15 to July 15, shifting
according to seasons, with little water used
after July 20 except for stock water or Stlnl-
mer-fallow land .

Early irrigation in May is largely for
alfalfa and past ure. Grain crops are not
usttally planted and rertcly for irrigation
before the latter part of XIay . L'.xcept where
required for germinating seed, it is not prflc-
ticrtl to irrigate grain before the grain is w ell
st)routeci in orcler to avoid Nvashil,g the soil
surface and chatlnellint; in the 1)rocess of
irrigation .

I ", atin 1 t 1 tccl Une of Wztter fo r
South Saskatchewan River Projec t

'I'he use of water as related to all irriga-
tiotl factors must be predieated on an esti-
lnate of future clerelopment in the proposed
project .

Like all projects, it is probable that agri- .
culture under irrigation for some time will

be confineci to growing grain witll gradual
transition, in part, to Iltty and pasture for
growing and fattening livestock with some
areas in vegetable crops . It is not expected
that a project of its size can be soon con-
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verted to a highly developed project for
growing sugar beets, canning crops and other
specialty crops, which can be commercially
produced in Canada) pending a very large
increase in Canada's population and im-
proved market facilities .

With respect to various factors the follow-
ing suggestions are lnade :--

IrrigFllion Factor

In view of the probable production of
grain crops for some years and concurrent
iieeci for SUIIllller-fallow, the Irrigation Fac-
tor will approximate 80 per cent .

Duty of Water

For actt.lal use on grain crops it is prob-
able that a"Duty of Water" of 1-3 feet
«,oulcl be sufficient in average dry years, no
water being required for fall irrigations .
Upon including hay and pasture crops with
limited areas in vegetables requiring late
slulilner and fall irrigations, the I :)uty of
Water will increase . Taken together it is
estimated that 1-5 acre feet may be required
in average dry years .

Deptli of application, period of use and
clitch licacl are factors relative to size of
lateral works required by farmers to irrigate
crops without loss or waste of the irrigator's
time . nrovision should be macle to deliver
3 c.f .s. to each farm unit subject to prbb-
ab.le demands on the lateral system varying
from 100 per cent for one farm tmiL to 70
f)er cent for ,,in area up to 5,000 acres . This
will provide for some leeway in ditch capn-
cit,y for one lateral ditch system in relation
to the average for several lateral ditch s,ys-
tems to be supplied by the main canal .

203

Percentage of Use during Irrigation Season

There will be some variations in the per-
centage of use of water by calendar montlls
according to crops grown . It is anticipated
for the South Saskatchewan River Project
that grain will be the major crop for many
years with gradual transition to livestock
and mixed farming for a part of the area in
due time .

Having regard to all conditions the fol-
lowing percentages of use are suggested :

May Ju 11 e July Aug. Sept . Oct . Tota l

10 30 30 1 6 10 5

Io

100

81111111 vari l" tions in percentage by months
will not affect the reservoir supply except
for minor changes in evaporation .

Flow Ratio

Ilegzrclless of any or all factors per-
taining to irrigation, if the size of works

will meet peak delnancls, then all other con
ciitions can be fulfilled limited only by the
ri.vailable reservoir supply. Referring to
flow ratios for operated projects, as shown

by Table 1, it is suggested that 1 c .f.s. net
cleliN ereci at farm unit }leadgates to 90 acres

gross irrigable area shoalcl meet require-
ments. To the maximum rate of flow so
deterrninecl provision must be made for

seepage for which G c .f .s. per million square
feet of wetted area is suggested .

i
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Power Requirement s

Power is recPuirecl for ptunpi ng water from
1 5 to 120 feet above gravity supply level
for a pprox iluately 307,0 00 acres. For this
purpose average moilt}lly requirements for
po wer w ill approximate 25 ,000 H.P. cll.iring
Ju ne and July . The remaining available
water supply in the reservoir may be used
for commercial power for which average
inollthly load factors as a percenta ge of
peak loads in I)ecellll)el•, typical of .operated
plants, is es timated as follows :-

\ovember 5 4% March . . 'S0no Jul y . . . . 43 %
December 58 ;'o APril . . . 44 ;0 August . . 45 %
January 50~0 May . . . . 43 % September 48 ;'0
Fcbruary 49% June . . . . 43 % October . 5I jp

Relntion of «':dec Req u iretnents

to «rater Supply

Table No . 2 attached shows available .
water supply iv South Saskatchewan River
for a period of 2-5

, y
e "lr ;; which include sevell

successive year5, 19:34-35 to 1940-41, when
the flow of water averaged less than any
uthcr corresponcling period of record . The
flow is taken from data compiled by the

Prairie Province Water Board, Report
No. 3. dated ~\fiqrch, 1 951, showing flow of
South Saskatchewan River at bouliclary
after Alberta's request for Red I)eer and

sinall irrigation (with Clearwater diversion)
:.'onclition B .

Table, No . 3 is an estimate of ll•ater
required for 454,700 acres ait 80 per cent I .T .
plus estimated seepane losses at 60 per cent
from reservoir to landrerved . The estimated
seepage is a mere guess pending data on the
length and sizo of supply callals .

Table No. 4 shows estimateci average
power per month required to pump watCl•
for the areas of land to be served by pumps
with estimated seepage losses reduced to 40
per cent to provide for tllat part of the canal
losses from punips to lands served. The
quantit.y of water required for irrigation f,s
per Table No. 4 is provided for in the
estimafes as per Table No . 3.

Tables Nos . 5a, 5b, etc. These Tables show
the effect on the reservoir with dam in the
Qu'Appelle Valley at Elbow for seven
successive years in the relation of available
reservoir kupply to required outflow to meet .
demands under condition of the various
factors used for irrigation and power.

The rate of flow of water from the reser-
voir for generating power will vary witlliu

the limits of the available power head

between the I11a\1111U111 water surface eleva-

tion of the reservoir and the required supply

level of water ill the canal for irrigation .
The maxitntitll elevatio,) of water surface in
the reservoir is El . 1325, the full supply level
of the calial EA . 1800, and the bed of the
canal E l . 1787-5 .

Preliminary trials have, been made to
ascertaill whet.her or not the water supply
in the reservoir, during the cycle of dry years
1933 to 1940, would provide for irrigation,

pumping and the typical commercial power
loads for a .plant of 1 5(,000 H .P. Another
trial was made for a . plant capacity of
120.000 H.P. In both cases the availahle
water supply from the reservoir was insuffi-
ciellt to all extent that the reservoir dra%v-

(Iowll depleted the water surface ill the
reservoir below the required elevation to
supply the calial .
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206 Royal Commission on South Snskatchvman Rive r

mABl,r; No . 3

h'alimaled water for 464,700 acres at 80% I .P. Plus cstimaled seepage los4e6 at 60% from reservoir tc lan d

Net

-
Purnp
Lift

Aren-
Acres

Area
at 80% M a yy July Aug . Sept' Oct . Totals ~'otnl a

1 . F . uc. ft .

Percentngo of Use . . . . . . . . . . . . . . .
Depth per acre on land-ft .

10 %
•15

30%
• 15

30% 15% 10% 5% 100%. . . . .
Assumed Losmes at 60% . . . . . . . . .

. . . . . .

. . . . . .
. . . . . .
. . . . . .

. . . . . .

. . . . . . •09 •27
•4 .5
.27

•225
•135

•1 5
•09

•075
•095

1•5 n .f .
•9 n .f .

'I'otalclepth per acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . •24 •72 •72 •30 •24 •12 2-4 n .t .
11'atcr Hcq uircrncnts-

l'olnnd bygrnvity, Div . I to5 . . . . . . . . 147,700 118,160 473 . 1,418 1,418 709 473 287 4,778 280,680
To be PunipcJ-
Divs. fi, 7 and 8 . . . . . . . . . . . . . . .
lli~•e . 9 to 14 . . . . . . . . . . . . . . . . . .

15 '
30'

42,850
106,150

34,28 0
84,920

13 7
340

411 '
1 019

41 1
01 91

20 0
510

13 7
340

6 9
170

1,37 1
3,

82,260
Divs.15 to 17 . . . . . . . . . . . . . . . . . . 60'

'
79,400 03,520 254

,
762

,
702 381 254 127

30 8
2 540

203,880
152 400llivs. 18 to 21 . . . . . . . . . . . . . . . . . . 120 78,600 62,880 251 755 755 378 251 125

,
2,515

,
150,90 0

rotais to lands to be pumped . . . . 307,000 245,600 982 2,947 2,947 1,475 982 491 9,824 589,44 0
Totals-Alt Lands . . . . . . . . . . . . 454,700 1, 453 4,365 4,365 2,184 1 .455 778 14,602 870,120

TABLE, No, 4

Estimated H.P. required to pump water for 807,000 acres at 80% I.F . plus e~ttintatcd seepage at /,0% from
site of pump to la n tl assuming pump efficiency at 76% and transn :ission at 90% cf.

Net
Pump
Lift

Aren-
Acres

Area
nt 80% May June July Aug . Sept . Oct . Totals Totnl s

I .1~ . ne . ft .

I'ercentnge of Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10% 307, 30% 15% 10% 5% 100%I)epth per acre onlnn d u--ft . . . . . . . . . . . . . . . . . . . . . . •lfi •4" •45 •225 • 15 •075 1•50n fAsswncd Lossnt40% . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . •00 •18 •18 .09 •00 •03
. .

• 6 0n.f .

Total depth per acre . . . . . . . . . . . . . . . . . . . . . . . . . . •21 63 • 63 •315 •21 • 105 2•10 n .f .

11'atcr to be puntpcd-
I)iva . 6, 7 and 8 . . . . . . . . . . . . . 15' P̂ ,850 34,280 120 3G0 3 60 180 120 60 2001 72 000Dive . 9 to 14 incl . . . . . . . . . . . . 30'

'
100,150 84,920 297 892 892 446 291 148

,
2,07 2

,

,
178 320I)it•s . 15 to 17 incl . . . . . . . . . . . 60

'
70,400 03,520 222 000 666 333 222 111 2 220

,
133 200Diva . 18 to 21 incl . . . . . . . . . . . 120 78,G00

•
02,880 220 66 0 66 0 330 220 110 2, :.00

,
132,0(W i

Tolals . . . . . . . . . . . . . . . . . . . . . 307,00 0 245,00 0
_

--
859
---

2,578
-

2,578 1,289
--

8 ;9
--

429
----

8.592
_ . .

515,5 21 11

Di v a . 0, 7 and 8 . . . . . . . . . . . . . . 15'

-

. . . . . . . .

__

. . . . . . . .

--=

303

_-__---

908

-~___

008

------

454

__~_-

303

-_-_-- -

151

-- ---

3 027

~---~

llive.9 to 14 . . . . . . . . . . . . . . . 30' . ,d'J5 4,495 2,247 1,498 749
,

14,08 2
Di~•s.15 to 17 . . . . . . . . . . . . . . .: 60 . 0,720 6,720 3,360 2,240 1,120 22 40 0Dive . 18 to 21 . . . . . . . . . . . . . . . 120 '

-
. 13,320 13,320 O,f60 4,440 2,220

.
44,400

Total H.1' . (a) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
--

8,481 25,443 25,443 12,721 8,481 4,240 84,809 =
-

45,552 .G00

(a) II .P. at Power Ylant, e . f.s . x It = c .f .a . x h
y -75x '90 5•917

K11' Ifrs
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A further trial was made for a plant
capacit.y of 100,000 H.P. It is evident by
the computations that the demands for irri-
gation and power cannot be continued into
1940-41, a very dry year, and maintain
reservoir el evations above Canal F.S.L. A
rough esti mate of the deficit of wtiter and
effect on production of p0 iver is_g s follows :-

Yearly requirements of water for irriga-
tion, evaporation and power for a plant of
100,000 H .P. at load factors used, approxi-
lnates 60,000 c.f .s . mo. Reservoir inflow for
1940-41 was only 40,040 c .f .s . mo. a deficit
of 20,000 c .f.s . mo. for the year . The deficit
for 1 939-40 below Canal F.B .L.. approxi-
mates 13,000 c.f.s. mo ; total 33,000 c .f .s. mo .
If this alnount is distributed over the period
June 1938, when reservoir is full, to Oetaber '
1941, total 65 months, then the average
deficit of water per month is 508 e.f.s. or
6 ,096 c.f .s ; mo . for a, year. At an estimated

mean head of 170 feet this represelits 94,200
H .P. The power production per year from
a plant of 100,000 H .P. at load factors used
is 574,000 H .P. Deducting 94,200 H .P.,
leaves 479,800 H.P. therefore :

574,000 : 100,000 t : 479,000 :(x)=83,000 H.P.

This represents roughly, on the basis of an
estimated power head, the capacity of a
plant which would prevent depleting the
reservoir below Canal F .S.L. during thei
period June 1 9 36 to October 1941 .

Comparison Reservoir Outflow
versus Inflow

The following is a summary of reservoir
outflow in c .f .s. mos. required to meet irriga-
tion and power requirements as determined
by Tables fia, 5b, etc . for the years 1 933 to
1040 as compared with the average reservoir
inflow for years 1928 to 1941 .

Year Draft for
Irrigation

Draft for
Pumping

Iteservoi r
I;vaporation

Draft for
100,000II .P .

,7ota l

1033-34 . . . . . . . . . . . . . . . . . . . . . . . . .
1034-35

14,602 5,104 4,181 34,091 58,878. . . . . . . . . . . . . . . . . . . . . . . . .
'1935•36 . . . . . . . . . . . . . . . . . .

14,602
14 602

5,088 4,231 34,800 68,81 1. . . . . . .
1036-37 . . . . . . . . . . . . . . . . . . . . . : . . .

,
14,602

5,164
5,632

4,140
3,487

35,024
37,701

58 U30
61 9821037-38 . . . . . . . . . . . . . . . . . . . . . . . .

1038-39
14,602 5,559 3,G03 30,162

,
62,820. . . . . . . . . . . . . . . . . . . . . . . . .

1639-40 . . . . . . . . . . . . . . . . . . . .
14,002
14 GO?

6,651
5 8 3

3,458 `-,8 , 685• 62 , 296
. .

1940-41(b) . . . . . . . . . . . . . . . . . . . . .
,

. . . . . . . . . . . .
, ( 5 3,241 (a) 40,02 7

.
63,735

. . . . . . . . . . . . .

Averages . . . . . _ . . . . . . . . 14,602 5,437 ~ 3,749 37,206 60 ,904

I\To'rE : (a) Deficit of 13,000 c .f .s. below Maximum Power Plant Capacity
Canal F.S.L. and (b) insufficient inflow to in Relation to Peak Londs
restore reservoir to supply canal .

The average _ inflow to the reservoir for Computations for power are based on the
13 years 1928-29 to 1941-42 inclusive (see average monthly power load in relation to
Table,l) was 59,352 c .f.s. nlos, the maximum peak load in December. In
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sinlilar manner a peak load for ptimpiiig will
odeur for ten (lays to two weeks in June or
Jtlly for irrigation which will be considerably
ili excess of the commercial peak load f or
those lllontlls. This peak demand for irri-
ga tion is (ieter lllllle(1 1)y ,t}le Ill ;ltllilulll flow

1)iv3 .
I)ivs:
llivs . 1
Divs. 1

''

78,600 873

ot ; ►ls. 307.000 3,41 1

(a) 11T . at power plant =
c . f,s. X h c.f .s . X

8•81 X •7

5 The

90 5-94 7

''he above po« ,el• peak load for punlping
f)l'lllt;s the maximum po~~'el' reC~ull'elllellt :, ,

for a short ten (lays to two weeks period in ,i
June or July, viz :-

If .P . H.P.
Power for typical lo ;ls frov) 100 .00 0

H .P . Plt+nt . 43,000
Add for normal June or July peaks ,

fiay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40,000 83,000

1'lus irrigation penk load as above . . . . . . . . . . . . 47,130

lfa~imum Capacity requirc(l . . . . . . . . . . . . . . . . . . 130,130
:lvailable C'at~acit)• (Ille to Water Supply . . . . . . . 100,000

lleficit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30,130

On aco ► tlparal)le basis the peak load in
June or July for 83 .600 H .P . N~•ottlcl be :-

Ir .P. Ir.P .
1'ower for t~•picnl loads from 83,00 0

H.P. plant . . . . . . . . . . . . . . . . . . . 30,000
:1~t~1 f~'r normal June or July heaks ,

Fil> : . . . . . . . . . . . . . .i . . . . . . . . . . . . . .33,000 Q9,000

Plus irrihation peak lo~tds na above • . . . . . . . . . . . 47,13 0

\flximum C:pncity Itequired . . . . . . . . . . . . . . . . . 116,130
:lvailable Capacity due to ~~'ater5upply . . . . . . . 83,60 0

I)eficit . . . . . : . . . . . . . . . . . . .' . . . . . . . . . . . . . . . . .,. 32,530

Water for Irrig. tô Irriq. Ratio Losses ,
1)C

ratio, i .c . 1 to 90, plus lossesThe maximum
power requirement for punlping would be
for a short period once a year for which,
nevertheless, provision must be made from
some source The power. ''he anlount of thi s
peak load is coillputed as follows :

Gross Max. Flow Est .
P111111) Required

Slll)I)llCll 1)j' pumping Area : 1-~, %at 40%
rUt :ll9 111 :

'
11 .11 .

Acres c .fa . c .f .s . I~ ect (a)

(i, 7 and 8 . . . . . . . . . . . . . . 42,850 476
9 to 14 iuc . . . . : . . . . . . . . 106,150 1,180 47~ 1,652 30 8,333
5 to 17 inc . . . . . . . . . . . . . 79,400 882
8 to 21 iuc . . . . . . . . . . . . .

-

;== - _ ---_------ . -

190 000 15 1, t380

353 1,235 60 12,460
3!9 1,222 120 24,657

1,361 4,775 ( . . . . . . . . .I 47,130

It is indicated that the «'ater• stipply would
be short for peak irrigation requirelnents in
June or July by about 30,000 H .P . and
32,500 II .P. in the respective periods for
whicll fluxilitu•y power lnust be provicied .

A power plant of 1~0,000 11 .11' . or more
could be maintained byi the available reser-

N'oir supply in wet years . Its use, however,
«•oulcl be subject to the following eondi-
tlolis :-

Illsufficient water supply in dry years
as in the period 1933 to 1941 .

( b. ) The difficulty of supplying pe'iter if
the irrigation peak load for ten days
to two weeks in June or July creates
a cleff cit for normal commercial load
commitments, thereby 6Sultlng 111
shut-downs, power ralloiling or the
need to purchase power for the short
period from some other source :

It will be understood that. the foregoing
analysis of the use of water for irrigation is
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based on the average conditions of a dry
year with all Irrigation Factor at 80 per cent
and I)uty of NVater at 1 - 5 acre feét . These
factors may vary according to relative differ-
ences in the amount and dates of ôcctlrrellce
of rt:illfall . It. also may be assulnecl that

21 3

seepage losses mibht be higher due to the

sal,tly loani texture of soils as related to

length and size of canals . These variations

would have some efieet up and cio N%, n on the

power potential in some years .

Cost for Pumping Water to Lan d
On the basis of commercial peak loads,

the allnual charge for power installation and
transmission lines should approtimate

$20.00 per H .Y . per year . . At this value the
cost per acre for pb Nver only to ptllllj) water
to lands is estimated as follows :

Gross Pump H.P. at Anuua, Jost Cost
Land Irrig . Lift Peak at . $20 .00 Per

Area Ft. Load per Acre

S S
Divs . 6 , 7 and 8 . . . . . . . . . . . . . . . . . . . . . . . . . . 42,850 16' 1,680 33,w0 0•78
Divs. 9 to 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . 10G,160 30' 8,333 160,060 1•67
Divs.15 to 17 . . . . . . . . . . . . . . . . . . . . . . . . . . . 79,400 60' 12,460 249,200 3 .13
Divs.18 to 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78,600 120' 24,657 403,140 0-27

Totals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307,000 . . . . . . . . . . 47,130 042,600 3-07

Upon adding the above average cost per
acre for power only to tlw estimated cost
for operation and maintenance for the irriga-
tion work's, including pimupinb plants, at
say ',.,2.00 per acre (based on average cost fo r

P,•oposed TliXargement

Alberta projects) brings the total to OVCI'

,55.00 per acre per year. This is too mucll
for the fnrmer to pay and does not include
any charge for principal and interest for a
water right .

Since the foregoing I1lemoranduln was
directed to the Colnlnission, it has been
found that the reservoir is to be enlarged by
shif ting the location of the clani in the
Qu'Appelle Valiey .

The enlargement s brought, about by môv-
ing the site of the clam in the Qu'Appelle
Valley to the 3rd Meritlian some 20 miles
east of the L .:how .Crossing site as formerly
planned. This is sho%Nil by map, profiles, etc .
following Chapter 1 6, pages 104 to 107 in

of Reservoir

the General Engineering Report, dated
March 1 952, submitted by the P .F.R.A . at
the meeting in Washington, D .C., April 7,
1952 .

The proposed enlargement appears to be
planned for the purpose of obtaining addi-
tional storage of water for power during a
cycle of wet years to provide for reserve stor-
age of water for . use during a period of dry
years. Aside from this it is not clear from
reports and data whether other features such



214 Royal Commission on South Saskatchewan Rive r

as conditions of foundations for dams, rail- with dairl in the Qu'Appelle Valley at the 3rd
way locations, facilities for supply of water Meridian and Elbow site as formerly
to Moose Jaw or Regina, or otller features planned.
enter into the reasons for the enlargelnelit .

An estimate of reservoir service for th e
enlarged reservoir, determined for inflow
versus outflow worked out for monthly

Dain nt 3rd 1lteridinn-
LIov .1825 . . . . . . . . . . . . . . . . . .
E lov . 1800 . . . . . » . . . . . . . . . . . .

Capacity,
acre feet

Area
Acre s

pe .~iocls by tables and cllart would involve
a large nmottlit of detailed computations .
For general purposes it is lloped that a
Table as sllown llerein will suffice to pro-
vide for an approyilliate estimate of power
potential in excess of the use of water for
irrigation, seepage and evaporatioll and
supply of water to Regina and Atoose Jaw .

Comparative Reservoir Capacities z»>d Areas
of Witter Surface

In reports of the P .F.R .A., references are
made to a draw-down in the operations of
the resermir of 40 feet., whereas the full
supply level is at :lev. 1825 and the Canal
F.S .L. at E lev . 1800, difference of 25 feet . It
is indicated in computations in our earlier
melnorall(lUlil tlilit C11t11cUltles would arise in
11 cyclc~ of dry ~•ears slIoz.lcl the reservoir be
drawn dov: yi for winter power below Canal
F.S.L. in anticipation of spring inflow replell-
islling tile reservoir to all elevation sufl.îcielit
for irrigation. It'lnight be possible to do so
if the conditions of 1>, very wet winter
indicated a fortllcolllil] g }llgll spring inflow
but this may happen only occasionally and
would be llazardous for irrigation require-
men ts . It tllerefore appears advisable to con-
sider the available capacity of the reservoir
withill the limits of full supply level Elev .
1S2r5) and the Canal F.S .L. Elev. 1800 .

The following shows the comparative
cnpar.lties and areas for all enlarged reservoir

Mean Area

I)Aln At I:11)oW^

E,Iov. 1825 . . . . . . . . . . . . . . .
Ltev.lsuo . . . . . . . . . . . . . . . . . .

Mean Area

DiJfcrencc . . . . . . . . . . . . . . .

2,(49,53 0

2,282,25 1

387,27 0

MüXilllulll Availnble Po wer

41,100

38,03 7

0,123

121,758
93,42 1

107, 59 0

104,000
70,03 1

01,81 5

10,07 5

Table A is based on conjecture of possible
reservoir operations under condition of
llaving aclvaliee kno«•leclge of inflow as
shown by the records of inflow, by whicll the
maximum power potential is determined for
the period 1923-24 to 1947-48 . For future
use advance knowledge of inflow is not avail-
able . In prittetical operations there -woulcl be
a. tendency to draiv on the reservoir exces-
sively to supply ivater for a . dry year assuln-
ing the next following year would be wet, and
refill the reservoir . 'l'llis, however, does not
always occur. Therefore, without advance
knowledge of inflow as shown by the records
oll wllicll Table A is based, it is probable

that the power potential would be less thtln
sllowll by Table A .

Table A is predicated on the following
principles :--

(a) Tlle .reservoir will not be depleted by
draft for power, ending October or
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during the winter, below Canal F .S.L.
and then only if there is ample evi-
dellce of an abulldslnt forthcoming
inflow for the sucecceding year's
operations .

(b) `i'llat the reservoir is refilled during
relatively wet .yenrs its an assurance
for future use in a dry year or perioci

of dry years rather than to draw

excessively on storage during a we ;
year and leave reservoir reserve in
s11o1't, Sllnl)l3i .

(c)

Project 215

Acre 1~'t• o ./ .a . moa .
It is assumed that the max i

muta irrigable area is 454,-
700 acres for which water
for irrigation ph- seepag e
is estimated at . . . . . . . . . 870,120 14,002

The average area subject to
Lvaporntion will approxi-
mate 110,000 acres at an
estimated loss 2-5' per
acre including ' rcearvoi r
seepage . . . . . . . . . . . . . . . . . . 276,000 4,583

Provision is made for water
for the Cities of Regin a
and Moose Jaw . . . . . . . a . . . 20,000 483

Totals . . . . . . . . . . .1,180,120 10,008
Assum, the amount at 19,070 c .f .s . mos .

'l'AI3LL A

Table showing uater supply to reservoir less requirements for irrigation, seepage, evaporation and supply of tiater
to cities of Regina and Bioose Jaw, under assu n :ed operations of reservoir with dam at 3rd nteridian .

,

Year Reservoi r
inflow

c f s 11103

Plus
storngo
d ft

Less
to

t

Tota l
reservoi r

6u1 v Y

I.c~s.g for
irrig . ,

aovnp an d n

Availabl e
fo r

power

Alea n
monthly

flow

Est .
average
head (1 1 )

Il•P• i1 t
8 0%

c .C .L . . X i~

Storag o
re .serv e

c .f .s .. . . . ra s ornge
c .f .s . IlioB . cities e .f .s . 11109 . C .f .B . ft . 11 IDos .

1023 . . . . . . . . . . . . . . . . Assumed lteacrvoir Stnrnqe It cserve ,- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1023-24 . . . . . . . . . . . 67,70Q 20,G00 . . 87,7Q4 10, 08,038 fi,070 75 00,200 5,000
1024-25 . . . . . . . . . . . . . 05,983 5,000 87,fl83 10,070 08,31'3 5,690 170 87,010 13,00 0
1025-26 . . . . . . . . . . . . . . 85,703 °,000 . . . . . . . . . . 87,703 10,670 ti3123 ti,fSO 170 87780 11,000
1920-27 . . . . . . . . . . . . . . 163,672 . . . . . . 33,100 130,512 10,670 110,512 0,210 175 146,b20 1,16 0
1fl27-24 . . . . . . . . . . . . . . 140,712 . . . . . . . . . . . . . 140,î1 10,670 127,012 10,500 185 173,100 44,160

1028-2D . . . . . . . . . . . . . . 70,438 . . . . . . . . . . . . . 70,438 j0,070 51,768 4,230 1h0 60,220 41,160
1029-30 . . . . . . . . . . . . . . 5U,935 12,000 . . . . . . . 71,935 19,070 52,265 4,360 175 69,360 32,160
1030--1 . . . . . . . . . . . . . . 37,212 32,160 . . . . . . . fi9,402 10,070 49,732 •1,110 170 63,950 ,
1031-.{2 . . . . . . . . . . . . . . 70,029 . . . . . . . 10,000 00,620 10,6Y0 49,J50 4,160 105 62,400 10,000
1932-33 . . . . . . . . . . . . . . 71,860 . . . . . . . . . . . . 71,Ffi0 10 .670 52,190 3,350 16!i 01,700 10,00 0
1033-31 . . . . . . . . . . . . . . 73,513 . . . . . 13,000 60,513 10,070 40,873 3,410 170 53,700 23,000

1034•-35 . . . . . . . . . . . . . 05,121 . . . . . . 5,000 60,121 10,070 40,451 3,370 175 53,010 25,000
1935-30 . . . . . . . . . . . . . . 50,2fi0 10,000 . . . . . . . . . . 00,260 19,470 40,590 3,380 175 53,770 18,000
193f,-37 . . . . . . . . . . . . . . 37,710 18,000 . . . . . . . . . . b5,710 19,670 36,0•10 3,000 170 40,360 . . . . . . .
1937-38 . . . . . . . . . . . . . . 73,808 . . . . . . 14,000 b9,868 1J,070 40,198 3,350 170 . 51,770 1•1,00 0

10 ;c3-30 . . . . . . . . . . . . . . 53,868 7,000 . . . . . . . . . . 00,803 19,070 41,198 3,,+.30 165 51,450 7, .AO
1939-40 . . . . . . . . . . . . . . 50,061 5,000 . . . . . . . . . . 61,061 19,070 41,398 3,440 165 51,600 2,000
10a0-11 . . . . . . . . . . . . . . 42,010 2,000 . . . . . . . . . . 44,010 19,070 24,370 1,700 105 21,590 . . . . . . . . . .
1041-42 . . . . . . . . . . . . . . 108,010 . . . . . . . . . 44,100 03,830 19,670 44,210 3,680 175 58,5i0 41,160
1!142-43 . . . . . . . . . . . . . . 85,026 . . . . . . . . . . . . . . . . R5,926 10,070 60,256 5,520 1S0 00,330 4•1,160

10•13-44 . . . . . . . . . . . . . . 40,776 34,000 . . . . . . . . . . 80,J 10,d70 01,100 5,090 175 80,080 10,160
19-i4-45 . . . . . . . . . . . . . . 70,080 10,160 . . . . . ., 80,240 19,670 01,570 4,960 105 74,400 ;, . . . . . . . .
104 5-40 . . . . . . . . . . . . . . 79,019 . 19,b70 G0,249 5,020 165 75,301 . . . . . .
1940-47 . . . . . . . . . . . . . . 113,205 . . . . . . . . . . 33, 80,2D5 10,670 1t0,b25 5,050 175 80,340 33,000
1947-48 . . . . . . . . . . . .*. . 17b,070 . . . . . . . . . . 11,100 04,519 19,670 144,819 12,070 180 197,610 44,160
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(d) 'l'able A is based on inflow for
the period \rovelllber 1 to October
31 . Since the bulk of inflow occurs
in the spring luontlls, April to Julie
inclusive, maximum storage. in the
res ,~rvoir w oulcl ocC u r in July with
~lélüt~fi'icili -'as" " a t ' 'C)ct6 ii6 r 31 il , steaci
of hcint; 'a t full capacity i .e . 44,1 60
c .f .s. lllos. as shown by the Table .
It is probable th a t vaste «'ould occur
in \vct years during the spring lllolltlls
and therefore the power potential may
be less than the amounts shown by
Table A in such yecrs . Irrigation
requirelnents occur in the period May
to October inclusive . at _ variable
amounts with very high peaks in
Julle or July, «•hich, however, 111 sollle
relative clc ;;ree , coincide with varia-
tions in reservoir inflow . In similar
manner, Nvater required for pump-
int; va ries with irrigation recluire-
lnent s, provi s iol l s for which are
deducecl from the tota l power potell-
ti a l as shown by Table B to obtain

the net potelltia l commercial energy . .
'l'llese variations may have snllle eftect
on the storage reserve from time to
time and relative losses by ev apora-
tioll .

In these several respects, as before stated ,
a more accurate accounting of reservoir
service cannot be obtained short of detailed
computations by lnolltlls by Tables and
Chart as shown 111 the earlier Ale111orRlldulll .

I-Iaving regard to the average H .P. capable
of production, as shown by Table A, it is

observed that potential power in excess of
75,000 H .P. occurs in eleven years out of
the twenty-five years 1923-24 to 11)47-48 .
Assuming an average allllual load factor of
50 per cent this would provide for a, plant
capacity of 1 50,000 H .P .

Table B
Table B shows the total amount of

energy per year to be obtained frolll
regulated water supply, as per Table A, for a
plant capacity of this size . A deduction for
1)ulllplllg water for irrigation in the months
May to October inclusive, 45 ,552, 600 K.W .
I -Irs. (seu Table 4 above) is made to arrive
at the balance of energy available for com-
mercial use . For this -purpose Table B illcli-
cates that an average of 371 - 4 M.K.W. IÎrs.
could be obtained over n. period of 25 years,
and is reduced to an average of 314-4
M.K.W. Iirs, for the 14 consecutive dry
years 1 928-29 to 1941-42 .

A report, by the P.F.R.A . entitled "Water
Supply Study" clate(1 January 1952, Page 5,
under the lleading "Firill Commercial
Energy", states :

"The end result of the reservoir
study was to discover just llow muc}1
commercial energy could b e produced
after all other demands had been
satisfied" .

This presumably refers to supply of water
for irrigation, pumping and water to Regina
and Moose Jaw Nvitll attending seepage and
evaporation losses . Thell follows the state-
lllell t :----

"It is found, using the above pro-
cedure, that this project could produce,
each and every year, ellergy in the
following amounts . . . . total every
year 326,500,000 K .W. Hrs."
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Energy
per yea r

M .K .W . IIrs .

TABLE B
Showing commercial energy available from a 160,000 11 .P• p lant at 60% load Jactor, fless energy req u iredfor pumping plants for irrigable lands estimated at 46,66 2 , 600 K .W. hrs .

The Table also rhows the deficit in energy required to maintain a 150,000 H.P . Plant at a normal load factor of 50% .

Year

1023-24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1024-25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1925-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1920-27 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1027-28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1028-29 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1020-30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1930-31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1031-12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1032-33 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1033-34 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1034-35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1935-30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1930•37 . . . . . . . . . . . . . . . . . . ., . . .
1937-38 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1038-30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
103940 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1940-11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1041-12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1042 4 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1043-44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
19 44-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
194 5--I0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10 ,10-47 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
19 47-48 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Max. H .P .
per mont h

at 8070

90,200
87,0 40
87,780

140,520
178,100

09,220
69,360
03,980
62,400
04,700

52,700
63,010
53,770
,40, 360
51,770

51,450
51,600
24, Fi90
58,540
00,330

80,980
74,400
75,300
80,340
19 7L, 510

75,000
75,000
75,000
75,000
75,000

09,220
69,360
63,980
62,400
04,700

62,700
53,010
63,770
40,3fi0-
51,770

61,450
51,000
24,590
68,540
75,000

75,000
75,000
75,000
75,000
75,000

'l'otnls :ill .IC .1V . Iirs .for 25 years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Average for 25 years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total ,li.K.1V . III-s . for 14 ycnrs-(1928-29 to 1041-12) . . . . . . . . . . . . . . . . . .

Average for 14 dry years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

It is difficult to reconcile the above stste-
nletlts with the figures showll by Table B for
the individtlal years during 1 933-34 to 1940-
41 . In these years the available commercial
power varies from 300-3 M.K.W. Hrs . to as
low as 114-9 M.K .W. I-Irs. with an average,
for the wllole period 1928-2 9 to 1941-42, at
314-4 M.K.W. Ilrs. -'l'he differences cannot
be readily accounted for since the P .F.R.A.
generally agreed in total with the ttlnoullts
of water required for irrigation, seepage and
evfiporation,

plant
150,000 H .P .

489•4
489-4
489•4
489•4
480-4

460•0
452•5
417-5
407•2
422•2

313-0
349-8
350•8
302•5
337-8

335•7
330•7
160-4
372•0
489•4

489•4
489-4
489-4
489-4
489• 4

10,423-0

410-9

5,03J-0

355•9

Loss for
pum p in q

111 . I{ . 1Y . I f re .

45•5
45•5
45-5
45-5
45- 5

45-6
45•5
45•6
45•5
45- 6

45•5
45.5
45-6
45-5
45-5

45-6
45•5
45-5
45•6
45-5

45•5
45-6
45-5
45•6
45-5

1,137•6

45•5

037

45-5

21 7

Dal . for
cc :nrnercia l

uso
M.N .W. Iire .

neGoit for
150,000 1I .1' .

l'Innt.-
Ai .I{ .1Y . Ilrs .

443•0
443-0
443•9
443•0
443•9

405-1
407•0
372-0
301-7
370-7

38•8
30•9
71-9
82•2
07•2

298-4
304•3
305 -3
267•0
202-3

200-2
291-2
114-9
320•5
443-9

145-5
139•0
138.0
180•0
151• 0

153-7
152•7
329•0
117- 4

4-f3•0
443-9
443•0
443•0
443• 0

0,285 - 5

371- 4

4,402-0

314-4

1,812-0

72- 5

1,812-0

120- 4

Table B also shows the amount of aux-
iliary energy wllich would be required to
maintain a Plant Unit of 150,000 H.P. at 50
per cent load factor nnlounting to an average
of 129-4 M.K.W. Hrs. for the 14 dry years
and varying from 36 - 9 MAW. Hrs, to 329 - 0
M.K.W. Hrs. Excluding the very dry year
1940-41, the average requirement would
approximate 150 - 0 M .K.W. Hrs . To produce
this tlmotlnt of energy would require an
f1tlXilitll•y steam plant, or power from other
sources, of 46,000 H .P. at 50 per cent load
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factor to balance out, the ellergy that shuuld

be suppliecl by a Plant Ullit of 150,000 H .P .
capacity .

Efiect of Enlttrged Reservoi r

By changing the location of the proposeci
( latil in Ou' .lppelle Valley from the site at.
Elbow to the site at3rc1 -XIcricliall, the caha-
city of the reservoir is increased by 387,279
acre feet or its approximate equivalent-
G,1`?0 c .f .s.' mos. The Iuean area of the
reservoir is'increasecl by 16 ,9 7 5 acres .

'l'o make a conlllarisoll between the two
reservoirs, tables similar to Tables A and B
s}loulcl be «•oI'keCl out to ascertain the com-
mercial energy which could be obtained
from the smaller reservoir. Some gelleral
ohservations respecting the Illerits-of -the--
lart;er reservoir, however, may indicate the
need for a careful reconsideration of the
enl,irgecl reservoir .

Referring to Table A , iIl respect of
a va ilab le water for all purposes, the decrease
in average surface area for the smaller
reservoir of 16,975 acres at losses of 2- 5
feet per acre for seepage and- evaporation,
anlounts to 42,337 acre feet .-or its equivalent
average of approx imcctely 705 c .f .s . illos .
This gain from e vüpor titloll would improve
water supply for all years and be of particu-
lar benefit in the period of 14 dry years .

In respect of reservoir storage as shown
by Table A, (with' small adjustment) the
clecrease of storage capacity by 6 ,120 c.f .s .
mos. would have no effect on the available
supply for power in excess of 75,000 H .P .,
.,s shown by Table B, for the succeeding five
years as there is surplus water . supply in
this period . . The reserve storage ending

1928-29, however, Nvoulcl be reduced by
6,120 c.f .s . mos . leaving 38,040 c .f .s. mos . for
the subsequent dry years ending 1 931 when
an empty réservoir is shown by Table A .

In the subsequent tell years, 1 932 to 1941
inclusive, thepe -would be no loss in storage
reserve as the smaller reservoir would be
sufficient to store and regulate the inflow for
this pc;riocl and inciclelltally recover 7,050
c.f .s. nlos, gained by reduced evaporation .
Again in 1942-43 the reservoir reserve would
be clepletecl by 6 ,120 e .f .s. to 38,040 c .f .s . Inos.
which would affect the available supply
ending 1945 but would gain + ,v e(.ltteed
evaporntion .

The enlart;ed reservoir has the effect of
losii)g power lleacl for a. given volume of
inflow in dry years as the build-up in the
reservoir would be slower in a large reservoir
than it would be in a mlaller one .

From an economic stancipoint., the
enlarged reservoir requires more right-of-
way and the possibility, not clearly shown,
of decreasing irrigable land in the Qu'Appelle
Valley which may be covered by the larger
reservoir .

For the purpose of supplying water to
Regina and lToose Jaw-29,000 acre feet-
a clam may be required at the 3rd Meridian
to form a reservoir, but one of linlited size
would serve to make a reservoir sufficient
to nleet this requirement .

It is in these several respects that the
enlarged reservoir might be considered .

Red Deer River Project

Under the terms of reference P .C. 4435
dated 24th August ltli"i1 relative to the pro-
posed South Saskatchewan River Project,
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The South Snskatchelumr. R iLr,r Project

tho Coilllilissloll was requested to ascertain,
"«<hether the said project represents ttle'

most profitable and desirable use which can
be made of -'tile physical resources involved" .

This request has directed the attention
-of-the Commission to a former proposeel-pro-,
ject referred . to as the "William Pearce
Sclielne" initinted about 19 22, by which a
part Of the land,; in the proposed South
Saskatchewan River Project migllt be irri-
gated . In view of this possibility a review
has been made of the available data pertain-
ing to this early scheme and the subsequellt
plans and strvey; which have been made for
the Red Deer Project . It was thought to
be possible that the proposed South Sas-
katchewan River Project and the proposed
Red Deer Project might be joined to form
the most profitable and desirable use of the
physical resources involved .

Plans and Surveya .

Altogether, six plans and surveys hava
been luncte . A seventh survey is now under
way as an alternative ill some respects to
the original William Pearce Scheme . Three
of the surveys involved plans for using Sulli-
van Lake as a. reservoir and three to create
reservoirs by dykes at the sites of Craig and
Hamilton Lakes. These several plans and
surveys have been reviewed and may be
briefly described as follows :-

Diversioii of Water to Sullivan Lake

Plan 1, (William Pearce Sclleme), Under
this scheme water was proposed to be
diverted from the North Saskatchewan River
into the Clearwater River and the combined
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flow into the Red Deer Itiver, whence by
dam 175 feet high located on the Red. Deer
River in Section 4-38-25-4th, wzter tvould
be diverted by` canal 98 miles in length,
including alarge syphon across the Red Deer
River, into Sufliv;rn Lake. From Sullivan
Lake water would be distributed to lands ill
Alberta (present Red Deer Project) and
by way of Sounding Creek, canal and'natural
channels, to a proposed reservoir at Tramp-
ing Lake from which water would be deliv-
ered to lands in that part of the South Sask-
atchewan River Project «-est of the river .

The c?elivery of water could be extended
by sypllon to the east sicle of the river which,
1lo1VCVCr, w a s not contcnlplnted in the
original plans. The project was estimated
to supply water to a potential irrigable area
of 1,410,980 acres, or such part thereof as
might be found best suited to irrigation
within limits of available and economical
water supply .

Plan 2. As all altèrliative to the dam and
diversion in Section 4-38-25-4 as above, it
iNo:is planned to build a dam 90 feet high on
the Red Deer River below the mouth of
Ilavin River and by canal, surve,yed 94 miles
in length, to joili the canal 11 miles below
the point of diversion as per Plan 1, and
thence into Sullivan ~.,ake, total length 171-1-
miles .

Plan 3 . 'I'Iiis plan provided for a dam 185
feet lligll located in Section 10-38-22-4 to
create a reservoir in Red Deer Valley, Tail

Creek and Buffalo Lake with total capacity
of 1,000,000 to 1,500,000 acre feet, by which
a mean power llead of 140 feet could be
obtained to pump water, viz :

(a) Into the canal at a point enst of the
syphon as per Plan 1, during May to
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Chtober aç;ilitiGt a tnc-arr heürl of J-35
feet and tlac,'r,ce irrto Sul1i%• .'Iri Lake .

( h ) To traclc, winter power prc : .'Aucecl by a
flow of 300 c .f .s . for riparian rights at
the proposed (Jarn for 5uinrner
power fr•oln I3o«• River plants to prirnp
water in the jic~riocl 'May to October,
as per item (a) into Sullivan Lake .

'I'he following plans provided for use of
re ;;ervoirs at Craig and Hamilton Lakes .

Plan 4 . To transmit power as per item 3a
or 31) of Plan 3 about 30 , ; .i :-,, to a purnp site
at the east end of Buffalo Lake north of
Stettler and raise water 50 feet into a canal
70 miles in length for delivery of water into
('riiit; and Hamilton Lake reservoirs . This
plan eliminates Sullivan Lake and by reason
of elevation of the reservoirs, would not irri-
gate lands west of Berry Creek, unless fur-
ther pumping were to be clone to raise water
at►ainst a head of 90 feet into Lanes Lake as
an anxiliary reseri,oir or against a less heacl
for use of water direct from the canal at a
point below Federal .

Plan 5 . A gravity canal clivertecl from the
Red I)eer River west of Ardley t}retlce on
the west side of the river through Haynes
Creek Valley, thence iu•otnci the north shore
of Buffalo Lake and on to Craig and Ilirmil-
ton Lake Reservoirs .

Plan (i. A (latn about 175 feet high located
.)00 feet upstream from the railway bridge
3 miles north of Arclley . This dam would
create it reservoir in the Valley of the ][led
Deer River extending into Haynps Creek
Valley with capacity of about 300,000 acre
feet . The canal would be diverted from the
cirst sicle of the resem7oir in Haynes Creek
Valley thence along level t o rolling ground
to Tail Creek crossed by syphon, thence

castn•arcl through very broken country fol-
l~,«•ir~ g sloughs ancI depressions and ' },eirvy
cuts to a summit north of Stettler and thence
!-outh and east to reservoirs at Craig and
Hamilton I,akcs .

Choice of Plans =

A ny plan by which lands east of the pro-
posed Red Deer Project could be irrigated
req uires the u se of Sullivan Lake as a
reservoir, hence requires Plan 1, 2 or 3 .

A consid erable amount of üwestigation
has been macle of the available data rela-
tive to the clifferent plans . With respect to
the surveys for the original William Pearce
Scheme Plan 1, a great deal of the survey
data cannot be found and it is at present,
impossible to obtain a cornprehensive knowl-
edge of atc the works involved and present
estimates of cost .

Plan 2«•as largely of a reconnaissance
sru'vey. It was ahanclonecl in view of rough
country, many large structural requirements
and length of canal .

Referring to Plan 3, this involves rais-
ir i t; Buffalo Lake to a point to cause a great
deal of railway and high«•ay damage 'and
all w irter, irreluclin~; canal and reservoir
losre s, must. be lifted 13 5 feet to flow into
Sullivan Lake, Under this plan, with a
mean power head of 140 feet to pump water
135 feet, it would require as much water
for power as the quantity pinpeci, thereby
resultirig in i t loss of 50 per cent of the avail•
able water for irrigation . The only advantage
of using Buffalo Lake as a storage reservoir
would be in eliminating storage on the
North Saskatchewan, Clearwater and Red
Deer Rivers as may be required for Pit; i, ; .
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Tile- main canai would be shortened by
30 miles and an expensive syhhon across
the Red Deer River would not be require ► ' .

The iollowing information relates to Plans
4, 5 and 6 for use in irrigating lands in the
Red Deer Project .

Referring to plan (4), this pl-An eliminates
Sullivan Lake. It would require about 40 per
cent of the power needed for Plan 3a or 3b
and is . limited to use in the Red Deer
Project .

In reference to Plan 5, no details are
available but from comments obtained the
plan was not acceptable because of length
of canal line and property damage.

Plan 6, pending further investigation
at present under way, has been the last
recent plan for the proposed Red Deer
Project . It too has - objectionable and
expensive features which are probably more
than offset by the objectional features of
other plans, but appears on the basis of
surveys made to best meet the requiremellts
for the Red Deer Project .

It would not serve to irrigate lands
extending east into Saskatchewan .

Proposed New Hari

At the present time a new survey is tlllcler
way .

This plan is understood to revert back to
the use of Sullivan Lake as a reservoir, by
whatever method ►nny be best suited to get-
ting water into thnt, reservoir. and extend
eastward by canal other than by the Sound-
ing Creek location, as planned for the Wil-
liam Pearce Scheme, to irrigate an entirely
new area of land reported to be of better
general quality than the lands in the Red
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lleer . Projert . Thesc investigations are
i ►1colnplr.te. It is 11robahle that this plan
%votllcl be an alter ► Iative to the original
William Pearce Sclleme for irrigating lands
in Saskatchewan, anci may require Ilew sur-
veys to ohtain missing data in the original
plans for the William Pearce Scl ►enle, or
sollle alternative in plans for obtaining water
fronl the North Saskatchewan, Clearwater
and Red Deer Rivers for diversion into
Sullivan Lake.

Irrigable Lmi(11 1

A general revie%v has been Made of tile
records t)er`ttininc; to the irrigable lands in
the Red Deer Proj!ct.. Early esti :llates of
the irrigable amas in this Project were very
large. Later inî!)rTni«ion indicates an area
of appro.r•i ►na.tely 509 ,000 acres, but upon
conipleting topobrapliieal surveys and soil
tests, this area may be further reduced .
M uch of the land in the drainage area of
Berry Creek has been eroded and rough and
illclt►des inferior soils . The better lands are
represented to be in and around the marginal
areas of the drainage area but require water
to be pulnped to heights of 35, 60 and 90
feet. Including all areas in the Red Deer
Project, it is possible that the maximum area
of irrigable land of fair quality would not
exceed 300,000 acres .

Pending a very material improvement in
farln values, an important economic ques-
tion arises as to pumping Wttter in, excess of
60 feet, and then only if auxiliary reservoirs
are available to supply the very irregular
direct demands for irrigation, This condi-
tion applies to a large area, in the proposed

Red Deer Project and also in` the South
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Saskatchewan River Project . - This may

._.tvarrant,-for the time being, a considerabl e
reduction in the area proposed to be irrigated
in both of the projects pending the outcome
of farming developments as well as the 'avail-
ability of water supply .

~- Vi't~tër Suppl y

Water supply from the Red Deer and
Clearwater Rivers has been reviewed and an
extensive compilation of records made to
ascertain the probable available supply
which would be of use to the Red Deer Pro-
ject. Records for the Red Deer River are

gable by waters of the Red- Deer and Clear-

water Rivers . Any additional area extend-
ing to thc South Saskatchewan River Pro-
ject, for which present. surveys now under

way may apply; would require diversion of
water from the North Saskatchewan River as
planned in the original William Pearce
scheme about which, as stated, inuch data i s

missing
. In these various circumstances of incom-

pleted plans and data, it at present appears
that no definite report can be made relative
to the possibility of tising- waters from the
North Saskatchewan, Clearwater and Red
Deer Rivers as an alternative to the plans
for irrigating lands in the South Saskatch-
eNvan River Project'froni the Coteau Creek
Dain.

It is'assuined that the primary objective
desired for the physical resources involved ,

--be-, made -for--the Clearwater-R iver, t~s -- ---- -1.s--tlie__usesf-__the_.liinited-quantities__of

result of these compilations it is estimated
that an approximate average of 1,200,000
acre feet per year, subject to reservoir control
and regulation of flow, wôuld be available
to -a canal for diversion during the months
May to October for use in the Red Deer
Project. The losses of water by seepage and
evaporation would vary with length of canal
and reservoir facilities used according t o

- plans. acloptedï--- _

. For luurposes of a rough analysis an esti-
mate of three acre-feet per acre to supply
irrigation and losses would provide for the
irrigation of 400,000 acres of land . If the

water in excess of the needs for the Red Deer
Project were to be used to irrit;ate lands east
of the Red Deer Project, further losses would
occur so that taken together a total of say
350,000 acres may be the limit of area irri-

relatively complete for the period 1912 to
1950, a~,d for the Clearwater - River fru.a

1914 to 1030 and again for the period 1945
to 1 950 . For a period of 14 dry years, 1928-
29 to 1941-42 inclusive, interpolations had to

water, which can be economically
available, to irrigate land wit h
-inciciental feature . Power

made
power as an

obtained

at points which would not affect irrigation :
or by steain plants using the large resources
of coal, oil or gas which occur in abundance
in Alberta and Saskatchewan .

In 'several respects, as related to the
physical aspects pertaining t o the two pro-
jects,- the following features warrant specific
considerat ion: -

(a) The advisability of attemptiiig to
irrigate land requiring a pump lift
in excess of 60 feet and then pref-
erably if water can be pumped into
an auxiliary reservoir to supply the
irregular -demands for irrigation. This
would apply to an areà ' of 78,G00
acres in the South Saskatehewan'
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River Project for which water is

required to be pumped 120 feet, and

to areas requiring a 50 foot lift if

auxiliaiy reservoirs are not available .

It also applies to areas in the Red

Deer Project where it large area of

the better land requires watcr ~ ;) be

pumped 90 feet . These are subject

to future developments in farm

values .

(b) - The power potential for commercial

use in the South Saskatchewan River

Project for the period of 14 consecu-

tive dry years in relation to the out-

put from a plant capacity of 150,000

H.P., and the amount of auxiliary

power needed to sustaiii a plant o f

(o)

this sizé. -

The advisability . of enlarging the
reservoir by dan' in the Qu'Appelle

223

Valley at. the 3rd Meridian as com-
pared with-the potential lwweravaii-
able with a dam at Elbôw .

(d) The possible use of waters from th e

(f)

North Saskatchewan, Clearwater and
Red Deer . Rivers for , Joint use in

Alberta and Saskatchewan which may

be conditional upon surveys now

under way and at present indefinite
a s, to areas of . land and works
involved. -

The potential pôssibility .. of tising .
waters tributary to the reservoir at
Outlook on lands in Alberta by exten-
sions of existing schemes excepting
for the advisability, if ecônomicàlly
possible, of aiding in the developmen t
of laiids in -Saskatchewan for national

reasons. -

(g) The total estimated costs in relation

to the-benefits to be obtained .
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CHAPTER 7

An Estimate of Cost

Mannix Ltd. Report on South Saskatchewan River Project

August 11, 1952
The 'Royal Cominl8sion on

The South .9askatchewan River
Development ,
Ottawa, Canada

Gentlemen :
Re : South Saskatchewan River Develop-

men t
Follow_ng the .-request of the Commission-

ers on April 4, 1952, Mannix are pleased to
submit herewith our estimate of cost on the
reservoir . works of the South Saskatchewan
River . Project which is represented in the
attached schedules .

The estimate is based o.i the'report and
drawings supplied by the P .F.R.A . and
covers the following items :

1 . The Main Dam across the South Sask-
atchewan River, including the cost of
unwatering, cofferdam structures and care of
the river .

2. The col,struction of ~iecessary spillway

and outlet fâcilities at the Main Dani .

3. The Saddle Darn located in the
--- Ru'Appelle-V-alley--near-t-he-third-ineridian,

and referred to as the "Third Meridian"

Dam, _

4. The dam across Coteau Creek .
5. The Powerhouse and auxiliary struc-

tures .
6. Highway and railway relocation, and a

high fill across Aiktow Creek and rF-ferred to
as Elbow Railway Crossing .

7. Services and - General Plant oaeration .
8. Land damage and acquisition .
9. Contractor's General Expense .
10. Allowance for Contractor's contin-

.gencies .
11 . Escalation. of wages and materials .
12. Engineering .

13 . Interest during construction ..
14 . Contractor's profit. -

The estimate does not include :

1 . Irrigation structures, outlets or dis-
tribution system.

2 . Contingencies for changes in design or
over-run in quantities .

In the preparation of this estimate, MaIl-
nix. Ltd. have avÀiled themselves of_ the
experience - and '- professional knowledge of
the following companies : .

(1-)-Morl'2so
n International Engineering Co ., Inc. ; (3 )

Caterpillar Tractor ; (4) Bücyrus-Erie ; (5)
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Euclid ; (G) John W . Stang Corp ; (7) Noble
A-Ianufacturing Co . ; (8) I3o Nvclinsoil \-ltlliu-
fllcturing Co .

Mannix Ltd . believes this to be an accurate
and colnprehensive estimate of the project
} msed on the information a t lirtlicl. -

All of tivhich is respectfully submitted .

Yours very truly,

MANNIX LTD .
William T . Pyot.t
Chief En gineer

General Summary

Item Description Cost

100 Diversion, Care of River, and Un-
watering work'ng places . . . . . . . . . . 3 2,821,000

200 Ma ; .i Daru . . . . . . . . . . . . . . . . . . . . . . 19 , 971, 230
300 Con(10t- and Intake . . . . . . . . . . . . . . . 25,179 ,005
400 Powerh,)use Area . . . . . . . . . . . . . . . . . 2,054,(i05
450 Powerh:)use and Switchyard . . . . . . . . 16,354,350
500 -Spillwa;r . . . . . . . . . . . . . . . . . . . . . . . . . 10,087,400
600 Coteau Creek Dam . . . . . . . . . . . . . . . . 1, 630,335
700 Thirc! illeridiin Dam . . . . . . . . . . . . . . 4,721,650
800 Llbow Railway Crossing . . . . . . . . . . . 5,242,255
900 Railway Relocation . . . . . . . . . . . . . . . . 2,857, 690

1000 Cement . . . . . . . . . : . . . . . . . . . . . . . 8,368,665
1100 Operators Village . . . . . .. . . . . . . . . . . . . . . . ._300,000 .
- Road Relocation and Bridges . . . . . . . 3,000,000
- Miscellaneous Service and General

Plant Operation . . . . . . . . . .

.

. . . . . . . . 5,157, 900
- Land Damage and Acquisition . . . . . . . G00,000
- Contractor's General Lxpense . . . . . . . 12,301,400
- Allowance for Contractor's Contin- -

gencies . . . . . . . . . . . . . . . . . . . . . . . . . 4,000,000
-- Escalation of wages and materinls . . . . 10,000,000
- Engineering . . . . . . . . . . . . . . . . . . . . . . . 8,000,000
- Interest during Construction . . . . . . . . 6 ,125,000
- C.%ontractors' Overhead and Profit . . . . 15,000,000

Item
No. Item

200 MAIN DAM

1 .0 Clear and Grub

Quantit y

Total . . . . . . . . . . . . . . . . . . . .g 1G3,772,575

100 .DIVERSIO N AND CARE
. OF RIVER

1 .0 COFFERDAMS
. 1 Sheet Pile Cofi'erdiim . . . . . . . . I..S .
.2 Pumping . . . . . . . . . . . . . . . . . L.S .
.3 Mise. Cofï'erdam and Dikes . . .

_-4-Bri~lga .-: - . . . . . . . . . . . -. .
.5 Rock fill . . . . . . . . . . . . . . . . . . . 30 ,000 cy

2 .0 Wellpoints and De-watering . . . L.S .

.1 Right Abutment . . . . . . . . . . . . 150 A.

.2 Left Abutment. . . . . . . . . . . . . . . . 200 A .

.3 Borrow Pits . . . . . . . . . . . . . . . . - A.

.4 Structure sites . . . . . . . . . . . . . . - A.

2 .0 Strip and ti5'rst e
.1 Right Abutment . . . . . . . . . . . . 158,000 cy
.2 Left Abutment . . . . . . . . . . . . . . 292,000 cy
.3 Plateau Section . . . . . . . . . . . . . 33,000 cy
.4 Borrow Areas . . . . . . . . . . . . . . 535,000 cy

3 .0 Exc. Impervious and_Haul_to_ _
h:mh .

1 Right Abutment . . . . . . . . . . . . 2,255,000 cy
.2 Left Abutment . . . . . . . . . . . . . . 672,000 cy
.3 Left Abutment Trim . . . . . . . . . 843,000 cy
.4 Plateau Section . . . . . . . . . . . . . G08,000 cy
.5 Borrow Areas . . . . . . . . . . . . . . .15,(314,000 cy

4 .0 Exe. Pervious and Haul to
Lmb ,

1 Right Abutment . . . . . . .. . . . . . 607,000 cy
.2 Left Abutment . . . . . . . . . . . . . . 046,000 cy
.3 Left Abutment Trim . . . . . . . . 5,473,000 ey
.4 Plateau Section . . . . . . . . . . . . . 879 ,000 cy
.5 Borrow Areas. . . . . . . . . . . . . . . . 4,219,000 cy

5 .0 Exc. Shale for Cutoff and
1Vaste

1 Right Abutment . . . . . . . . . . . . 63,000 cy
.2 Left Abutment . . . . . . . . . . . . . 22,000 cy
.3 Plateau Section . . . . . . . . . . . . . 28,000 cy
.4 Left Abutment Trini . . . . . . . . 32,000 ey

6.0 Fxc: Common-Too Drains
---1-Right-Abutment .-. .- . . . . . . . . . 142;000 cy

.2 Left Abutment . . . . . . . . . . . . . . 90,000 oy
7 .0 Exc :Common-iurface Ditch 18,00ü iy



An Estimate of Cost 229

200

Item -
No. . Item Quantity

8 .0 Foundation Preparation-
Exposed Shal o

.1 Right Abutment . . . . . . . . . . . . 231, 000 SY

.2 Left Abutment . . . . . . . . . . . . . . 149,000 SY

.3 Plateau Section . . . . . . . . . . . . . 14,000 SY
9 .0 Place and Compact Impervious

.1

.2

.3

.4

. 5

10 . 0

.1

.2

.3

.4

11 .0

12 .0

Fill in Dam
Right Abutment . . . . . . . . . . . . 5,08G,000
Left Abutment . . . . . . . . . . . . . . 6,617,000
Closure Section . . . . . . . . . . . . . 4,805,000
Plateau Section . . . . . . . . . . . . . 889,000
Upstream Blanket . . . . . . . . . . . 1,771,000
Place and Compact Perviou s

Fill in Dam
Right Abutment . . . . . . . . . . . . 4,008,000

Left Abutment . . . . . . . . . . . . . . 7,120,000

Closure Section . . . . . . . . . . 5,590,000

Plateau Section . . . . . . . . . . . . . 470,000
Place only Gravel in Too Drain

Trench . . . . . . . . . . . . . . . . . . .
Place only Selected Pervious

Fill in D.S. Filters and Toe
Drain

29,000

cy

cy

cy
cy

cy

cy

cy
cy

cy

cy

.1 Right Abutmei :t . . . . . . . . . . . . 428,000 cy

.2 Left Abutment . . . . . . . . . . . . . . 325,000 cy
13 .0 Place only Gravel Filter unde r

14 .0
Riprap . . . . . . . . . . . . . . . . . . 200P 00 0- hŸ

Furnish and Place Riprap .on
Face of Da m

. ! Upstream Face . . . . . . . . . . . . . . 241,000 cy

.2 Downstream Face . . . . . . . . . . . 58,000 cy
15 .0 Furnish and Install Perforate d

Vit . Clay Pipe in Too Drain s
. 1 12" Ditimeter . . . . . : . . . . . . . . . 3 , 000 l .f .
.2 15" Diameter . . . . . . . . . . . . . . . 3,000 l .f .

. 3 18" Diameter . . . . . . . . . . . . . . . 2,700 U .

16 .0 Furnish and Install 18" Dia-

17 .0

18 . 0

19 .0

meter R.C. Pipe Outfall
Drains with Cemented Joints

Furnish and Install Piezo-
meter Tips and Tubing . . . . .

Furnish and Install Piezometer
Wells and Ghges . . . . . . . . . .

Furnish and Install Settlement
G zw ges . . . . . . . . . . . . . . . . . .

20 .0 Additional Water for Com-
paction . . . . . . . . . . . . . . . . . . .

1,000 l .f .

L.S .

3,870 Mil . G .

Item
No. Item

300 CONDUITS AND INTAKE
Quantity

1 . 0 Strip and tiVaste . . . . . . . . . . . . . 54,000 cy
2.0 Excavation-Impervious an d

Haul to Embr.nkment . . . . . . 396,000 cy
3.0 Excavation -Pervious and

Haul to Embankment . . . . . . 586,000 cy
4 .0 Excavation Shale and Haul t o

Waete . . . . . . . . . . . . . . . . . . . t1G5 , 000 cy.
5 .0 Foundation cleanup-Include d

in cone .
6.0 Concrete

I Class A in Intake Structure
abôve 1?l . 1670 . . . . . . . . . . . . 39,885 cy

.2 Class 13 in Intake Structure
below El . 1670 . . . . . . . . . . . . 25,770 cy

.3 Class B in Intake .Porta l
SSrueture . . . . . . . . . . . . . . . . . G,7$5 cy

.4 Class 11 in Intake Approach

Channel Paving . . . . . . . . . . . 18,640 cy
.5 Class B in Plate-lined Tw o

Cell Blocks . . . . . . . . . . . . . . . 407,060 cy
.6 Class 13 in Plate-lined On e

Cell Block . . . . . . . . . . . . . . . . 6,070 cy
.7 Clas.9 13 in Plate-lined Onc-

Cell Block . . . . . . . . . . . . . . . . 14,135 cy
.8 Class C Concrete Fill . . . . . . . . . 106,200 cy

7,0 ReinforçingSteel . . . . . . .
1 Class A Concrete . . . . . . . . . . . .4,400,000 lb

.2 Class B Concrete . . . . . . . . . . . . 39,448,000 lb
8 .0 Longitudinal Water Stops i n

Conduit . . . . . . . . . . . . . . . . . . 38,400 11)

9 .0 Transverse Water Stops i n
Conduit . . . . . . . . . . . . . . . . . . 15,100 lb

10 .0 0" Plastic Joint between Con-
duit Blocks . . . . . . . . . . . . . . . 255,000 S.F.

11 .0 Conduit Liner-1%" Stee l
Plate . . . . . . . . . . . . . . . . . . . .33,000,000 11)

12 .0 Intake Tower Access (Re-
placed by Access Tunnel)
(See Item 22 )

13 .0 Intake Gates

1 Gates(16) . . . . . . . . . . . . . . . . . . 1,280,000 lb

.2 Guides (16) . . . . . . . . . . . . . . . . . 288,000 lb

.3 Iioistst(16) . . . . . . . . . . . . . . . 960,000 lb

14 .0 Concrete Conduit Plugs . . . . . . 3,500 cy
15 .0 Trash Racks

.1 Racks . . . . . . . . . . . . . . . . . . . . . . 300,000 11)
--;2--- Embedded 75 ;000--1h--
.3 Gantry . . . . . . . . . . . . . . . . . . . . 16,000 l b

21 .0 Construction Bridge _' .__. Deleted
22 .0 Dredge Fill to El . 1646 . . . : . . 2,145,000 cy
23 .0 Access and Haul Road s
24 .0 Snow Removal 16 .0 Miscellaneous Metal . . . . . . . . . 100,000 lb
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Item
7~TO .

1 ~390,
Item Quantity

17 .0 Electrical System . . . . . . . . . . . . . L.S .
18 .0 1Tisa. Dlechnnicnl . . . . . . . . . . . L.S.
19 .0 Water I,evel Recorder . . . . . . . L.S .
20.0 Formed Vents -Forms Only . . 36,000 s .f.
21 .0 Acce.m, to Intake Towe r

.1 bnss A Concrete . . . . . . . . . . . . 5,G70 cy

.2 Reinforcing Steel . . . . . . . . . . . . 366,000,11)
22 .0 I:lèvntor slrnft, to Intake

Control Tower
1 Class A Concrete . . . . . . . . . . . . 1,185 cy

.2 Reinforcing Steel . . . . . . . . . . . . 124 , 215 lb
23 .0 Elevator to Int ake Control

Tower . . . . . . . . . . . . . . . . . . . L.S .
24 .0 Ladder-Including Landings 2001.f .

We do not ktlow «•ltat type of articulated
joints W ill be used betweeli major structures
founded on sliale or eartll foundation, and
have only made an allowance for conven-
tional «•ater stops of copper, steel, and
rubber .

Item
No . It~ tn

400- -- -PO1VïRIiOUBli-ARliA--

1 .t) Excavation

Quantit y

.1 Stripping . . . . . . . . . . . . . . . . . . . 7 , 000 cy

.2 I?xc. clay or snn d . . . . . . . . . . . . 61 ,000 cy

.3 I,xc.shnle . . . . . . . . . . . . . . . . . . 248,000 cy
2 .0 Foundation Seepage Protec-

tion . . . . . . . . . . . . . . . . . . . .. . . L.S.

3 .0 Drain Tile

1 Furnish and Install IIa!f Roun d
6" Dinm . . . . . . . . . . . . . . . . . 2,300 l .f.

.2 Furnish and Instnll Half Roun d
8" Diam . . . . . . . . . . . . . .. 990 l .f .

.3 Furnish and Install Half Roun d
12" D inm . . . . . . . . . . . . . . . . . J00 1 .f .

4 .0 Class A Concrete Stilling Basi n
Wnlls . . . . . . . . . . . . . . . . . . . . 40,200 cy

5 .0 Class 13 Concret e
.1 Surge Tank B a s e . . . . . . . . . 4,800 cy
.2 Pavement 1 foot thick . . . . . . . 6 ,400 cy
.3 Pavement 3 feet thick . . . . . . . 9,500 cy

6 .0 Reinforcing steel . . . . . . . . . . . . 2, 900,000 lb
---7 9 -Steel--Surgc-Tank . . .- .-- ---1,755,000 lb

8 .0 «'ye Branches-Steel . . . . . . . . 1,200,000 lb
9 .0 13nckfill-Upstrenm P .I-I . . . . . . 37)400 cy

We c10 not kllow 10hat type of artieulatecl
joints w ill be used between major structures
fotlllclecl on shale or earth fowlclations, and
have ollly made an allowance for conven-
tional water stops of copper, steel, and
rubber .

Item
1o. Item

450 M'; E13IIOUSP;

1 .0 Class A Concrete

Quantity -

.1 Super Structure . . . . . . . . . . . . . 4,700 cy

.2 Transformer Deck and Slab . . . 550 cy
2 .0 Class B Concret e

.1 Substructure . . . . . . . . . . . . . . . . 41,000 cy
.2 Switcliynrd Foundntions . . . . . . 200 cy
.3 Curl :,, Gutters and 114isc . . . . . ô00 cy

3 .0 Reinforcing Steel . . . . . . . . . . . . 1,80G,000 lb
4 .0 Copper Water Stops . . . . . . . . 12-,800 lb
5 .0 Structural Steel in Supe r

Structure . . . . . . . . . . . . . . . . . 1,430,000 11)
6 .0 Structurai Steel in Switch-

ynrd . . . . . . . . . . . . . . . . . . . . . 685,000 lb
7 .0 Mise. Embedded 111etnl . . . . . . . 10,000 ]b
8 .0 Roofing artd Flnshing . . . . . . . . . 31,000 Ib
9 .0 Partition Walls-8" Hollo w

Tile . . . : . . . . . . . . . . . . . . . . 8, 000 s .f.
--10 :0 --Concrete-Floor-Finish-1~'t . _---4;600-ry-

11 .0 Checkered Steel Floor Plates . , 16,000 lb
12 .0 Steel Floor Gratings . . . . . . . . . 12,000 lb
13 .0 Alise . Architectural

I Aluminum Angles for Con-
traction Joints . . . . . . . . . . 500 lb

.2 Abrasive Metal Stair'I'reads . . q,000 lb

.3 Metal Hnndrnils . . . . . . . . . . . 10,000 lb

.4 Metal Doors, Frames, Sash ,
Louvres, Ii,irdwnre . . . . . . . . 1, 500 s.f .

.5 Glass and Glnzing . . . . . . . . . 5,t100 S . f .

.6 Painting Concrete Surfaces . . . 800 By

.7 Painting Interior Metalwork
and Equipment . . . . . . . . . . . L.S .

.8 Painting Exterior Metniwor k
1111 {1 Lquipnretit . . . . . . . . . . . L.S .

.9 Painting Submerged Meta l
Surfaces . . . . . . . . . . . . . . . . . . 800,000 '- .f .

- .10 Painting Contraction Joints . . . 500 sy
-14 . 0

- .1 Lxe. Switchyard-Unel . . . . . . . 50,000 cy
.2 Cable Tunnel ._. . .. .-. . . .- . .-. . . .

15 .0 Gravel Surf . S«•itchynrd . . . . . . 10,000 cy
16 .0 Lnndscapirrg . . . . . . . . . . . . . . . . . L S .
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Itern
No .

450
Item Qunntity

17 .0 Electrical Equipment
1 Main Generators, 30,000 KVA

80% PF . . . . . . . . . . . . . . . . . . 6 ea
.2 House Turbo-Generntors ,

4,000 KW . . . . . . . . . . . . . . . . 2 ea
. .3 Elec. Stand-by Unit Diesel-

200 K1V . . . . . . . . . .
---

1 en
.4 Rotor Erection Pedestnl . . . . . . 3,600 lb
.5 Main Transformers-Sing . Ph. 19 en
.6 Aux. Trnnsforrner . . . . . . . . . . . 7 ea
.7 Oil Circuit Breakeis . . . . . . . . . 14 en
. 8 Main Switchgenr . . . . . . . . . . . . L.S .
. 9 Conduit . . . . . . . . . . . . . . . . . . . . L.S .
. 10 Power and Control Wiring . . . . L.S.
. 11 Power Centres . . . . . . . . . . . . . . L.S.
. 12 Cable Trnys . . . . . . . . . . . . . . . . 11.8 .
.13 Unit Control Boards . . . . . . . . . 6 ea

- . 14 Station Serv. Control Boards . L.S .
.15 Lighting System . . . . . . . . . . . . L.S.
. 16 Grounding System . . . . . . . . . . . L.S.
. 17 Telephone System . . . . . . . . . . . L.S.
. 18 Carrier Current System . . . . . . L.S.
. 19 Shop Equipment . . . . . . . . . . . . L.S.
. 20 Metering Equipment . . . . . . . . L.S.

19.0 Mechanic Equipment
.1 Hydraulic Turbines and Gover-

-------
.2 Powerhouse Bridge Crane-

«'e do im+,, know what type of articulated
joints will be used behween major stru ctures
foulldetl ou sliale or earth follndations, and
have only made an a llowmnce for conwen-
tiona l Nvater stops of copper, steel, and
rubber.

Item
No . Item Quantity

500 SPILLWAY

1 .0 Clear and Grub . . . . . . . . . . . . . 22 AC
2 .0 Strip and Wnste . . . . . . . . . . . . . 246,000 cy
3 .0 Excavation . . . . . . . . . . . . . . . . .

.1 Pervious--Common . . . . . . . . . 6,225,000 cy
. . I l Pervious-Aggregntes . . . . . . . . 2,000 .000 cy

.2 Impervious . . . . . . . . . . . . . . . . . 1,457,000 cy

. 3 Ûhnle to waqte . . . . . . . . . . . . . . 1,998,000 cy

.4 Structurnl-Clny . . . . . . . . . . . . 12,000 cy

.5 Structurnl-Shale . . . . . . . . . . . . 2,000 cy

.6 Foundation Preparntion . . . . . . 15,500 cy
4 .0 Fill . . . . . . . . . . . . . . . . . . . . . . . .

.1 Place only Pervious Fill . . . . . . 817,000 cy

.2 Place only Impervious Fil l
- behind Chute «'nlls . . . . . . . . 50,200 cy

.3 Place only Impervious Fi1l i n
Cut-off Trenc}r . . . . . . . . . . . . 383,000 cy

.4 Place only Pervious Fill for
I:ondwny-Rridge Ah,atments-- _45,100 cy . _

.5 Place only Graded Gravel for
Filter Drains . . . . . . . . . . . . . 21,700 cyCal) . 275 T : . . . . . . . . . . . . . . 1 en

.3 Butterfly Valves . . . . . . . . . . . . 1,200,000 Ib

.4 Draft Tube Gate Guides . . . . . 130,000 lb

.5 I) rnf t Tube G ntes . . . . . . . . . . . 74 , 000 lb

.0 Draft Tube Gnntry--20 T . . . . 15,000 11)

.7 Machine Shap Eqnipment . .

.8 Drnfnnge and Unwaterin g
System . . . . . . . . . . . . . . . . . . . L.S.

.9 Oil System . . . . . . . . . . . . . . . . . L.S .
.10 Comp. Air System . . . . . . . . . . . L.S .
.11 CO2 System . . . . . . . . . . . . . . . . L.S.
.12 Raw Water System . . . . . . . . . . ° L.S .
.13 Treated Water System . .

.
. . . . . L.S .

.14 Ilenting System . . . . . . . . . . . . . L.S .

.1 5 Ventilating System and Ai r
Conditioning . . . . . . . . . . . . . . L.S.

.16 Tail-water Gauge and Appur-
L.S.tennnces . . . . . . . . . . . . . . .

.17 Piezontete_r Pihing . . . . .. . . . . . . . L.S .

18 Plumbing and Sanitation Faci-
lities . . . . . . . . . . . . . . . . . . . . . L.S.

5 .0 Pump and Unwater Workin g
Arens . . . . . . . . . . . . . . . . . . . . L.S .

6 .0 Riprnp ü. Stilling Bnsin . . . . . . . 8,000 cy
7 .0 Supply and Place Top Soil . . . . -18,300 cy

8 .0 Supply and Place I'erfornted '
Vit . Clay Pipe . . . . . . . . . . . . .

1 6" Dinmeter . . . . . . . . . . . . . . . . 24,400 l .f .

.2 12" Diameter . . . . . . . . . . . . . . . 26,400 l .f .

9 .0 Supply and Place 12" Concrete
Pipe . . . . . . . . . . . . . . . . . . . . . 100 t.f .

i0 .0 Class A Concrete . . . . . . . . . . . .
1 Front Cut-off «'nlls . . . . . . . . . 445 uy

.2 W ing «'nlls . . . . . . . . . . . . . . . . . 23,500 cy.

.3 Wall s, at I'iers . . . . . . . . . . . . . . . 4,700 cy

.4 Chute Wnlls . . . . . . . . . . . . . . 20, 680 cy

.5 Stilling Basin Walls and W ings 36,250 cy

.6 BridgesBridges . . . . . . . . . . . . . . . . . . . . 7,250 cy

.7 Concrete Block Out . . . . . . . . . 90 cy
--

.8 Manholes and Cntchbasins . . . 165 cy

.9 Concrete Backfill . . . . . . . . . . . . 2,510 cy
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Item
No. Item Quantity

500
11 .0

.1
2

.3
.4

. 5
12 .0
13 .0

- .1
.2

. 3
14 .0

15 .0

16,0
17 .0
18 . 0

.1

.2

. 4

19 .0
.1

. 2
20 . 0

21 .0
22,0

23;0

24 .0
25 .0

Class B Concrete . . . . . . . . . . . .
Approach Slab . . . . . . . . . . . . . . 4 , 000 cy
Crest . . . . . . . . . . . . . . . . . . . . . . 10,300 cy
Piers . . . . . . . . . . . . . . . . . . . . . . . 12,555 cy
Chute Floors . . : . . . . . . . . . . . . 71,310 cy
Stilling Basin Floôr . . . . . . . . . . 47,530 cy
Reinforcing Steel . . . . . . . . . . . . 11,428,400 11 )
Water Stops . . . . . . . . . . . . . . . .
Cooper-12" . . . . . . . . . . . . . . . . 45,040 lb

Structural Steel-Hiway

Stainless S t e e l - 1 2 3,630 lb
Rubber . . . . . . . . . . . . . . . . . . . . 660 If .
Expansion Joint-1/8" Mastic 131,930 Ff
Staff Gauge . . . . . . . . . . . . . . . . .
rtisc . Metal Work . . . . . . . . . . . 692,930 lb
CastIron . . . . . . . . . . . . . . . . . . 11,000 lb
Tainter Gates . . . . . . . . . . . . . . .
11 Gates . . . . . . . . . . . . . . . . . . . 80.6,400 lb
Guides . . . . . . . . . . . . . . . . . . . . . 67,000 lb
Iloists . . . . . . . . . . . . . . . . . . . . . 11 ea
Anchors . . . . . . . . . . . . . . . . . . . . 250,000 lb
Emergency Gate . . . . . . . . . . .
Stop Logfi . . . . . . . . . . . . . . . . . . 98,000 lb
Stop Log Guides . . . . . . . . . . . . 31,700 lb

Bridge . . . . . . . . . . . . . . . . . . . 1,189,000 lb
Rocker Assembly-Cast Steel . 105,600 lb
Hand Rail . . . . . . . . . . . . . . . . . . 800 l .f .
Bubbler System . .- . L.S .
Foundation Piezometers . . . . . . L.S .
Electrical . . . . . . . . . . . . . . . . . . . L.S .

26 .0 Control Building . . . . . . . . . . . . L.S .

We do not know what type of articulate d
joints will be used between major struettires
fottnded on shale or eartll foundations, and
have only made an allowance for conven-
tional water stops of copper, steel, and
rubber

. Item
No. Iteni

600 COTEAU CREEK DA M
1 .0 Strip and «'aste

Quantit y

.1 Dani Foundation . . . . . . . . . . . . 62,000 cy

.2 Borrow Areas . . . . . . . . . . . . . . . 24,000 cy
2 .0 Excavation 'Impervious *and

Haul to I:mbankment . . . . .
.1 Dam Foundation . . . . . . . . . . . . 91,000 cy
.2 Borrow Area . . . . . . . . . . . . . . . . 613,000 cy

Item
No. Item Quantity

600
3 .0 Excavation Pervious in Dam

Foundation and Haul to
Fmbankment . . . . . . . . . . . . . . 822,000 cy

4 .0 Excavation-Shale in Dam
Foundation and. Hau1 to
Waste . . . . . . . . . . . . . . . . . . . . 21,000 cy

5 .0 Foundation Preparai;on of ex-
posed shale . . . . . . . . . .

.
. . . . . 5,300 cy

6 .0 Common Escavation for To e
Drain and Haul to Embank-
ment or waste . . . . . . . . . . . . 1,000 cy

7 .0 Place and Compact Impervious
Fillin Dam . . . . . . . . . . . . . . . 1,708,000

8 .0 Place and Compact Previous
cy

Fill in Dam . . . . . . . . . . . . . . . 1,498,000 cy
9 .0 Furnish additional water for

Compacting Fill . . . . . . . . . . .
10.0 Furnish and Place Gravel in

Toe Drain Trénch . . . . . . . . .
11 .0 Place Select Pervious Fill i n

Downstream Filter Blanke t
-- --and Toe Drain . . . . . . . . . . . .

12 .0 Furnish and Plncë-Riprap-on
Upstream face to Dam . . . . .

13 .0 Furnish and Place Gravel
Filter Under Riprap . . . . . . . .

14 .0 Furnish and Install Perforated
Vit . Clay Pipe in Too Drain

.1 9" Diameter . . . . . . . . . . . . . . . .

.2 12" Diameter . . . . . . . . . . . . . . .
15 .0 Diversion and Care of Creek . . .

338 117i1 . G .

1,100 cy

60,500 cy .

66,000 cy

33,000 cy

2,200 l .f .
2,000 l .f .
L.S .

700 THIRD MERIDIAM DA M

1 .0 Ciear and Grub . . . . . . . . . . . . . None
2 .0 Strip and tiVaste . . . . . . . . . . . . .

.1 Dam Foundation . . . . . . . . . . : . 177,000 cy

.2 Borrow Areas . . . . . . . . . . . . . . . 165,000 cy
3 .0 Common Exc. Dam Cut-off

and Haul to Embankment o r
«'aste . . . . . . . . . . . . . . . . . . . 160,000 cy

4 .0 Common F.xc . for Upstream
Blanket and Haul to Em-
bankment or Waste . . . . . . . . 150,000 cy

5 .0 Common Exe . for Toe Drai n
and Haul to Embankmen t
orlVaste . . . . . . . . . . . . . . . . . 2,000 cy

6 .0 Excavate Impervious and
Haul to Embnnkment . . . . . . 0,364,000 cy

7 .0 Excavate Pervious and Haul
to Fmbankment . . . . . . . . . . . 1,567,000 cy
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Item
No. Item Qunntity

700
8 .0 Place and Compact Impervious

F,mbaukment . . . . . . . . . . . . .
1 Core of D :rni . . . . . . . . . . . . . . . . 5,404,000 cy

.2 Upstreani Blnnket . . . . . . . . .
.

. . 062,000 cy
9 .0 Place and Compact Pervious --

Emb:unknient . . . . . . . . . . . . . . 1 , 507,000 cy
10 .0 Furnish Additional Water fo r

Compacting Fill . . . . . . . . . . . 41 7 'Mil. G .
11 .0 Furnish and Place Riprap o n

Upstream Face of I)ani . . . . . 119,000 cy
12 .0 Furnish and "'lace Grave l

Filter under Riprap . . . . . . . . 60,000 cy
13 .0 Furnish and Place Select Per-

vious Blanket under pown-
stream I'ervious Zone o f
Dam . . . . . . . . . . . . . . . . . . . . . 56 . 000 ey

14 .0 Furnish and Place Gravel i n
Toe Drain Trench . . . . . . . . . 1, 5(I ) cy

15 .0 Furnish and Place Perforate d
Vit . Clay Pipe in Toe Drain .

.1 12" Dinmeter . . . . . . . . . . . . . . 1,800 If

--- - --:2- 15" Diameter . . . . . . . . . . . . . . . 2,100 If
10 .0 Furnish and Place 18" Diam .

Cone . Drainage Pipe . . . . . . . 1, 500 If

17 .0 Conduit. . . . . . . . . . . . . . . . . . . .
.1 Class A__Concrete in Barre l

Section . . . . . . . . . . . . . . . . . . . 1,020 cy

.2 Reinforcing Steel . . . . . . . . . . . . 130,600 1b

.3 Rubber waterstops in conduit
barrel . . . . . . . . . . . . . . . . . . . . 600 if

.4 Structural Excavation . . . . . . . . 800 cv
. 5 Pumping nnd Unwutering . . . . . L.S .

18 .0 Intake Tower . . . . . . . . . . . . . . L.S .
19 .0 Access and Haul Roads . . . . . . L.S .

Item
No. Item Quantity

800 ELBOW CROSSIN G
1 .0 Clear and Grub . . . . . . . . . . . . . None
2 .0 Strip and Wnste . . . . . . . . . . . .

.1 Foundation . . . . . . . . . . . . . . . . . 117,000 cy

.2 Impervious Borrow Area . . . . . . 260,000 cy

.3 Pervious I3orrow .Area . . . . . . . 337,000 cy
3 .0 F.xcavato Impervious Materia l

and Haul to L;mbankment . . 3,347,000 cy
4 .0 Excavate Pervious Materia l

and Haul to Embankment . . 2,315,000
5 .0 Place and Compact Imper-

cy

vious F,mbankment . . . . . . . . 3,043,000 cy
6 .0 Place and Compact Perviou s

F.mbankment . . . . . . . . . . . . . 2,315,000 cy
7 .0 Furnish Additional Water fo r

Compacting Fill . . . . . . . . . . . 530 Mil. G.
8 .0 Furuis] ► and Place Riprap on

Upstream and I)ownstream
Slopcs . . . . . . . . . . . . . . . . . . . . 210,000 ay

9 .0 Furnisl ► ;rnd Place Gravel Filte r
under Ripra~- . . . . . . . . . . 105,000 cy

10 .0 Conduit . . . . . . . . . . . . . . . . . . . .
.1 Struct. Excavation . . . . . . . . . . 4,000 cy
.2 Class A Concrete . . . .. . . . . . . . . 4,455 _cy
.3 Reinforcing Steel . . . . . . . . . . . . 489,000 lb
.4 I'umping and Uuwatering . . . . . L.S .

11 .0 Access and Haul Roads . . . . . . . L.S .

900 RAILROAD RELOCATION

1 .0 Build 32 .8 M .-Abandon
27 AT . . . . . . . . . . . . . . .

. --2 .0 Struct . Steel-Bridge and-Dam
.1 Structural Steel . . . . . . . . . . . . . 471,680 lb
.2 Cast Steel-Shoes and1locker-a 61,600 lb

1000 CEMENT . . . . . . . . . : . . . . 1, 497, 000 bbls

1100 OPrItATORS' VILLAGE . . . L.S .
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QUANTITY Z
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Access Raiiroad • L .S.

Access and houl roods - L .S._
Construction villages and shop faci lities _ • L . S .

Construc tion plant including aggregat e and concnte plants and plocement trestle • L .S .

100 DIVERSION AND CARE OF RIVE R
l. - Cofferdams L .S .
2 . - - Wellpoints and dewatering

- ---------- - L . S.
- - -- -
200

------- ----- -
MAIN D AM

-----

-_i Sloge I East and West Abutment s_
2. Strip and Waste 702,000 C
3. E xcovate impervious in foundations and borrow and houl to embonkment 12,577,000 Cy

E xcavate perv ious in foundations and borrow and haul to embankm ent 8,588,000 Cy
9.

10.

Place and compact imperviovs fill in embankment and ypsheam blonke t
P la ce and compact perv ious fill i n embankment

12,7 92,0̀ JO "

11,604,000

Cy

Cy

12 . _ __ Ploc a select pervious fill in downstream filtérs and toe drain 753,000 _C
1 3 ._ Place riprop 215,000

-
Cy

22. Place dredçed fil be low El . 1646 -
--- - --- - --

635,000 Cy
-

-- - -
----- - ---- Stop_ II_-Clo sure Section

-----
- - - -

_2 ._-_ .
3 .

---- .-
Strip nnd wast e
Exc ovate imperv ious i n borrow oreas and h ou l t o em bankment 7,133,000

Cy
C _

4 . Excavate pervious in bo rrow areas and haul to embonkment 3,236,000 Cy
9.

-

Place and compact imperv ious fill in embankment and upstream blanket 6,4 66,000 Çy
10 . Place and compact perv ious fill in embonkmen t

--
5,590,000 Cy

-14 . Plaçe riprop 85,000 Cy
22 .

_
Place dredged fill below El .1646 J 1,510,000 Cy

300 CONDUITS AND INTAK E
1 .5 --__Stri p and excovate co mm on and choie in foundation of conduit 1,641,000 C
6 Con crete in prelim inory paving of conduit excavation 20, 000 C
6 . _
6.

_ Co n crete in conduite and intoke structure below El . 1670
Concrete in intake structure above El . 1670

539,235
39,885

C

C
6. C o ncrete in conduit portal structure and approach channel paving . 25,425 C

11 . _ Install plate steel linar incondults 33,000,000 Lb

_

13,15-24 _ Install gates, guides, hoists, trashracks, crone ond miscellaneous metalwork 3,021,000 L b
400 POWERHOUSE ARE A

- 1: - _-- -Excâvâtion
___. - 366,0D0- _- C--- -

4,5 Place concrete in stilling basin walls and paving and in surge tank bases 60,900 C y
7,8 Install surge tanks and wye bronches 2,975,000 L 6

450 POWEZHOUSE -

1,2 Place concrete in substructure and superstructure and in swih :h ard 46,750 C
5,6 Erect structural steel in superstructure and in swit c hyord 2,115,000 L b

17•19 Rr,schanical and electrical major and auxiliary Installation s
S00 SPILLWAY - - -

2. Strip and waste 346,000 C y
3 . Excavate pe rv ious and impervious and haul to wnbonkment or aggregate plant 9, 727,000 C y
3 . Excavate shole and hau l to waste 1,998,000 C y
4 . Place pe rv ious and impervious fill 1,295,000 C y

10,11 Pl ace concrete in crest, chute and stilling basin structures 240,985 C y
18&21 Insto ll gates, guides and hoists and erect structural steel in b ridge 2,548,000 L b

600
_

COTEAU C R EEK DAM
7,8 Place and com~ct pervious and impe rv iovs fill in dam 3,206,000 C y

12 . Place ri ro 66,000 r ,
700 THIRD MERIDIAN DA M

8,9 Place and compact pe rv ious and impe rv iou s fill in dom and bl unket 7,633,000 C y
11 . Place 119,000 Cy
12. Construct concrete conduit and intake struct ure ' -

800 ELBOW RAILROAD CROSSING
5,6 Place and compact porrvious and impervious fill in embankmen t 5,358,000 Cy

1 Construct concrete conduit 4,455 C
900 RAILROAD RELOCATION

1 . Build 32 .8 mi ., obandon 27 mi . of trock L .S .
2. Erect structural s teel spillw ay bridge 533,280 Lb
1000 FURNISH CEMENT 1,497,000 861 s
1100 CONSTRUCT OPERATORS' VILLAGE . L 5
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