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Legal and

Constitutional Aspects

The Problem of the South Savsl'(atchbwanA

~ River Development Project. A memo-

randum by John J. Connolly, Q.C.

THE purpose of this memorandum is to set,
out the scope of the Coiumission’s responsi-
bilities having regard particularly {o legal
questions that may arise. The South Sask-
atchewan River is an interprovincial river
and in its upper reaches some of its tributar-
ies cross the international boundary. It is
proposed to discuss the existing condition of
the law which touches problems connected
with its development. It is also proposed to
consider problems with reference to legisla-
tive competence.

The three Prairie Provinces acquired the
right to control the bulk of their natural
resources by agreements with the Dominion
Government in December 1929 and March
1930. These agrecements were confirmed by
legislation of the Parliament of Canada in
1930, and the Canadian legislation was rati-
fied later by tho Imperial Parliament. It is
important to understand the effect of these
agreements.

Before -these  three - pmvmces were con- .

stituted certain lands, mcludmg 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

CHAPTER §

not handed over to the administration of
the provincial authority but were retained by
the federal Crown. In summary, the effect
of the agreements in 1930 was merely to

- transfer the lands and properties still held

by the Crown and administered by the fed-
eral suthority, to the administration of the
provincial authoritics. The 1930 federal
legislation conferred no new sources of legis-
lative jurisdiction upon the legislatures of
any of the provinces concerned, All that the
1930 legislation accomplished was to transfer
to the several provincial authorities con-
cerned, additional Crown assets to be admin-
istered by them, subject to the provisions
of the several agreements, and administra-
tion by the federal authority came to an end.

It is to be borne in mind that the federal
government had granted lands prior to 1930
to private individnals. These grants, of
course, were not disturhed by the 1930 agree-
ments.  As regurds the ownership of lands
and water powers in the Prairie Provinces,
the position prior to 1930 was that they were
owned, to some extent, by private individuals

who had acquired the lands under 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 authority. The lands owned by
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the Crown in right of the provinces and
administered by them were comparatively
insignificant. After 1930 certain lands and
water powers continued to be held by private
individuals, but virtually all the remaining
lands owned by the Crown came under the
administration of the several provincial gov-
ernments,  The 1930 legislation, therefore,
gave to the governments of each of the three
Prairie Provinces new assets to administer
but it did not give them any new sources of
legislative powers.

There may be a misunderstanding arising
out of the use of the term ‘“natural
resources”’. It appears tn be considered that
the agrecemeints 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 con-
fusion arises in the use of the term “‘natural
resources” in two ways. In a political sense,
the Natural Resources Agreements of 1930
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 unalienated by
the federal Crown. The effect of the legisla-

tion was to give the Prairiec Provinces the

same 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, therefore, 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 remaining
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 Praivic Prov-
inces.  Accordingly in 1935 the federal
Parliament  enseted the Prairie IFarm
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 Minister as to the
best methods to be adopted to secure
the rehabilitation 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 Aect,
undertake the development, con-
struction, promotion, operation
and maintenance of any project
or scheme under or by virtue of
this Act, or unter into agreements
with any province, municipality

~ or person with respeet thereto.

(b) pay all necessary administrative
expenses incurred under the Act
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aml all necessary travelling and

living expenses incurred by offi-

cials or employecs in performance
of their duty.

(2) No single projeet or scheme
under this scetion involving an
expenditure in excess of ten thousand
dollars in any fiscal year shall be
undertaken without the consent of
the Governor in Council. o

11. The Minister may, for the purposes
of this Act, and with the approval of
the Governor in Council, purchase,
lease or otherwise acquire, or sell,
lease or otherwise dispose of, any
lands or premises which may be
required for or included in any project
or scheme, upon such terms or condi-
tions as he may deem desirable.”

Under date of June 19, 1947, P.C. 2208

“was passed by the federal government. 7This

order in council laid down certain principles
to govern the policy of the federal govern-
ment in conneetion with the construction of
large water development projects by the
P.I'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 Canada undertakes the con-
struction and operation of a project
it will be necessary for the provinee in
which the projeet is located to enter
into an agreement: 7
(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 .which

““may be required for dam site,

reservoir ‘or canal right-of-way
purposes in connection with such -
~ 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 pursuant to this policy in

such a way as to maintain so far
as possible the minimum flow deter-
mined by the Prairie Provinces Water

Board for the strecam upon which 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 Resour-

ces Office of the Province,

In the construction of an 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; Canada
will deliver 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 Canada may enter into
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arrangements with others for the

delivery and use of any water not
“taken by the Province.”

Many agreements have been concluded
between the Dominion on the 'one hand, and
cach of the four Western Provinées on the
other, {o carry out recommendations made
under the P.F.R.A. Some of these agree-
ments were made prior to the passage of
P.C. 2298, Sone projects were very small.
Others like the St. Mary River Irrigation
projeet were very substantial undertakings.
[ think it proper to say that projects under-
taken under the P.R.A. have all been
special projeets designed to afford relief and
assistance in the light of circumstances exist-
ing at the time. It does not appear that
any speeial attention was paid to the legal
rights of riparian owners downstream 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 cverall
plan designed to be in the best interests of
all the Prairie Provinees 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 Provineces 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, - o v SR

At this point it is perhaps important to
- conslder 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 Governments of Alberta, Saskatchewan
and Manitoba to establish the Prairie Proy-
inces Water Board. It will be convenient
to outline here the recitals Lontamed 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;

AND WHEREAS no provision has been
made for determining the allocation of
the said waters between the provinces;
ANp WHEREAS it is desirable that 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 recommenda-
tions as to their beneficial use;”

The agreement which the Minister of
Agriculture was authorized to complete
under P.C. 2297 was dated July 28, 1948,
The following are extracts from that agree-
ment which bear upon the questions herein
discussed. A

Manitoba, 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 five-members to be appointed as follows:

(a) two members to be appointed 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 Chairman of the Board on
the rccommendation of the Mmlsler

. of Agriculture;

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

“2. Functions

The functions of the Board shall be to
recommend the best use to be made of inter-
provincial waters in relation to associated
resources 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 members of the 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 casc may be, and shall serve as members
of the Board in addition to their other duties.

“4. Duties of Board

The duties of the Board shall be as follows:
(a) to collate and analyse the data now
available relating to the water and
associated resources of interprovineial
streams with respeet to their utiliza-
tion for irrigation, drainage, storage,
power, industrial, munieipal, 1mv1ga-
~ 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 appropriate governmental

organizations concerned for the carry-

ing out of such field surveys, power

investigations, soil surveys, establigh-

ment of ‘gauging stations, economic

studies relating to drainage and flood

control and all similar work which

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 Provinces or the Dominion to
tecommend 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 common 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.,

. Confirmation of Board’s Recommenda-
twns 3

~ A recommendation of the Board with re-
spect to any matters referred to it under
Subsecctions (c) and (d) of Section 4 hereof
shall become effective when adopted by
Orders in Council passed by Canada and by
each of the Provinces affected ther eby

“9. Reports

The Board shall submit an annual progress
report outlining work done and work con-
templated in the agreed program to each of
the responsible Ministers of the parties
hereto and such other reports as may be
requued by any one of such mestexs

“11. Each of the parties hereto agrees that
it will not within the limits of its jurisdiction .
construct or permit the construction of any

project that will interfere with the allocation
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of waters resulting from a reconimqmlation
of the Board duly adopted pursuant to See-
tion 5 hereof.

“12. Any water
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 allocation of water determined by the
Board.”

It is apparent that the functlons of the
Prairie Provinces Water Board are advisory.
The members of the Board are public ser-
vants employed by the various interested
governments. As a result of the terms of
section 5 of the agreement, the proposals of
the Board become effective only after each
of the governments who are parties to the
agreement implement the recommendations.
Thus each government interested has a veto
power under the agreement for every recom-
mendation.

I understand that there has been some dis-
cussion before-the Prairie Provinces Water
Board on the merits of the South Saskatch-
ewan River project as outlined in the report
of the P.I\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 follows:

... to conducet an mqmry into the following matters,
nnmely.

Whether the economic nnd social returns to
the Canadian pcople 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

profitable and desirable use which can be made of_

the physical resources involved.”

development project’

~ people as a whole.

Royal Commission on South Saskatchewan River

‘The following paragraph is of importance.

“6. That the Commissioners be further author-
ized to include in their examination and to report
upon sll matters which the Commissionera may
corsider pertment or re]evnnt to the general scope
of the inquiry.

These terms of reference are very broad.
Under them, the Commission is charged with
making a report to the Federal authorities on
the “most profituble and desirable use” which
can be made of the resources in question, in
the interests not only of the people of the
Prairic Provinces, but of the Canadian
This work might have
been done by the P.I.R.A. organization. It
might have been done by the P.P.W.B

The findings of the Commission do not
commit the I'ederal 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 among the author-
ities of the various Provincial Governments
concerned, as to their several rights to the
consumptive use of the water of the South
Saskatchewan River, that disagreement mus:

- not deter the Commission from making its

report as P.C. 4435 demands. “The most
profitable and desirable use which can be
made of the resources involved” will take
into account such factors as economics, costs,
engineering, best land uses, hydro-electric
power, alternative sources of power avail-
able, up and down river interests and the
effect of varying these in the interests of the
community as a whole, and the like. When -
this- report is ‘made the parties concerned
would be in a position to consider 1ts imple-
mentatlon. -
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The Commission, hwever, 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 American authorities have claimed

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 consumptlon in the United
States,

The allocation of water from the resource
among the three Prairie Provinces raises
legal questions and questions of jurisdiction.
Tixpressions like “Provinciai Rights”, “The
Rights of the Provinees to control their own
natural resources”, ‘“The Rights of the
Provinces to legislate in respect of ‘Property
and Civil Rights i in the Provinee’ ” coupled
with the 1930 Yederal Legislation which
returned to each of the three Prairic Prov-

. inces control over the great bulk of their

natural resources, may engender 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 what

the Provinces are before-the law, . .

Provinces are not sovereign states, they
are not legal persons, In one sense they are
geographical areas defined by statute. In

another sense the term “provinee” (s applied
to the governments established -by statute

for those areas, and having certain legisla-
_tive, 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 by Federal author-
ities. Tor example, when the Crown in the
right of the Province transfers land to the
Crown in the right of Canada, there is no

vréal conveyance of property since Her

Majesty remains the owner in either case.
What takes place is merely a change in
administrative control.

Tt is 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
Provineial, in other cases the authority is

Federal. . 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 provineial
authoritics. 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 hordering on

interprovineial . streams, i.e. a ,.,_frimltiiin, R

owner.
All property is owned elther by the Crown
or-by other legal persons. The fact that the
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province as such is not the owner of Crown

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 between the provinces with refer-

er.ce 1o Crown ‘property,-because the owner
in each case is Her Majesty, and she cannot
have rights against Herself.

There is ample authority for the siate-
ment that the rules of common law apply to
the Crown except 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
water in streams. :

‘The common law rules as to the rights of
riparian owners are not complex. It has
been settled that the right to the enjoyment

may be diverted for b. time by the upper
owner for the purpose of irrigation. The
lower riparian owner is entitled to the
accustomed flow: of the water for the ordin-
ary purpose for whith he as a riparian
owner ean 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'apart' from
Statute.

As between say Sackatchewan 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 rights with reference to the use of the

water are covered by the common law as \
aforesaid. Tn this background John Smith '
living in Manitoba could at common law
succeed on an application for an iniunction

of a natural stream of water on the surface,
ex jure naturae, belongs to the proprietor
of the adjoining lands, as a natural incident

~to -the right to the soil itself, ... ... he has

the right to have it come to him in its
natural state. in flow, quantity and quahtv
and to go from him without obstruction;
upon the same principle that he is entlt.led

to the support of his neighbour’s soil for his
cowr iy its natural state.
- ~wners rights.are not ' unded on the owner-

snip of the bed of the river. but upon right
of access to the water. No riparian pro-
prietor has any property in the water itself

except in that particular portion which he

may choose to abstract from the stream to

take into his possession, and that during

the time-of his possession only. Under cer-

tain circumstances, and provided no material

injury isv_rlohe—", the water may be used and
T | ,

and on & elaim for damages, if proved, arising
out of a diversion ‘for consumptive use hy
a riparian owner in Alberta who had dimin-
ished the natural flow of the South Sask-

‘atchewan River in front of his property.” Tt

might well be asked if the common law
dactrine of riparian rights runs heyond the

- Provincial boundary. There would appear
- to be no authoritative decision on the precise _

These_riparian__

point. Statutory law, however, can change
the common law rules, and specifically, valid
statutory-law can change the common law
rules to confer a right of le(,l‘SlOll of watel
for consumptive use.

If a diversion for consumptive use in any
of the three Prairie Provinces from the South
Saskatchewan River is to be authorized, and
the common law rule abrogated, the question
arises’ as to what legislative body is com-
petent to enact the required legislation. By



Legal and Consmuuonal Aspects

subsection 13 of Section 92 of the British
North Ametica Act a provincial legislature
may make laws lespectmg “Pxopelty and
Civil Rights in the Province.” Thus Alberta
- may legislate to prevent an action by an
Eastern Alberta riparian owner against a

Western “Alborta  authority which would:
‘he Eastern

diminish riparian rights of
Albertan.

‘However,-it is not competent for-a-pro-—--

vineial 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 an

While it eannot be determined with anv
great certainty what legislative body, Federal
or Provineial, is competent to enact suitable

legislation to vary the common law, in cer-
tain circumstances the Federal government -

could assert jurisdiction.

Tor example, the Federal parliament might

declare a project for the development of the
resoutce in question to be a work “for the

“Tgeneral  Advantage of ~Canada or - for ~the- -

Advantage of two or more of the Provinces”,
under. Section 92 (10) (¢) 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

Alberta authority which-infringed- them.——— - interprovincial -

~ is not the law in Canada.
that it should be the principle used and that

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 matter assigned
excluswely to the legislatures of the Prov-
inces by the B.N:A. Aect.

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

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 Government 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 this -
river,— It —was..admitted, . .

however, by Counsel for the Government of
Saskatchewan that the doctrine in question
It was proposed

this condition should be brought about
through agreements with the various Gov-
ernments concerned., ,

In addition I should point out that it

was part of the agreements concluded
between-the - Dominion-and-the four Western__
Provinces when the administration of their

assets was handed over to the provineial
authorities, that all contracts and leases for

the alienation of resources made by the

Dominion prior to the transfer should be
honoured.
receive approplmte consideration.,

It is obvious from the ubove that there is
- great uncertainty as to the legal position

167

This is a factor which should '

-would-have authority under Sections 56 and .

\
\

y
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. others.

~a further
" There may be others.

I therefore suggest that the Commission
 make its finding as required by P.C. 4435.

-of this interprovineial river.

and as to jurisdiction.
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 acquired by the C.P.R. and
The position of the Federal author-
ities with reference to navigation rights is
possible . comphcatmg factor

Such findings should touch upon problems
of economics, costs, engineering, irrigation,
and other matters. T think it might be

* Perhaps this is not

~Royal Commission-on-South-Saskatchewan-River -

stated the Commission is advised that to
carry out its recommendations may involve
the solution of complex legal problems and
problems of jurisdiction 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

solve these problems, but that if the Com-
mission’s findings are to be implemented, no
doubt such legal and jurisdictional obstacles
can be overcome. I think it should then

be left to the authorities concerned to solve .

the legal and jurisdictional problems if thev
could agree on the report of the Commission
as made or as they might agree to vary it.

Legal Aspects of the South Saskatchewan
River Development Project. A memo-

randum by H. Carl Goldenberg, Q.C.

Saskatchewan River for irrigation and power
purposes in the-Province of Saskatchewan
invites consideration of the respective rights
of the three Prairie Provinces in the waters
“These rights
are subject to such rights as the United
“*States may have in the headwaters of the

- river and to the rights of Canada under the

Navigable Waters Protectxon f&ct w hxch are

“not here consideréd.”

The South Saskatchewan, with its head-
waters in Montana and southern Alberta,
flows into Saskatchewan where, north of
Saskatoon, it joins with the North Sask:

ateliewan to form the Saskatchewan River

~which flows into Lake Winnipeg, in Mani-
toba, and by the Nelson River empties into
Hudson Bay. Worlks erected on the South
Saskatehewan for i;r'rigation or power pur-

~—T'HE ~proposed-developmient—of the -South—

- poses within the boundaries of one province

may, therefore, affect the flcw of water into

“another province. PO

_ Before.1930.control.of the- water_;mmuce'
of the Prairie Provinces vested in the Gov-
ernment -of Canada and such waters were
under a single’ administration. With the
transfer of the natural resources to these
provinces in 1930, the single control and
administration was replaced by divided con-
trol in that Manitoba, Saskatchewan and

Alberta acquired jurisdietion over the waters

within their respective boundaries. IEach of

»tlw»--provmces established. B qepmate water S

administration office. :
- Having regard tq the common interest of

the three provincesin the waters of the river

system and to avoid interprovincial disputes
which might arise from water diversions in
any one provinee, the formation of an inter-

- provincial board to recommend the best uses

of the water and its allocation was discussed
shortly after the transfer of the resources to

f'



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 power
possibilities in the lower regions of the drain-

age basin and an agreement for the cr eation
~of an mtelprovmclal board was reached in

1945, As this agreement failed to give
recognition  to participation by the Gov-
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‘recommendation

‘ernment of Canada in financing irrigation

projects, the interprovincial board was in
1948 replaced by a Federal-Provinecial board
~under the name of the Prairie  Provinces
Water Board..

The agreement of July 28, 1948,
between the governments of Canada, Mani-
toba, Saskatchewan and Alberta, which pro-
vided for the establishment of the Prairic
Provinces Water Board consisting of repre-
sentativés of each of these governments

going sections of the agreement becomes
effective when adopted by Orders in Council
passed by Canada and by each of the prov-
inces affected thereby.

A number of projects submitted for the
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 alloca-

-169———

- tion of water for the South Saskatchewan

project was requested by Saskatchewan in
1951, Alberta’s representative presented an
alternative project for consideration and
supported by Manitoba’s representative, sub-
mitted that it was the function 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-

. declared that:

“The functions of the Board shall be to recom-
mend the best use to be made of interprovincial
waters in relation to associated resources in Mani-
toba. Saskatchewan and Alberta and to recommend
the allocation of water as between “each such

__’province of streams flowing from one province into
" “another province.”

Among the duties of the Board are the
followmg ‘

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;

“ta report on any questions relating to
specific projeets for the utilization or control of
common 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.”

A recommendation of the Board on any of
the matters referred to it under the two fore-

of the water. The resulting disagreement as
to the functions of the Board has been refer-
red to each of the govermnents for its con-
sideration.

In its submission to the Royal Commls—
~sion on

the South Saskatchewan River
Development the Government of Alberta
has drawn attention to this interprovincial

_problem as it affects the proposed develop- -

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. '

, -

jects-having regard-to-the-most-beneficial-use-
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With the assertion by each of the prov-

inces of its rights to the use of the surface
waters of the river system, and a reference
by the Government of Allerta to possible
legal disputes similar to those which have
arisen in connection with the use of inter-
state waters in the United States, it becomes
necessary to consider the nature of the
rights thus asserted.

do not appear to have been adjudicated

by the Canadian courts but the correspond-

ing richts of the States have given rise to
considerable litigation in the United States.
It may, therefore, be useful to examine the
jurisprudence in cases arising from the
diversion and use of waters in interstate
streams,

The decisions of the Supreme Court of
the United States have been based upon the
principle of “equitable apportionment” of
_nterstate waters. “On _the basis of equality

Royal Gommission-on-South-Saskatchewan River

T hese rights, as such,

“ing  water

had caused little if any detriment in
Kansas”.2  Accordingly, the Court refused
to enjoin Colorado, saying that:

“We must consider the effeets of what has heen

done upon the conditions in the respective States
and so adjust the dispute upon the basis of

equality of rights as to seccure as far as possible

to Colorado the benefits of irrigation without
_ depriving Kansas of the like beneficial effects of a
flowing stream. "

In delivering the opinion of the Court,~ - -

Mr. Justice Brewer said that notice must be
taken that the local law of Kansas govern-
rights was the Common Law
doctrine of riparian rights and, further, that

- it recognized the right of appropriating

walers for irrigation subject to the protec-
tion of the ecqual rights of other riparian
proprietors. The Court therefore held ihat:

“As Kansas thus recognizes the right of appro-

of rights, this doctrine fits the decision to
the faets of the controversy, without adher-
enee  to any particular formula. Tae
doctrine "stems from the 1907 opinion in
Kansas v. Colorado.1
right to have the water 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. substantial manner diminished -the low

of the Arkansas River into Kansas. The
Court found that, while Colorado had dim-

inished the 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

1200 U.S. 46,
2 Water Resources Law:

3206 U.S. 100 42006 1J.S. 104.105.

Kansas claimed the

Report of the President’s Water Resources

divizion between the riparian proprietors, she ean-
not complain if the same rule is ndmlmstered
between herself and a sxster 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.
states 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 superiority of right. In

Policy Commission, Val, 8, 1950, pp. 59-60.

“In both

priatin g the-waters-of-a-stream-for-the-purposes-of —————
irrigation, subject to the condition of an equitable
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delivering the opinion of the Court, Mr.
Justice Van Devanter said, at p. 466:

“The contention of Colorado that she as a

" State rightfully may divert and use, as she may
choose, the waters flowing within her boundaries
in this interstate stream, regardless of any prejudice

that this may work to others having rights in the .

strcam be.ow her boundary, can not be main-

tained. The river thisughout its course in both
~ - States is but. a single stream wherein. cach State

has an interest which should be respected by the

other.”

And at p. 484:

“The question here is not what one State should

do for the other, but how edch should exercize -

her relative rights in the wate.s of this inter-
state stream. Both are interested in the stream
and both have great need for the water. Both
subseribe to the doctrine of appropriation, and by
that doctrine rights to water are measured by
what is reasonably required and applied. Both
States recognize that conservation within prac-
ticable "limits is essential in order that necedless
waste may be prevented and the largest feasible
—.._use_may_be secured. This comports with the all-

have real and substantinl interests in the River .-

that must-be reconciled as best they may be. The
different traditions and practices in different parts
of the country may lead to varying results, but
the effort always is to secure an equitable appor-
tionment without quibbling over formujas.”

In Hinderlider v. La .Plata River and
Cherry Creek Diteh Co. (304 U.S. 92) the
Supreme Court again applied the principle

~of equitable apportionment.” Inthiscase'the ™

Court had to consider a'compact between the

~States of Colorado and New Mexico provid-"

ing for an equitable apportionment of inter-
state waters to secure the greatest beneficial
use thercof. In delivering the opinion of
the Court, Mr. Justice Brandeis spoke
favourably of such interstate compacts,
pointing out, at p. 105, that “resort to the
judicial remedy is never essential to the-
adjustment of interstate controversies, unless
the States are unable to agree upon the
terms of a compact, or Congress refuses its

pervading spirit of the doctrine of appropriation
and takes appropriate heed of the natural neces-
sities out of which it arose. We think that doclrine
lays on each of these-States a duty to exercise her

right reasonably and in n manner caleulated to

conserve the common supply.”

The rule of equitable apportionment 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 than an amenity, it is a
treasure. It offers a nccessity of life that must
be rationed among those who have power over
it
all the water within its jurisdiction. But clearly
the exercise of such a power to the destruction of
the interest of lower states could not be tolerated.
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 down to it undiminished. Both States

it -pe 342t R

New York has the physical power to cut off -

consent.”

In New York v. New Jersey (256 U.S. 96)
the Court also suggested that interstate
water disputes might be better solved by

- interstate compacts:

“We cannot withhold the suggestion inspired by

the consideration of this case, that the grave

_ problem of sewage disposal presented by the arge
and growing populations living on the shores of |

" New York Bay is one more likely to be wisely
__solved by coopeérative study and by conference
and mutual concession on the part of representa-
tives of the States so vitally interested in it than
by proceedings in any court however constituted.”

In its decisions on the rights of States io
divert and use waters in interstate streams,
the United States Supreme Court has thus
established that: -

(a) The waters of a non-navigable stream

rising in one State and flowing into an
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adjoining State may not be disposed
of by the upper State as it may choose
regardless of any injury or prejudice
to the lower State;

(b) Each State has an interest in the
common . stream which must be

respected by the other and such inter-,

ests must be reconciled as best they
- —may-be;—- -

(¢) Each State is entitled to an eqmtable
- apportionment of "the waters of the .

common stream,

(d) Equitable apportionment does not
necessarily imply an equal division of
the water but is to be determined by
the facts of the case and not by adher-

_ence to any particular formula;

(e) It is not unreasonable to enforce
against a State its own local rule
governing water rights, although in

v _ Connecticut v. Massachusetts (282
S T U‘q 660) thie Conrt pu.nted-out-that

“while 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 Supreme Court has also suggested
resort to interstate compacts as a more satis-
factory means of settling disputes arising

from._the use of waters_in interstate streams, =

In the absence of Canadian precedents,
the rules laid down by the United States
Supreme C ,urt may usefully he considered,
in so far as they may be applicable, in deter-

mining the rights of the three Prairie Prov-

inces to use the surface waters of an inter-
provineial river.

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

The law governing water rights in the

Provinces of Manitoba, Saskatchewan and
Alberta is the Common Law doctrine of
riparian rights.5 In 1930 and 1931, follow-
ing the transfer of the natural resources to
the Prairie Provinces, each of these provinees
en cted legislation on . water rights, - as
follows:
Manitoba: The Water Rxghtc Act (1940
Revised Statutes of Manitoba, cap.
.230).

.Saskatchewan. The Watel nghts Act
(1940 Revised Statutes of Sask-
atchewan, cap. 41).

Alberta: The Water Resources Act

(1942 Revised Statutes of Alberta,

cap. 65).
The basic rights of riparian proprietors
are protected by each of these Acts. Section

6 (3) of the Manitoba Act reads as follows:

“Nothing contained in this Act or the regula-

intended to interfere with the right of any person
owning or occupying 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 he may require for domestic or industrial
purposes on the land but he shail not be entitled
to the right of impounding or diverting nor shall
he impound or divert from any such body of
water by any dam, pipe, flume, channel, ditch, or
other means used in the impounding or diversion
of water any water he may require unless author-
ity therefor has been obtained under the pro-

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

*““‘A‘"“HOBS -shall--interfere--with—or.. be_.understood _as____ ____

—visions- of - this-Aet —
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“Domestic purposes” is defined in the same
way in cach 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
cach of the Aects in substantially the same
way as meamng the operatlon of railways

"and factories: -

Appropriation of water rights otherwise

than-under the-provisions of the statutes is --—

prohibited by cach of the Acts. Section 8
of the Alberta Act and section 11 of the

- Saskatchewan Act are the same as section

8 of the Manitoba Act,

which reads 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
right to the permanent diversion or to the exclusive
use of the water in any river, stream, watercourse,
lake, creek, spring, ravine, canyon, lagoon, swamp,

——

. o TR
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by any riparian owner or any other person by
length of use or otherwise than as it may be
acquired or conferred under the provisions of this
Act or the regulations.”

~ Each of the Acts proteets existing licensed
rights to water granted prior to thq 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 works

therefor, upon application made under the
Act. Such applications have precedence in

the following order:

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

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

173

purposes; (4) irrigation purposes; (5)
other like purposes; (6) mincral water

purposes; (7) mineral recovery pur-
poses. -
Alberta: (1) domestic purposes; (2)

municipal purposes;
purposes; (4) irrigation purposes;
(5) water power; (6) other purposes.
- While in Manitoba and in Alberta applica-
tions for water rights have precedence

according-to-the respective dates.of their-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:

“No application for any purpose shall be

granted wheré the proposed use of the water would
deprive any person owning lands adjoining the

whatever water he
industrial purposes.”

requires for domestic and

~ Section 15 of the Saskatchewan Act con-

tains a similar provision but only with re-

spect to - water 'domestic

purposes.

required for

(3) industrial -

marsh;—or-other-body—of—water-shall-be-acquired——————river,-stream, -lake _or..other_source_of _supply._of

" The Common Law rights of the riparian = -

proprietor were set out in the leading

case of I\/Imer V GlllllOllIf (1?7 1\’1001"«5 P O__

Reports 131) as follows:

“By tha general law applicable to running
streams, every riparian 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 purposes
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, he has a right to the use of it for
any purpose, or what may be deemed the extra-



use for domestie purposes

ordinary use of it, provided that he does not
thereby interfere with the rights of other pro-
prictors, either ahove or below him.  Subject to
this condition, he may dam up the stream for the
purpose. of a mill, or divert the water for the
purpose of irrigation. But, he has no right to
mterrupt the regular flow of the stream, if he
thereby interferes with the lawful use of the water
“by other proprictors, and inflicts upon them a
sensible injury.”

The legislation ;,()vorning water rights in
cach of the Prairie Provinces asserts and

~ preserves the Common Law right of the

riparian propri or to the ordinary use of
the water flowing past his land, that is, its
and for his cattle
(and in Manitoba for industrial purposes)
but restricts such “extraordinary use” of it
as the right to impound or divert water,
unless he has received authority therefor

under provineial statutes.

“If a rule, such as that laid down by the
United States Supreme Court,8-that it is

174 Royal Commission on South Sasketchewan River

,,,,,

nol unreasonable to enforce against a State
its own loeal law governing water rights, is
app’.ed, it is submitted that the respective
legal rights of the Provinces of Manitoba,
Saskatchewan and Alberta in the surface
waters of interprovincial rivers are the Com-
mon Law rights of 1‘iparian proprietors

in so far as these™ ])IO\'IIICCS are” riparian ©

p opr ietors.

“r

The law relating to the rights of riparian
proprictors,”
Co. v. Bml\xor Distillery Co,7 “is well settled.
A ripavian proprietor is entitled to have the water
of the stream, on the banks of which his property
lies, flow down as it has been accustomed to flow
down to his property, subject to the ordinary use
of the flowing water by -upper proprietors, and to
such further use, if any, on their part in connection
with their property as may be reasonable under

% Kansas v. Colorado, 206 U.S. 46
71893 A.C. 691, 698. ,

said Lord I\Ia(n.\ghten, in Young & T

the civeumstances., Tvery riparian proprietor is
thus entitled to the water of his stream, in its
natural  flow. without sensible diminution  or
increase  and  without sensible alteration in its
character or quality.
causing actual damage or caleulated to form a claim
which may ripen into an adverse right entitles the
party injured to the intervention of the Court.”8

If the rule, as set out above, is applicable,
it i1s submitted that cach of the Provinces of
Manitoba, Saskatchewan and Alberta has

legal rights to the reasonable use of the

Any invasion of this right

surface waters of the Saskatchewan River
system, which rights must be respected; that

none of these provinces may dispose of suck 4

“atem within its boundaries to the injury

r prejudice of one or both 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-
ince may injuriously affect the rights of the
latter_provinee.

It does not follow that every diversion of
water would be wrongful. The right to
flowing water is a right incident to property

in the land entitling each proprietor to a just-

and reasonable use of such water »s it passes
through his land. It has been pointed out

that:

“Wh at is-such a Juel :md reqsonnble use, may
often be a difficult question, depending on various
circumstances. T'o take a quantity of water from

facturing purposes, would cause no sensible or
practicable diminution of the benefit, to the
prejudice of a lower proprietor; whereas, taking
the same quantity from a small running brook
passing through many farms, would be of great
and manifest injury to those_below, who need it
for domestic supply or watering cattle; and there-
fore it would be an unreasonable use of the water,

§Per Lord
Petroleum Co,,

Sumner in Stollmeyer v.
1018 A.C. 485, 491.

Trinidad

o large running §tiéani for  agricultuie oF mianu= """
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and an action would lie in the latter case and not
in the former. It is therefore, to a considerabie
extent a question of degree ... "9

_ The natural rights of a riparian proprietor
being rights incidental to the ownership of
property are not primarily rights of user.10

“All persons having lands on the margin of
n 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,” 11

a useful purpose. If ihis be so, a considerable
part of the value of an estate, which, in manufae-
turing districts particularly, is much enhanced by
the existence of an unappropriated stream of
water with a fall, within its limits, might at any
time be taken away ...

The rule that theé first occupant of running
water who appropriates such water for a use-
ful purpose does not by the mere fact of such
prior appropriation acquire a right to a
permanent diversion or to the exclusive

It follows that under the strict riparian
doctrine, the owner of riparian rights who

- makes no use of the water.may, nevertheless, .

enjoin interference with those rights by other
proprietors. In the leading Tnglish case of
Mason v. Hill,12 Lord Denman said:

“The proposition of the defendant is that the
right to flowing water is publici juris, and that the
first person who can get possession of the
stream and apply it to a useful purpose, has a
good: title to it against all the world, including the

use—of —the—water,
water rights legislation of each of the Prairie
Provinces.13 The fact that a lower pro-
of his riparian ughts does not afiect the
case. If the rule is applied 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 thereby forfeited such_rights in

T e

proprictor 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
glefmﬂt of his having done so, may altogether

deprive him of the benefit of the water. ‘The -

position that the first occupant of running water
for a beneficiz! purpose has a good title to it, is
~—perfectly-true-in-this sense, that neither-the -owner -
of the land below can pen back the water, nor

the owner of the land above divert it to his .
... But it is a_very different question

_prejudice_.
whether he ean 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 him of it

4nltogether by anticipating him in its npphcatlon to

? Shaw, C, J., in Elliott v. Fitchburg leroad Co.,
10 Cush, 191, 103, 186,

10 Cotton, L, J.. in Kensit v,
way Co., 27 CL.D, 122,

Great Eastern Rail-

favour of one or both of the other provinces
which may have made beneficial use of the
waters within their boundaries.

. While it has been submitted that if rules,
such as those applied by the United States
Supreme Court in controversies hetween

-~ States--arising.- from the -use. of- interstate

wateis, are applied to similar controversies
between the three Prairie Provinces, each

“province, to the extent that it is'a riparian "~

proprietor, may assert riparian vights in

interprovineial waters, it is essential to note

that in asserting such rights a State is con-

stitutionally in a different position {rom a
i Snmpwon v, Hoddmot (1857) 1 C.B. (N.8.) 590.
12 (1833) 5 B. & A

13 Water Rights .\ct (Man.) scc. 8; Water Rights
Act (Saak.) sec. 11; Water Resources Act (Alta,) sec. 8.

is “embodied —in- the = -
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Cana(llan province. The United States Con-
stitution (Art. III, see. 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. There is no corresponding pro-
vision in the British North America Act for
the adjudication of controversies between
provinces, Parliament has, therefore, pro-
vide(l for such ndjudication but with due
])lOVlll(,e . The Dxchequer Court Act (1927
R.8.C., cap. 34, see. 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 Cnnn(h and

such province;

(b) between such province and any other

province or provinces which have passed
a like Act;

" determine such controversies,
.- 2. An appeal shall lie in such cases from 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 Supreme

“The ‘Exchequcf Court Act'.confers upon that
court jurisdiction to decide a controversy such as

.= this._TIt says nothing about the rule to be applied

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 circum-
stances presented to him) it would be fair and just
and proper that one or the other party to the

-for the determination of controversies the Act
spcaks of controversies about rights; pre-supposing
some rule or principle according to:which such
rights can be ascertained; which rule or principle

~Court, said, with respect to this provision: .

- controversy should-do. -1 think-that-in -providing —-—-

could, it should secem, be no other than the
appropriate rule 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
purpose of determining such a dispute; or to
apply to such a controversy a rule or princinle
prevailing in one locality when, according to
accepted principles, it should be determined upon

the law of another locality. This view of the -

funetions of the court under the Act does not so
circumscribe 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 diflicult to sce how the province -
could (apart from the statute and without its .

consent given in the pirticular 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, a controversy between two
or more provinces affecting rights, such as

principles of law, but only with the consent
of each of the provinces concerned expressed
by an Act of its legislature. Without its

‘consent so exprassed, 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-

been pointed out that with respect to the
rights of States in interstaie waters, the
Supreme Court of the United States has
expressed a preference for the apportion-

ment of such waters by interstate compaects . . .

rather than by judicial determination.
In the light of the foregoing, it is impor-
tant to note the 1948 agreement setting up

the—Exchequer— Court--shall— ha\e_.;uusdxcuou to— . rights—in— mtelprovmelal‘—-watels,«may._be-‘_- }
-adjudieated on the basis of the appropriate -

- tection -of -their-respective_rights. It _has_..... ..
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the Prairie Provinces Water Board, already -
-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 benecficial 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- equitable -

apportionment of the waters on the basis
of their most beneficial use in relation to
the resources of the provinces. :

. Notwithstanding the principle underlymg
the agreement, differences have arisen

between the provinces as to the proper basis

for deteritining allocations of water in the

- wan forms a part. It is argued, on the onc

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 deve'spment

-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 system. Such -
development cannot be contemplated with-
out agleement by the three provmces to

the most beneficial use of the waters properly

river system of which the South Saskafche-

determined.




. Tue South Saskatchewan River Project'
~proposes to utilize the water of the South

River Project

Saskatchewan River and its tributaries, to
irrigate lands in Central Saskatchewan,
By means of a dam constructed at a site

near Outlook, Saskatchewan, 80 miles

I'he South Saskatchewan

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 Ben-

CHAPTER 6

upstream from the City of Saskatoon, it is
possible to create a resevoir 140 miles long,

_ This reservoir will be adequate to irrigate

nearly a half a million acres of land and as
well provide the sourcz for generating elec-
trical energy for domestic, irrigation and
industrial uses. In addition, the reservoir

T erating 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 tlansportatlon

—will"permit the diversion of water down the

Qu’Appelle Valley, provide a source of water

supply for the cities of Moose Jaw~dnd
Regina, and regulate the river flows below

- the damsite.
The project will require the construction’

of;

atchewan River, 205 feet high and

1. An earth dam on the South Sask-

in that viecinity,
The followmg section will (lescnbe the
main engineering features of the Project, as
far as they have been defined by the engineer-.

ing services of the PFR.A. Then it will set

out the main agronomic aspects of the Pro-

ject, as they have been analyzed in reports
" prepared for the P.F.R.A. o

General Engineering Features

8;500-feet-long: :
2. An° auxiliary earth dam in the
- Qu’Appelle Valley. to prevent the

impounded waters
~ down the valley;

from escaping

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-

3. A spillway channel; about three miles
long, w1th a concrete control struec-
ture,

ing, north of ‘Swift Current, and the Cabri
Ferry, about 20 miles upstream. The pur-
pose of thls general loeaticy- was to utilize
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180 Royal Commission on South Saskatchewan River

a depression in the norch bank, known as the
White Bear Depression, through which to
convey water to most of the lands originally
included in-the North Saskatchewan project
investigated by the Department of Reelama-
tion and Iving generally between Ilrose and
Rosetown on the west, and Outlook and
Saskatoon on the east.
Six profiles were survey od and Jrilied. This
brought out the following facts:
(2) The dam required would have been

between 116 and 150 feet high and it
woulld have had provisions for some-

power,

(b) The project was feasible from a

topographie point of view.

(¢) The foundations were not as good s
had been hoped for, and materials for
construction were inferior.

. (d) The reservoir would have flooded a
large area of valuable lands m the
vicinity of Levadena, Saskatchewan.

(¢) The reservoir capaecity would not
have been large enough to make I)@xt
use of the flow of the river.

(f) Agricultural and soils reports on the
lands which would have been served
from this location, reduced the area
sulted to wrigation to a small fraction
of the acreage originally estimated.

It was found that there was a large area
of excellent irrigable land to the east of the
Raskatchewan River and in the Qu'Appelle
River Vallev. However, the Qu'Appelle area
could not be reached with water from this
1)0int of diversion, and the area east of the
river could be reached only by means of an
expensive syphon erossing of the South Sask-
atchewan River. At the same time, an urgent
need { - domestic water had developed in the
Qu’'Appelle Valley. :

superior,

Attention was therefore directed to the
reach of river between Elbow and Outluok.

“Three general sites were - explored in this

reach—one just above the junetion with the
Qu'Appelle Valley, anc.her close to the town
of Nutlook called Site 8, and another at
Coteau Creek called Site 10, The site above
the Qu'Appelle Valley junetion would serve
most of the objectives aimed at, and would
avoid the railway damages associated with
any site downstream. However, foundations
proved the poorest yet investigated and
further consideration was dropped. Of the
remaining two sites, careful investigation
showed Site 10 at Cotecau Creek to be
The advantages of this site are:
1. The possible reservoir capacity which
can be. developed by a dam in this
reach is the greatest on the, river,
because of the huge side- channel
volume in the Qu'Appelle Valiey.
2. This reservoir site is close to the irri-
gable area on both sides of the river.
3. A reservoir in this section will permit
casual diversion of water down the

Qu’Appelle Valley as required for irri-

gation and domestic uses.

4. Because of Qu Appelle Valley storage,
_the reservoir is more efficient for
power than any upstr:am site.

O. The side-channel storage in the
Qu'Appelle cannot accumulate silt
from bed load or suspended load
movement in the main river,

6. Suitable earth materials of the classes

~ fequired for construction are found in
abundance on both banks.

7. All the required gravel {or concrete
aggregates is available on the site.

Main Dam.—The proposed South Sask-
atchewan dam, spillway and appurtenant
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works are located adjacent to the North
boundary of Township 26, Range 7. west of
the Third Meridian, about 15-5 miles down-
stream from the Elbow,

The dam will be a rolled earth fill 205 feet
high with a crest length of 8500 feet, and a
crest at elevation 1845, The crest width will
be 60 feet and the maximum base width in
the River channel will be 2600 feet, exclusive

‘of a 1200-foot upstream blanket. Embank-
~ment slopes will ve y from 2 to 1 at the top

to 8§ to 1 at the bc tom. A roadway will be
construeted across the crest and tentative

- plans make provisions for carrying a railway

across the dam. . The upstream and down-
stream portions of the dam will consist of
pervious fill material; the core will be imper-
vious rolled earth fill. The upper 40 feet of
the upstream slope will be protected by
riprap. - _

The area under the dam is underlain by
Bearpaw shale. The shale in turn is under-

1ain by Belly. River sandstone. The over-

burden consists prineipally of sand in the
river bed, with clay, sand and gravel in the
abutments. To prevent seepage under the
dam through the overburden, a 1200-foot
blanket varying in thickness from 34 to 10
feet will be constructed i]i the river bed, and

a cutoft trench will be excavated to the Bear-

paw shale under the abutments." _
- A detailed sub-surface exploration has

proven that ample quantities of material

suitable for the rolled earth-fill and pervious
zones of the dami‘éire available in the immedi-
ate vicinity. ‘This material has a good dis-
tribution ‘on both sides of the river and
sufficient impervious and pervious fill can be
obtained within easy haul distance. Rip-
rap surveys have been made which indicate

- that all the material required for riprap and

closure rock could be obtained within 40
miles of the site. .

Spillway.—A  gated, reinforced conerets
chute spillway will be located southwest of
the main fill about a mile away from the .vest
abutment. This location utilizes a natural

- depression to reduce the approach channel

excavation.- The over-all length is 17,000
feet, of which 8,000 feet is approach channel,
3.000 feet is reinforeed conerete control struc-
ture and 6,000 feet is exit channel.

The drainage area of the South Saskatche-
wan River above the proposed damsite is
48.800 square miles. The spillway 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 16 days. This design flood when
routed through the spillway indicated a
maximum spillway discharge of 265,000 c.f.s.
with the reservoir rising to elevation 1830,
five feet above full supply level. The largest
flood on the river during the period of record
was 131,000 c.f.s. in June, 1623,

The approach channel is 600 feet  wide
with 3 {01 side slopes and a bed elevation of
1775. A pilot channel 109 feet wide with 3
to 1 side slopes at elevation 1650 will be
excavated for the exit from the stilling basin.
The crest of the coierete chute is 520 feet
wide and its elevation is 1797-5. There are
eleven [0-gate openings with ten eight-foot

thick concrete piers to support re-dway and

railroad  bridges.  The <hute section is
tapered from a 520-foot width at the
erest to a 400-foot width about 600 feet
below the crest, this section being continued’
to the stilling basin. The stilling basin is the
same width as the chute and 300 feet long
at elevation 1608. 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 Iingincers.
The spillway will be founded on materials
varying from pervious sands and 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 weight 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! settlements due to
uneven reloading of the foundation to take
place before the structure is complete.

Oullet Works—A multi-barrelled conduit
of reinforced concrete 2750 feet long with
four 25-foot diameter harrels has been tenta-
tively selected for diversion purposes. This
conduit must be able to pass the design diver-
sion flow without excessive head under initial
closure conditions, and must in addition be
capable at a later date of passing e maxi-
mum probable June flow during the .con-
struction period.

The conduit will be used as a reservoir
outlet works after completion of the dam.
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 west abutment. This location

was chosen because it provided s suitable
bench where foundation conditions were
uniform and there was n¢ indieation of any

nevement 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 struc-
tures arc very gradual and therefore will be
stable under any conditions to which they
might be subjected.

The conduit in eross-section will be a rein-
forced conerete bloek 152 feet wide and 45
feet high with four 25-foot diameter open-
ings through it. Wall thicknesses are 10 feet
hetween barrels and eight feet outside. A
tapered section of low strength unreinforced
conerete will be placed adjacent to the sides
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-
cntial settlements. These seetions will also
reduce any draping effect which would tend
to increase the vertlcal load on the conduits

. proper.,

The control tower will be located near the
upstream end of the conduit, about 700 feet -
from the dam centreline. This tentative
location has resulted- from a compromise
between keeping it as near the inlet as
possible and minimizing the length of an
access bridge to the dam crest. The {ower
will be 50 feet by 152 feet, and will rise 210
feet above the conduits.  Tentative plans
are to provide two tractor-type gates for cach
conduit opening, 10 feet wide and 25 feet
high for both emergency and operating
seetions, -

During the preliminary planning of the
project, the possibility of using tunnels at
various-sites was considered. In order to
restrict the tunnels to an economical length,
deep approach and exit channels cut ‘into
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the shale abutment would have been neces-
sary. Although deep cuts in shale may pose
a difficult stability pioblem during both con-
struction of the dam and operation of the
reservoir, the possibility of using tunnels for

diversien is still being considered. At present -

the relative merits 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 ecconomy of the
alternatives.

Reservoir—The reservoir created by the
construction of the dam will impound
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 river
regulation. This reservoir will extend from
Saskatchewan Landing to the Coteau dam-
site, and 30 miles down the Qu’Appelle
Valley, at which point a secondary dam 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 littiec 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 crossing on the South Sask-
atchewan River will be flooded by the
reservoir,

Qu’'Appelle Valley Dam.—In selecting the
locations for a dam across the Qu’Appelle
Valley, many economie factors must be con-

tion conditions. In all, five sites have been
explored as possible embankment location,
These sites are known as the Elbow Crossing
site, C.P.R. Crossing site, Summit site,

-Ridge Creek site and the Third Meridian site.

The most important factor in selecting a
site, other than topographic and foundation
conditions, is that the further east the dam is
constructed, the greater the reservoir capa-
city of the project will be. However, there
is a limit to how far east the dam can be

- placed as beyond the Third Meridian the

Qu'Appelle Valley widens appreeiably, and
also the height of dam increases rapidly.
Another 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 in the Qu’Appelle Valley, it
is proposed to construct the embankment at
the Third Meridian site, which is considered
to be as far east as is practicable. This
embankment vill be 4300 feet long and 130
feet high. Preliminary drilling has indicated
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 railroad reloca-
tion purposes. The embankment will be 6700

feet long and 135 feet high. Provision will

be made for conduits through the embank-
ment of a. capacity, such that the depth of
water will remain very nearly the same on
both sides of thefill. Foundation conditions
appear favourable at the site of the proposed

sidered aside from topographic and founda-
I

Ny
/

embankment. Both abutments and the valley

Cy
!

S amrmon SUPE RES

SEma -




184 Royal Commission on South Saskatchewan River

bottom are composed of glacial till overlying
‘the bedrock material, Bearpaw shale. The
limited amount of drilling to date in search
of borrow materials indieates there are ample
quantltles of first class pervious and imper-
vious materials present for construection pur-
poses. Aerial photograph studies indieate
an ample supply of riprap on the vallcy
slopes adjre:nt to the site.

Hydrology—The South Saskatchewan

River receives most of its water from eight -

major tributaries, which rise on the castern
slope of the Rocky Mountains in the Prov-
ince of Alberta and the State of Montana.
This river actually starts where the Oldman
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
Lethbridge and Medicine Hat in southern
Alberta. The Red Deer River joins the main
stream at the Alberta-Saskatchewan bound-
ary, near 'mpress. The river flows from the
boundary, in an easterly direction, through
southern Saskatchewan to Elbow, then
northerly through the City of Saskatoon, to
the junction with the North Saskatchewan
River 30 miles east of the City of Prince
Albert. v

The drainage area of the river contains
about 65,500 square miles. The portion of
this area upstream from the proposed dam
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 mel:-
ing glacial ice. The snow-melt in the foot-
hills and on the prairies usually causes an
early spring flood, and larger floods oceur in
June, when run-off from snow-melt in the

mountaing is supplemented by heavy spring
rainfall.  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 hydrometriec 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 water. By allowing for the water
requirements of all the existing and planned
projects upstream, it is possible to obtain an
estimate of the water available for the pro-
ject in the future.

Fairly complete hydrometric records for
the South Saskatchewan River Kave been
kept at Medicine Hat and Saskatoon
since 1911. The average annual 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--
1916 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- mloatlomsts In order
determine the net water diversion by

/
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historical users, it is necessary to study
the operation of the following projects:

*Milk River Projéct cervessisansass United States
St. Mary-Milk River Project ........ Alberla
Leavitt Irrigation District ............ .Alberta
Mountain View Irrigation District .... -Alberta
United Irrigation District ........... Alberta
Lethbridge Northern Irrigation District  Alberta
Canada Land and Irrigation Company  Alberta
Enstern Irrigation District ,.......... Alberta
Western Irrigation District ........... Alberta
Swift Current Irrigation District ,.... Saskatchewan
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 1
Acreago, | Ultimate
Aren Irrigated
Under Acreago
Project Irrigation | Allowed
' ) 1052 for
Western Irrigation District.......... 50,000 50,000
Eastern Irrigation District.......... 200,000 281,000
Bow River (Canada Land) and Irri-
gation Co...........ooiil 50,000 240,000
Letibridge Northern Irrigation Dis-
triet.......... e et 75,000 06,135
United Irrigation District........... 21,000 34,000
Mountain View Irrigation District. .. 3,600 3,600
Leavitt Irrigation District.......... 2,500 4,400
Aetna Irrigation District............ 50 © 7,300
- 8t. Mary-Milk River River Project.. 150,000 495,000
Red Deer Project......ovovvvennnns. Planned only 350, 000
Macleod Irrigntion District.......... _ 500 5,000
Sinall Projeets(!)....ovvuvinvninnn.s. Planned only 64,000
Swift Current Irrigation Projeet, ... . 7,500 21,000
Private projects................... 50,000 70,000
610,150 1,721,400

(1) Possible small projects are:

' _ acres
CATMANZAY . oo vit i i i i ineniensennnnns 12,000
Macleod Extension.......oovvvviviininnnnen., 20, 000
Pincher Creek..vvoiviriiiii i iiineniannnnns 16,000

- Oldman projects..... N e, 16,000

64,000

*By order of the International Joint Commission in 1921,
~of the Bt. Mary River, '

Estimates of the future upstream require-
ments of these projects have been based on
the assumption of an eighteen-inch duty of
water and an 80 per cent irrigation factor,
with varying allowances for conveyance
losses and return flows. I4 has also been
assumed that the Clearwater River, 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-
wlilk River Projeet from the Milk River.

Hydro-electric 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 1I

Average Annual Flow of South Saskalchewan River
(1911-48) Ac. fi.

At
Alberta- At
Type of Flow “;({Jl‘tgl.“ Sask- Bask- Dn:}ltf;it o
atchewan] atoo.
Boundary
Recorded.......... Included | 6,947,000] 7,178,000 7,115,000
Historieal )
Canadian Use....}.......... 616,000 818,000 018,000
- Natural............ Excluded | 7,427,000] 7,610,000 7,597,000
Future
Canadian Uso....}.......... 2,140,000 2,180,000 2,165,000
Available.......... Excluded | 5,287,000/ 5,430,000 5,432,600

* Unused portion of United States share of the flow of St.
Mary River,

The water available to the South Sask.
atchewan River Project is tabulated in Table
II.  This water study indicates that the

the United Btates has the right to use a certsin portion
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average annual flow available at the damsite,
based on records from 1911-1948, is 5,432,000
acre-feet. Some consideration should be given
to the fact that upstream projects will
not be developed to the extent allowed for
“in these studies for several years, and in the
interim, all the additional water would he
available for the production of additional
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,
enough to allow beneficial use of all the flow
in the river, during all but the very high flow
years. Creating a reservoir of this size in
the prairie region would provide a source of
water which could remedy many of the
water deficiencies in the immediate area.

1. frrigation.—The primary purpose of
the project is irrigation. It is estimated that

455,000 acres of land can be irrigated by
water 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 an 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.

Topographical surveys have not been com-
pleted to the stage where all the irrigation
works can be designed. Sufficient informa-
tion is available, however, to make g 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-electric energy generated at the
damsite, to pump water from the reservoir
to irrigate lands which lie as much as 120
feet above the gravity canals, A summary
of the gravity areas, and those requiring
pump irrigation, is given in Table III.

TABLE I1I
South Saskalchewan River Project

Static Aren to be Main Canal Pumping Plants
Area Lfift Irrigated }
t acres ST Capacity Length Pump Capacity Lift
Section cfs miles No. ofs ft
~ Canal 1
1 0 69,300 Main 2,900 3.9
See A 1,360 16.2
Sece B 1,050 21.9
See C 230 105
See D 200 6-0
Canal 2
2 0 15,300 Main 2,137 16-8
’ Sec A 1,711 16.2
Sec B 1,371 76
Canal 3
3 0 11,900 Sec A 1,326 4.3
Sec B 132 6.7
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TABLE III-—Con.
South Saskatchewan River Project

Static Arca to be Main Canal Pumping Plants
Area Lift Irrigated ——
ft acres Section Capacity Length Pump Capacity Lift
. cofs miles No. cfs ft
4 0 28,800 Canal 4 - 793 16.-2
b 0 22,500 Canal 5 404 18:0
6 and 11 16 and 30 24,100 Qu'Appelle River
7 15 18,750 Canal 7 343 160 XI 340 15
8 15 7,000 Canal 8 335 10-8
8(a) 10 2,100 See A b7 390 v 100 10
i See B 100 2.7 Vi 57 16
9 0 11,900 Canal 9 245 195
Canal 10
10 18 5,000 Sec A 316 11.7
10(a) v 10,000 See B 200 8.4
. . Sec C 110 84 \' 100 18
1 Canal 12
12 39 39,600 See A 1,650 8.1 1 1,550 39
Sec B 600 24.¢ o “
13 30 11,700 | Canal 13 230 12.0 "X 260 30
Canal 10 »
14 0 10,000 Sec A L1131 | 1.3
14(a) 16 8,000 Sec B 1,000 7-2
’ - Seo C 156 3-3 VIII 160 16
‘anal 15
15 73 34,200 Sec A 130 0
See B 1,050 9.0 1I 1,150 34
Sec C 430 39
16 60 19,600 Canal 16 354 14.6 VII 3560 60
17 60 26,600 Canal 17 406 - 189 IX 450 60
18 123 33,700 Canal 18 640 45 . 11X 650 50
19 120 10,800 Canal 19 232 14 XI1 b7b -120 ‘
20 120 23,100 | Canal 20 439 18 XI1 575 120
21 120 ll,QOO Canal 21 232 21-6 VII . 200 120
Totals: Gravity ......... 179,800 30" lift .......... - 70,400 - Co120 lift ...e...., 78,600

16 lift .......... 45,760 . 60" lift .......... ~ 80,400 455,000
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“To supply waler to all of the area it will
be necessary to construct nearly 500 miles of
canals and main ditches,” and 12 pump-
ing stations, The capacily of these 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 cubic feet per second on the
smaller lateral ditches.

A soil survey, covering 1,328,800 acres of
this general region, has been completed, The
soils were classified as to their suitability for
irrigation in five soil classes. These were
designated as “very good soils”, “good soils”,
“fair soils”, “poor (doubtful) soils”, and
“very poor (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 development of the irrigation system
could be carried on at any rate which seems
desirable and practical. No water could be
made available for irrigation until the dam
has been practically completed. Thecefore,
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 reasonable program would plan to be ready
to serve all the gravity lands by the tlme the
dmn was completed. '

2. Maintenance of Lake Levels—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
during successive dry years in the past has
seriously deteriorated these resorts.

3. Urban Water Supply—The Govern-
ment of Canada has agreed to maintain levels
in Buffalo Pound Lake for a water supply for
the cities of Regina and Moose Jaw. Water
for this purpose will be obtained by pumping
from the South Saskatchewan River. This
obligation could be 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 develop-
ment, for the purpose of this section, have
been drawn from the General I“ngmeelmg
Report issued by the P.I.R.A., March, 1952.

A study of stream flow chm‘actenstlcs 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
150,000 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. Iiach 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 365 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
amounts of commercial energy will also be
available. It is estimated that 325,000,000
KWH will be produced annually, 50,000,000
KWH of which will be required 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 dam, and 69 per
cent within 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 tiver 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
Irort a la Corne .. 120-foot head
Nipawin ........ 120-foot head
Squaw .......... 50-foot head

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

125,000 HP 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 other
sites mentioned. However, the potential of
these sites would be increased to a degree
proportionate to that indicated for the Fort
a la Corne site.

The Dauphin River site and those sites
located on the Nelson River would not bene-
fit materially by this regulation because of
the large storage provided 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 periodic 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,

Pertinent Data of Dam and Reservoir

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

Fill (including dredge fill) 97,509,000 cu. yd.

Riprap ............... 702,000 cu. yd.

Concrete ..... e, - 989,010 cu. yd.

Cement .............. 1,497,000 bbls.

Reinforeing steel ...... 30,635 tons -

Structural steel and steel : |
plate ............

22,606 tons

{;‘ e
‘
|
|
t
) !
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Hydraulic

(a) Drainage Areas (Gross)

Gauging Drainage
t
Stream Station Area
Bow..........ovss Bassano.....,. 7,010 sq. mile
Oldman............. Lethbridgo....| 6,710 sq. mile
Red Deer........... Empress...,.. 18,160 8q. mile
South Saskatchewan. .| Medicine Hat. 20,600 sq. mile
South Saskatchewan..| Damsite. ... .. 48,800 sq. mile
(b) Reservoir
I Total. Aren of
— LElevation KQsorvon‘ Reservoir
Storago acres
acre-ft.
Maximum Water
Surface........... - 1,830-1 | 9,210,600 110,000
FSL................ 1,825-0 | 8,570,000 104,600
Spillway Crest....... 1,797-5 | 5,780,000 78,100
Maximum Drawdown| 1,785.0 4,700,000 68,100

(o) Recorded Flow at Saskaloon

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

Average Annual (24 yr.). . ... 7,127,000 acre-ft.
Maximum year (1915-1916) . . 14,610,000 acre-ft.
Minimum year (1940-1941). .. 3,440,000 acre-ft.
Maximum mean month (June,

1048) 0.l 69,830 c.f.5.
Minimum mean month (De-
cember, 1036)............... 997 c.f.s.
Maximum mean daily (June
6,1923)................ 131,000 c.f.s.

(d) Spilhway Design Flood Data
The spillway design flood is a synthetio flood,

400,000 c.f.5.
16 days

Peak rate, inflow to reservoir.
Duration of Flood.......... .

Total volutne of run-off. .. ... 4,000,000 aora-ft,

Pool elevation at start of flood 1,825
Maximum pool elovation
reached,............... : 1,830
Maximum spillway discharge. 260,000 c.f.8,
(e) Freeboard
Computed.................. 12.56 ft
Provided (abeve FSL). . ..... 20 ft.
(f) Outlet Works
Size of Conduits. ........... 26 ft.
Number of Conduits......... 4

General Agronomie 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
Alberta 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 Taber dis-
trict, 35 miles east, is much more successful
m the production of heat-loving crops such as
tomatoes, eucurbits, and corn. All authorities
are agreed, and- considerable experience
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TABLE 1V
Annual precipitation in inches at points in Alberta and Saskatchewan and in two irrigated
districts of the United Stales.
Years ,
Station of J F M A | My J Jy | Au 8 (o] N D | Total
Record ~ N et
Brooks,......oovviiiiinninn. (25) b7 - 50 72 ) 1031160 ) 185 02381 1.20] 1.37 05| 50 ;60 13:06
Lethbridge.................. (42) 62 67 941 1a1}2.32]2721 17 1:52 | 1-73 90 <15 1} 16-76
Medicine Hat............... (49) :72 <04 74 821 1-7412.36}1.60] 1-37( 1.25 N 09 671 13-27 -
Outlook.........o.ovvvvnnnn. (34) 04 +52 50 621 1-1312:52(1.78]1-32 1-07 65 +48 38 11.61
Saskatoon................... (46) -89 -52 <87 07 { 13912601 234 ] 1.71 {1 <42 80 <50 47 13-69
8alt Lake City (Utah)...... (40) 1-31 | 1:55 ] 2.00] 1-85] 1-94 74 +87 91 0511431 1.28 ] 1.20 16:79
Fort Collina (Colorado)...... (40) 27 041108 2-13)2-821|1-5611.04 1:32 | 162 | 1-17 49 56 | 15-20
indicates, that the Medicine Hat avea will be TABLE V

much superior to Lethbridge district for jrri-
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 Medicine 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. \

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 precipitation (May to Seplember inclusive) and
percenlage of total precipitation in the form of snow.

Percentage
— Crop Season| of Annual
Precipitation] Precipitation
Provided
by Snow
in,

Brooks.................... 8.49 20
Lethbridge................ 10-04 31
Medicine Hat............., 8.32 27
Elbow.................... 9-14 26
Outlook................... 782 a1
Saskatoon................. 0.56 31

Thus Outlook has annual rainfall of 11-61 .
compared to 13-06, 15-75 and 1327 for
Brooks, Lethbridge and Medicine Hat
respeetively. Crop season rainfall shows Out-
look with 7-82, Saskatoon with 9:55 and
Lethbridge, Medicine Hat and Brooks with
10-04, 832 and 8-49 respectively.

The figures for the average evaporation
from a free water surface for the period May
to September ‘re available for only two
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locations, viz., Lethbridge—24-60 inchec and
Saskatoon—27-69-inches."

The potential evapo-transpiration aceord-
ing to the Thornthwaite 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 Saskatoon—21-04.

Saskatoon has more annual rainfall and
more crop season rainfall hut less evapora-
tion than Outlook or Elbow. Thus from the
point of view of moisture and moistur
efficiency, Saskatoon would have less need
for irrigation than ecither Outlook or Blbow.

In summary, the Outlook-Elbow district
appears to be poorer dry farm area than
Lethbridge. Oulook has less rainfall but
also much less evapo-transpiration than
Medicine Hat. The seasonal deficiencies
of moisture (potential evapo-transpiration
minus the rainfall) for the two points are:
Outlook 1201 and Medicine Hat 13-16.

Thus Medicine Hat must be consxdered 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) in
municipalities 345, 346, 375 and 376, which
are in the proposed “irrigation ares near
Saskatoon, varied from 11:6 bu. per acre to
133 bu. with an average of 12:5 bu. The
six munieipalities near. Outlook, Nos. 283

284, 285, 313, 314 and 315 showed an aver-

age acre yield of 11:0 bu. with variation
from 10-1 to 121 bu.

* Thornthwaite, an eminent U.S. climntologlst has made use
of tho tormn “evapo-transpiration”, This numerieal value
for any given area can be calculuted from records of mean
temperature, giving duo consideration to latitude. Evapo-

Long term records indicate that the Leth-
bridge district has slightly higher yield than
cither 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 Seasen

The prevailing temperatures and the
length of the growing season exert a decided
influence on the suitability of an area for
llllg&thI‘ development, [f ample moisture
is available to good soil through uugatxon
then temperature and length of gxowmg sea-
son become the limiting factors in' erop
production.

Table VI indicates the mean monthly
temperatures during the growing season at
three points in the  Southern Alberta area
and three in the proposed irrigated area of
Saskatchewan. :

TABLE VI

Mean monthly temperatures during the growing season al
Lethbridge, Brooks and -Medicine Hat; Alberta, and at
Elbow, Outlook and Saskatoon, Saskalchewan.

Station Apr. | May | June | July | Aug, Sept. | Oect.

Brooks......... 42 | 52 [ ot | 66 | 64 | 53 | 43

Lethbridge..... 43 51 59 65 63 54 45
Medicino Hat, .| 45 55 03 69 67 56 40
Elbow......... 39 53 60 68 64 53 42
Outlook........ 38 52 60.] o7 64 53 40
Saskatoon...,,. 37 51 60 65 62 51 39

A compauson of the lnghest average dmly
maximum temperatures and the lowest aver-

transpiration is dofined as the amount of water that would
be lost from the soil to the atmosphere by ov upomtlon and
transpiration if water were continually available in optimum
quantity.
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age daily minimum temperatures shows Out-
look to be very slightly warmer than Leth-
bridge but cooler than Medicine Hat during
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-
peratures 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.’

' Growing Season and Frost Free
" Period

In Dr. Currie’s report (*) the length of
the vegetative period at various Alberta and
Soskatchewan points is set forth. The
vegetative period is defined as the num-
ber of days between the average dates when
the mean daily temperature rises to 42°F.
in the spring and falls to 42°F, in the fall.
The appropriate data for three Stations in

Table VII, also included in this table are the
median lengths of the frost free period, these

latter figures were obtained by calculation

from Dr. Currie’s report,

[ -

* The Cllmate of the South Baskatchewan Irrlgation Project, B, W, Currie, Ph.D,, Umversnty of Saskatchewan, 1949,

each_of the_two. provinces. are.reproduced in _
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TABLE VII

Number of days in the vegelalive period and the median

frost free period al Lethbridge, Brooks and Medicine
Hat in Alberta, and Elbow, Outlook, and Saskatoon
_in Saskatchewan,

Median
. Station Vegetativo | poct Free
Season Period
days days
Brooks............ e ; 187 118
Lethbridge. . .............. 189 114
Medicine Hat.............. 100 © 126
Flbow.,......... e 177
- Qutlook,.................. 173 116
Saskatoon................. 163 112

- The superiority of the Alberta over

the Saskatchewan stations in length of
vegetative season is striking, However, in
median 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 ceeur 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 temperature rises above 42°F., thus
inducing growth of common crop plants. The

-data for the-three-pertinent-stations-in each- -

of the provinces are as follows:

Alberta Saskatchewan _
Brooks ...... 2655 Outlook ..... 2505 -
‘Lethbridge .. 2590 Elbow ...,... 2660

Medxcme Hat 3342 é,askatoon . 2231
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Thus Outlook and Elbow compare favour-
ably with-Lethbridge which is a fair irrigated
area. Once again the superiority of Medicine
Hat is striking. Saske.oon has a decidedly
lower number of heat units, even lower than
Cardston in Alberta. Some small irrigation
projects near Cardston have not proved to

be well adapted to irrigated crop production..

Hours of Sml,shinc

The possible hours of sunshine during the
summer months increase as the latitude
increases. Thus Saskatoon has a possible
total of 2313 hours of sunshine from May to
Sceptember, whereas Lethbridge has a pos-
sible total of 2271. However, Lethbridge has
reccived a long term average of 1386 hours
for the period and Saskatoon has received an
average of 1332, Dr. Currie has pointed out

- that the carlier onset of spring rains in

Alberta brings about more cloud cover to
this area in May and June than oceurs in the
Saskatchewan area.

In final summary with regard to tempera-
ture and frost free period, it would appear
that the Elbow-Outlook area would be a*
least equally as suitable as the Lethbridge
arca, but inferior to the Medicine Hat dis-
trict. The area around Saskatoon must be
considered as somewhat inferior to the
immediate environs of Lethbridge.

Soils.—The 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 were:’

Sci. Agr. 30: 164-171, 1950.

blue grama grass, spear grass, western whe:
grass, pasture sage, northern wheat gras
rough fescue, sedges, rose bushes and bucl
brush, : o :

These dark brown' soils are generally
high fertility and regularly produce goa
yields of grain when rainfall is ample,

The -soil survey conducted by Moss et ¢
has rated the soils as to their suitability fc
irrigation. " 'This rating follows the method
outlined by Bowser and Moss.* )

Teature.—The texture of the soil is gener

‘ally quite satisfactory for irrigation, Les

than six'per cent of the total land is classifie
as clay. About 80 per cent of the propose:
irrigated land is included in the texturs
classes, Fine Sandy Loam, Sandy  Loan

~ Loam, Silt Loain, Silty Clay Loam an

Clay Loam,

Topography.—A very large proportion o
the proposed irrigated land exhibits nearly
level, gently undulating to moderately
undulating topography. There are also som:
areas with rolling topography but these ha

- presently been considered unsuitable for irri.

gation along with sand dune areds, poorly
drained depressional arecs, and the cut-uy
lands adjacent to the streams and couleer,
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 generally quite
deep, seldom above 20 feet. In the course of
the soil surv2y 80 horings were made to study
the permeability of the lower soil strata. A
stratun of Tower permeability was frequently
encounterci. below the depth of 12 feet
although in two cases such a layer w3

* A Soil Ratmg and Clnssiﬁéatiorl for Irrigation Lands in Western Canada—W. Xarl Bowser and H. C. Moss.
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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 profle, Gen-

erally these salts are below a depth of 18
inches and are not of high concentration,
generally well below one per cent in the upper
three feet of soil, usually entnely ahsent in
the upper two feet,

Marshall and Paliner (*) have reported on

salt movement in an mlgated solonetz soil
in Alberta. After 20 years of ¢ cropping the
erneentration of salts was generally reduced
throughout the pxoﬁle -nd there was appar-
ently a gradual downweid movement. The
soils successfully produced crops for the 20-
ye@r period discussed (1917-37) and are cur-
r.ily (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.” WNone of the analyses quoted in the
Soil Survey report of the Saskatehewan soils
is as high in concentration of soluble zalts
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 irrigated
area, Normal care must include discreet

* Marahall, J. B, and A. E. Palmer.
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locatmn of canals and surface dramage :
ditches to prevent, seepage and a rising
water table, both of which tend to bring the
alkali salts to the surface layers where they
will limit crop production.

General Appraisal of Soils.—After con-
sidering soil texture, topography, alkali salt

~content, degree of stoniness, and degree of

wind and water erosion, Moss ¢t al indicate
in the Soil Survey report that 25 per cent of
the 450,000 acres which are suitable for iri-
gation is of Grade l—very good irrigated
land; 83 per cent is classified as Grade
2—good irrigated soil, and 22 per cent is
Grade 3 or fair irrigated land."

The ‘climate and soils of the proposed
South Saskatchewan River area seem Svii-
able for irrigation development. The need
for irrigation and the probable succe.s of it
is greater in the southern portion of the area
(near Elbow and Outlook) than in the north-
ern segment (near Saskatoon). Experience -
in Alberta and elsewhere indicates that irri-
gation farming is rarcly successful in areas
where natural rainfall is sufficient, to permit
fair crop production.. This fact would seem
to urge caution in the extension of irrigation
northward into the parkland belt.

In the Elbow-Outlook area it appears that
irrigation could be established on a sound
agronomlc basis. The 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 economu‘ and sociological con-
siderations. : ‘

. Changes in th. nature and position of the soluble salts in certain Alberta
soils after twent) years of lrngatlon, Bei. Agr. 19: 271-278, 1939, g

L



eReS—
—_—

_ o \
196 . Royal Commission on South Saskatchewan River

i
¥
H

Waier Supply*

The purpom\of the outh Saskatchewan
River. Project is to irrigate an estimated
454,700 acres of land in Central Saskatch-
ewan by constructing a dam across the South
‘Saskatchewan River near Outlook. Associated
with the plans for irrigation, it is proposed
to develop hydro-electric power of which a
part would 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 Com-
mission is requested to ascertain whether the
economic and social returns are commen-
surate with the cost thereof,

Review of Physical and Economic Features
‘.

\

. L .

The economic feasibility of the proposed
project depends upon various conditions and
factors which may be briefly summarized as
follows: . - g

(a) The need for irrigation of the lands
for increased crop production as com-
pared with crops grown under the
existing dry farming practice.

(b) The suitability of the soils for
good crop production under irrigation

within the limits imposed by elimatic -

conditions.
(c¢) The topographic featuies with respect
to roughness, steep or flat slopes

which will permit irrigating the land

by practical and economical methods.
(d) The volume and rate of flow of water
with attending unavoidable losses,

. required for irrigation.and power for
pumping and other uses in relahon
to the available supply.

From 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 isalso apparent that a supply of water

domestic uses would meet an urgent

‘need in municipalities and towns, and that

power production would enhance domestic
and industrial uses within limits of its

- economic production.

The largest and most costly part of the

- proposed project is the dam, the location of

which is fixed by topography along. the
Saskatchewan River and by the geolo;,ical
formations necessary to the security of ¢

very large dam. Aside from the dam thexe.
remains the cost of main and branch canals,

- lateral distributary systems with appurtenant

structures and,.in this case, provisions for
a large amount of mechanical equipment for
pumping water.

Irrigation Requirements

The volume of water supply and rate of
flow for irrigation is based on certain defin-
able but varying factors. The variations are
the result of climate as influenced by tem-
perature, length of growing season and
rainfall; by soil condition; by kind of crops
grown, and the average results of unregi-

‘mented farm operations as. related to land

preparation; time of planting crops, and the
efﬁcxency of md1v1dual farm management.

* This =cct'on was prepared as a memorandum respecting requirements and water supply by D. W. Hays.
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The effect of these many influences on irriga-
tion requirements is not definitely predict-
able. The most influential factor is the
volume and date of occurrence. of rainfall.

In wet years little or no irrigation is required:

whereas in dry years an abundant supply of
water is needed. If a project is to be success-
ful, the size of irrigation works and water
requirements must be based on a reasonable
assurance of fulfilment in dry years, not the
driest year, but for a period of average dry
years. Conversely, it i3 equally important
that large and cxpensive works should not be
built if years of sufficient to ample rainfall
for crop growth wiil preclude continued
practical irrigation.

Before proceedmg to a review of the use

~of water, it is perhaps pertinent to the prob-
lem to give a brief deseription 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 irrigated”in one irrigation
season. It will vary 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 summer-fallowed or left idle.

Duty of Water

This represents the quantity of water in
depth on the land needed to produce the
optimum growth of crops. It is legally fixed

. for administrative purposes by the “Irriga-

tlon Act” and “Water Resources Acts” at

5 feet depth on the land and is expressed
nb 1-5 acre feet for the irrigation scason -
May 1 to September 30. The Duty 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. '

Irriéaﬁon Period, Depth of Application
and Ditch Head

These factors are inter-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-
ticularly during stages of early farming
practice. It may be reduced to 4 inches for
well-prepared land and the method used for
irrigating.

“The length of irrigation period depends on
the rate of flow of water supply or “ditch
head”.

These factors all combine to provide suffi-
cient depth of irrigation within a period f
from 12 to 20 days which will' preclude
deterioration and unequal growth of crops in
a farm unit, and also prevent unnecessary
waste  of the il'l‘igatbl’s time. The usual
request for water varies from 2:0 to 3-5 c.fs.
Too small a flow results in over-soaking land
near the source of supply and inability to
spread water. Too 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
irrigator about which he 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, particularly 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 Factor

This is the aggregate of all ditch 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 dry year. If the maximum is assumed at
100% then the maximum canal supply, in
theory, could be determined as follows: -

Assume an area (A) of 5000 acres. _

that the irrigation factor (L.1) is 80% ;
- that the average depth of irrigation (d)
15 0-5 feet to be supplied in a period (p)
of 16 days during a dry year of maxi-
mum use of water at 100%, then:—

(A) 5,000 acres X LF.80¢, x (d) 0-5;:’@_(_)_;62'5cf
(r} 16 days X 2 (to reduce toc.fs.) 32 8

Since, however, none of the above factors
is definitely predictable, an- over-all factor
based\on known conditions of flow in
operated projects may supply the best
answer.

LS

Flow Ratio

This is a ratio expressed as that part of
the gross irrigable area which could be sup-

plied by 1'e.f:5. In the above case it would be

%%—?:l cfs. to 80 acres gross irrigable area.’

The use of this rati\o is a convenient and
practical method fdr determining the
required size of main a"pd branch canals. It
is applicable to areas of sufficient size, 5,000
acres or more, to provide for average condi-
tions for a number of farm units,

Scepage‘

Additiona! capacity must be made in all
irrigation works to provide for seepage losses
in the course of transportation of water from
source of supply to the point of furthermost
delivery. Seepege losses vary with soil tex-
ture. In theory, for canals in prairie soils,
it is frequently estimated at 6 c.fs. 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
Serviee.  No reliable information is available
for canals operated in Canada,

Evaporation from reservoirs in the open
prairie may be assumed at 25 feet depth per
year varying from practically nothing in
winter months to a maximum during July
and August. Long days, high temperatures
and dry winds increase evaporation losses.—

It is perhaps -pertinent to say that no
branch of engineering work for which laige
amounts of money are spent, is subject to
so many variable and unpredictable factors.

-In face of these conditions some of the large

irrigation projects in Alberta were first built
undersize as evidenced by enlargements made
since the original construttion. The possible
exception lies in erroneous early judgment
of the sustained need for irrigation wherein
rainfall in excess of early expectations
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resulted in sporadic use of irrigation and the

utimate conversion of the project largely to
the needs for stock water. In these respeets

- a fine line of demarecation 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 nngatxon
project or part thereof depends 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.

Review of Use of Water in Large Projects

The first large irrigation project in anada

was started about 1910. In the following
few years three more large projects were
under construction by private companies.
In the early 1920’s several irrigation districts
were formed and works built, E;\'cept for
small project extensions no new irrigation
developments were undertaken until the
starting of work in recent years b) the
P.FR.A.

These older projects provide a history of
irrigation developments in Canada and some
measure 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 1a, 1b, ete. attached.

Table No. 1 is a summary of the averagc
factors for the ten-year period.

- Yariation of Factors

The principal reason for differences in

- the foregoing summary is due to a common

and convenient practice in some pl‘O]CCtS of
turmng more water into the main supply
canal than is actually needed for crops, ex-
cept possibly at maximum demand, and
allowmg the excess water to return to the
rivers as waste water. Some variations
oceur 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 conditions and kind of crops.
The Eastern Irrigation District, Schedule
la, includes the irrigation of summer-fallow
as a part of the irrigated area although water
supplied is probably less than required for
the cropped area. The area has been de-
ducted in the summary in relation to Irriga-
tion I'actor to correspond with other projeets.
If the quantity of water used for summer-
fallow were deducted, the Duty of Water for
the cropped area would be higher, The
I'low Ratio as shown is very high, being
based un the diversion of 2600 c.f.s. from
the wiver plus diversion from four reservoirs
and therefore includes reservoir storage
served to the lands under them., The Manager
states:
“If the farmer will irrigate early, before 'thc
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. We try to give each
man 2 cfs. for cach irrigation head during peak
deliveries, allowing for topog raphy of the area in
which he lives.
‘The extensive distance of most all farm lands
from our intake supply necessitates us keeping a
constant stream in our canals and filling our reses-

voirs in anticipation of irrigation demands that could
reach an intense peak in 36 to 48 howrs. Quite often



)
[l
o
TABLE NO. 1
Use of Water in Large Irrigation Projects Operated in Alberta
Irrigation Factors Duty of Water Flow Ratio ]! Miscellaneous Data =
l.c.f.s. to gross irrg. area Q
v Proi Aver. Deoth | Ditehs No. Irrigations ‘é
*ear . St.M]C.L. - |St.M[C.L. Ly [St-M|C.L. | Troiect g Dept ite ~
E.LD. | LN "0 and | ELD. | LN ana | and E.LD. | LN ["and | 2nd units per head . | Hay Can- ®
L.D. . ®. [I. Co. L.D- I\ R.I Co. LD . RL. Co. scres | Il | eds. [Grain) and | Beets| jjpy G
. .Past. .
3
1941 8£:2175-675 69-5 1.38/1-538}11-1911-05 41 §2] 118 68 | EI.D.....| 140 6 in. 2to3 2 20, 3} ol
@
1642 88-8 1 35-1145 69-7 0-7611-78 1 1.22 <82 50 115} 137 94t L.LN.I.D...| 160 6 «“ 2 2 2 3 3 S'
: &
1943| 70-0| 81-7188 72-2 1-87 1 1:8511-33|1-18 A 1131 104 81 | St. M. and . o
. M.R...... 110-120/ 6 “  [2t03 2 3 3 2 8
1944 83-8|93-2 180 718 1.47 1 1-60 | 1-33 ! 1-11 43 128§ 121 105] C.-L. and : wn
I.Co.....|120 6" to 4’1 210 3-5 2 b R R g
i¥5{ 82-0{70-6{75 68-9 1.29 [ 1-48{ 1-161 1-09 40 5 112 S1 = E-:
Length of irrigation period for Grain and g’
1946 87-7185-2{90 {755 1-30 { 1-47 { 1-36 | 1-07 | = 40 98| 107 i02 Hay varies according to size of ditch head 2 |
from 12 to 23 days for 160 acres. = |
1947 85-7 1 72-31|85 78-1 1-13 ) 1-34|1-13{ -90: 42 96 | 104 82 Irrigation of any erop will approximate a }
4 acres for each 1 c.f.s. of ditch head. o - 3
1948} 83-6}73-035 747 92 71-10 1-22 88 42 105§ 134 80 8\‘ '
1949) 88-1)90-4 80 76-7 1-5911-588| 1-1811-35 43 102 | 117 73 §
1950 84-7196-5 | 80 74-6 1-25 1.36 11251 1.08 46 111 08 76 B ;
Mean! 83-8(77-8|73-3|73-2 1-.27 | 1-51{1.24]1.05 42 104 | 115 84 s
| g 1
= :
Nores: “ Flow Ratio—E.I.D. not comparable with other projects as it includes -
Irrigation Factors—ezclude Summer-fallow. : total water diverted from Bassano Dam plus draft from four reservoirs - :
Duty of Water—E.I.D. includes irrigation of summerfallowed land. without reference to reservoir inflow from Dam versus outfow of §;
L.N.I.D. includes seepage in canal and excess water. reservaoir. &
St. M. & M. R. includes scepage and is short of water in some years. St. M. & M. R. to some extent may have low supply due to shortage
C.L. & I. Co. shows net delivery to land . ) of water. C. L. & I. Co. limited by canal size and could have used

larger flow in some years.




. b
SN et

The South .Saskatchewan River Project ) 201

an unexpected heavy rain forees us to spill water in
the Bow or Red Rivers, During the customary
three weeks' irrigation period, there is no extra water
in our District and no water being spilled in any
of our divisions.”

“'he Lethbridge Northern Irrigation Dis-
trict operates on the principle of diverting
more water than needed for crops with sur-
plus water returned to the river of which a
part, however, may be used on a rental basis,

The St. Mary and 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 construection of
the St. Mary dam. There has been a ten-
dency to irrigate early in anticipation of a
shortage later in the season. _

The Canada Land & Irrigation Co. Ltd.
was under gradual and continued enlarge-
ments of its main canal with capacity barely
sufficient to meet demands. 'There were no
provisions for taking care of excess water,
hence the operation of the canal was closely
adjusted to actual crop needs with daily
inspections at farm headgates. The data is
therefore not comparable with projects
where a surplus of water could be diverted.
The crops in this project were largely grain
with limited areas of hay and pasture crops.

Yor the Western Irrigation District (not
shown in Table No. 1) the Manager states:

“Since the District was formed in 1944 there
has been very little record of the irrigating done
in the project. The farmers are largely wheat
growers and do not wish to irrigate, but there is a
tendency to go into livestock raising and mixed

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

grown without irtigation and irrigation is largely -

just an insurance against crop failure from drought.”

The projeet has been in operation over 30
years and is still in a prospective stage in
relation to irrigation needs as a result of
borderline  climatic  conditions and the
farmer’s attitude toward irrigation where
average rainfall will produce fair to good
grain erops in most of the years.

Proportionate Use of Water
in the Irrigation Season

Data to show the proportionate use of
water during the irrigation scason will vary
with the seasons and kind of Crops grown.
Where grain is the major crop, large quanti-
ties are required, usually in the period 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 summer and fall. .

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

In the case of the South Saskatchew:un
River Project with a large reservoir planned
for immediate and direct supply of water,
the proportionate use of irrigation in the
limited time of maximum demands will have
little general effect on the reservoir supply,
except in the matter of reservoir evapora-
tion.

It is generally agreed that the maximum
demands oceur within a thirty-day period,
June 15 to July 15, with variations in the
succeeding months according to character
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of crops. In order. to correlate irrigation
demands with the conventional records of
stream flow and power load factors, the

requirements for irrigation are herein ad
Justed to calendar months, ,
A summary of data obtained is as follows

Percentage ¢ Use of Water by Months

- April May
{ethbridge Ex. Station................0...... .. 10
St. Mary’s and®Milk River............ . 03 17
CL.&LCo.(a)e.vvvouen o 390
CL&LCo(b)evvevooioi 5:

June July Aug, Sept. Oct,

Total

‘ %
20 30 20 10 10 160
19 24 16 12 09 100

410 47.2 3:9 1-1 29 100
32:2 8.5 10-0 6:5 75 100

(a) Delivery of water at farmn unit headgates at Vauxhall.

(b) Flow of water at Drop No. 3 on Main Canal 20 miles above District and includes seepage to headgates and
flow for summerflow and stock water in months August to October,

The records of the Lethbridge Ixperi-
mental Station relate to use of water on a
variety of crops grown and irrigated under
-areful supervision,

Records for the St. Mary and Milk River
Project, years 1941 to 1950, are measure-
ments at farm unit headgates for grain, hay,
pasture and vegetable crops, and reflect the
use of water for the latter crops in August
and September. Early irrigations in April
and relatively large amounts in May are
partly attributed to the practice of farmeors
to irrigate when water is available in antiei-
pation of a shortage of water later in the
season which has « wrred during the past
for this Project. I, uding this condition.
it is probable that les: water would be used
in May and more in June.

In the Canada Land & Irvigation Com-

pany Project at Vauxhall, where grain is the
major crop, irrigation reaches 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 sum-
mer-fallow land. '

Early irrigation in May is largely for
alfalfa and pasture. Grain crops are not
usually planted and ready for irrigation
before the latter part of May. Except where
re¢uired for germinating seed, it is not prac-
tical to irrigate grain before the grain is well
sprouted in order to avoid washing the soil
surface and channelling in the process of
irrigation,

Estimated Usc of Water for
South Saskatchewan River Project

The use of water as related to gl] irriga-
tion factors must he predieated on an esti-
mate of future development in the proposed
project. _

Like all projeets, it is probable that agri-
culture under irrigation for some time will
be confined to growing grain with gradual
transition, in part, to hay and pasture for
growing and fattening livestock with some
areas in vegetable erops. 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 & very large
increase in Canada’s population and im-
proved market facilities,

With respect to various factors the follow-
Ing suggestions are made:—

Irrigation Factor /

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

Duty of Water

For actual use on grain crops it is prob-
able that a “Duty of Water” of 1:3 feet
would 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
summer and fall irrigations, the Duty of
Water will inerease. Taken together it is
estimated that 1+5 acre feet may be required
in average dry years.

Depth of application, period of use and
diteh head are factors relative to size of
lateral works required by farmers to irrigate
crops without loss or waste of the irrigator’s
time. Provision should be made to deliver
3 cfs. to each farm unit subject to prob-
able demands on the lateral system varying
rYom 100 per cent for one farm unit to 70
{)er cent for an area up to 5,000 acres. This
will provide for some leeway in ditch capa-
city for one lateral ditch system in relation
to the average for several lateral ditch sys-
fems to be supplied by the main canal.

Percentage of Use during Irrigation Season

There will be some variations in the per-
centage of use of water by calendar months
according to crops grown., It is anticipated
for the South Saskatchewan River Projeet
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 | June | July | Aug. | Sept. | Oct. | Total

%0
10 30 30 16 10 5 | 100

Small variations in percentage by months
will not affect the reservoir supply except
for minor changes in evaporation.

I'low Ratio

Regardless of any or all factors per-
taining to irrigation, if the size of works
will meet peak demands, then all other con
ditions can be fulfilled limited only by the
available reservoir supply. Referring to
flow ratios for operated projects, as shown
by Table 1, it is suggested that 1 c.f.s. net
delivered at farm unit headgates to 90 acres
gross irrigable area should meet require-
ments. To the maximum rate of flow so
determined provision must be made for
seepage for which 6 e.f.s. per million square

~ feet of wetted area is suggested.
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Power Requirements

Power is required for pumping water from
15 to 120 feet above gravity supply level
for approximately 307,000 acres. For this
purpose average monthly requirements for
power will approximate 25,000 H.P. during
June and July. The remaining available
water supply in the reservoir may be used
for commerecial power for which average
monthly load factors as a percentage of
peak loads in December, typical of operated
plants, is estimated as follows:— . ‘

November 54¢  March .. 40%' July ... 43¢,

December 58¢ April ... 449 August .. 45
January  50¢% May .... 43¢%  Scptember 48¢
February 499 June ... 43%  October . 519

Relation of Water Requirements
to Water Supply

Table No. 2 attached shows available.

~water supply i South Saskatchewan River
for a period of 24 years which include seven
suceessive years, 1934-35 to 1940-41, when
the flow of water averaged less than any
other corresponding period of record. The
flow is taken from data compiled by the
Praivie Provinece Water Board, Report
No. 3. dated alarch, 1951, showing flow of
South  Saskatchewan River at boundary
after Alberta’s request for Red Deer and
small Irrigation (with Clearwater diversion)
Condition B.

Table No. 3 is an estimate of water
required for 454,700 acres at 80 per cent LF.
plus estimated seepage losses at 60 per cent
from reservoir to land served. The estimated
seepage 1S & mere guess pen(hng data on the
length and size of supply canals.

Table No. 4 shows estimated averagc
power per month required to pump watcl
for the areas of land to be served by pumps
with estimated seepage losses reduced to 4
per cent to provide for that part of the canal
losses from pumps to lands served. The
quantity of water required for irrigation as
per Table No. 4 is provided for in the
estlmates as per Table No. 3.

Tables Nos. 5a, 5b, ete. These Tables show
the effect on the reservoir with dam in the
Qu'Appelle Valley at Elbow for scven
successive years in the relation of available
reservoir supply 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 within
the limits of the available power head
between the maximum water surface cleva-

ion of the reservoir and the required supply

level of water in the canal for irrigation.
The maximum elevation of water surface in
the reservoir is Il. 1825, the full supply level
of the canal Tl 1800, and the bed of the
canal Kl. 17875 ,
Preliminary trials have been made to
ascertain whether or not the water supply
in the reservoir, during the eycle of dry years
1933 to 1940, would provide for irrigation,
pumping and the typical commercial power
loads for a plant of 15(,000 I.P. Another

trial was made for a plant capacity of

120,000 H.P. In both eases the available
water supply from the reservoir was insuffi-
cient to an extent that the reservoir draw-
down depleted the water surface in the
reservoir below the required elevation to
supply the canal,
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TABLL NO. 2

Showing flow of South Saskalchewan river ol boundary after Alberta’s request, Red Déer and small I rrigation
(with Clearweter Diversion) condition B, as shown by rerords by Prai-ie Province Waler Board Report No. 3,
dated Mearch 1951, Teble 27

Vv, : - . Totals Totals ;;
Years Nov. | Deec. Jan. ¥eb. | March | April | May June July Aug. | Sept. | Oct. %II:)SS Ac. Ft. !
|
192324 . 4,671 3,817 | 3,646 | 4,072 3,062 1,259 7,497 | 13,506 7,586 | 9,531 4,558 | 3,603 67,708 4.(062.480 i
24-25......... [ +,363 | 4,095 1 3,908 | 4,250 | 8,44 13,527 | 11,602 | 14,614 | 6,767 | 7.330 | 7,750 | 9,242 95,983 5,758,980
2526 6,005 | 4,676 | 4,064 | 4,026 9, 280 7,285 2,100 | 4,939 | 5,673 3,771 { 20,080 | 13,894 85,793 5,147,580 ~3
26-27. e "T,793 | 5,352 | 4,622 | 4,473 | 6,365 13,836 | 16.S7% | 39,008 |. 21,417 | 15,381 | 17,747 | 10,800 163,672 9,820,326 . g
2728 - 6,504 | 5,425 | 8,429 | 5,738 | 13,203 | 9,632 | 12,739 | 36,512 30,023 | 7,264 | 5,211 | 5,942 | 146,712 8,802,720 g)
2820, . 5,620 | 4,060 | 4.614 | 4,140 6,712 3,041 8,894 | 24,053 1,859 1,621 1,831 3,723 70,438 4,226,280 §..
29-30.. .. 4,025 | L,325( 3,879 6,438 6,012 5,850 6,946 7,830 | 6,080 1,982 2,288 4,278‘ 59,935 3,596,100 w
3031, 4,285 -4,432 4,048 | 3,811 3,831 2,623 1,495 ) 3,416 12,144 1,039 | 2,064 1 4,601 37,242 2,234,520 ;
31-32. 3,630 | 2,329 | 3,443 | 3,486 | 4,686 5,004 | §,303 | 29,007 i T4AT2 ] 2,304 | 4,560 | 4,025 79,629 4,777,740 a
32-33 i 4,525 | 4,277 | 3,913 3,993 | 4,819 | 4,265 18,552 | 16,120 I 3,667 1,105 1,804 | 2,820 71,860 4,311,600 %"
. , -~
3334 e 6228 | 4,866 | 4,941 5,321 4,699 6.496 | 14,800 | 16,406 | 2,836 T98 1,601 4,491 73,543 4,412,580 §
3435 6,102 | 4,185 | 4,356 | 5,28 4,794 5,338 | 4,465 | 9,553 | 8,155 6.733. 2,486 { 3,668 65,121 3,907,260 ;
3536t e 3,032 | 3,547 | 3,114 3.4901 6,510 | 10,696 | 5,853 | 7,200 1,033 1,016 1,313 | 2,465 50,260 3,015,600 E’
36-37 e 3,193 | 2,552 | 2,738 3,106 | 3,982 3,533 | 1,697 9,168 | 1,439 1,005 { 1,857 | 3,437 37,710 2,262,600 Sl'
338 4,587 | 4,452 4,201 3,045 | 5,734 6,891 9,394 | 13,076 | 9,221 3,461 4,527 | 4,679 73,868 4,432,080 :G '
38-39. . 4,525 1 4,115 3,647 ‘ 3,384 5,549 3,822 | 2,806 | 12,001 6,485 1,529 | 2,367 } 3,533 53,868 3,232,080 .?‘:5‘
3040, 4,326 | 3,578 3,574 1 3,539 | 5,483 8,582 | 8,203 | 3,804 | 2,456 2,148 | 3,7 5,495 56,061 3,363,660 A
40-41.......c....... PR 4,977 | 4,120 3.63 3,809 5,087 | 3,862, 1,600 2,447 2,031 1,34 3.206 | 35,038 42,040 2,522, 400
4142, 4,415 3,762 1 3,004 1 3,221 3,892 1 3,672 I 15,193 | 23,041 | 19,866 | 11,728 | 9,004 | 6,712 108,040 6,482,400
4243 4,919 3,956 | 3,815 | 4,348 6,755 | 21,050 | 5,208 | 14,360 | 12,142 | 3,853 | 1,782 | 3,259 85,926 5,155,560
43—44 ..................... 3,647 | 3,806 | 3,740 ] 3,636 | 3,585 | 2,349 251 7,164 | 5,166 | 7,452 | 3,167 | 2,813 46.776 2,806, 560
M-45. . 3,523 | 3,659 | 35,431 3,486 | 5,467 | 2,365 6,182 | 19,401 8,421 3,160 | 4,624 | 6,351 70,080 4,204,800
45-46........ SO 4,192 | 4,520 | 4,443 4,024 T.032 6,670 | 5,389 | 19,989 | 8,748 ! 2,412 | 6,909 | 5,588 79,919 4,795,140
4647 e 5,049 5,185 | 4,640 | 5,630 | 13,585 | 13,770 | 17,023 | 17,228 | 10.010 | 4,676 6,706 | 10,005 113,295 6,797,7
47-48.......... e 6,977 | 4,530 | 4,207 3,983 ) 6,261 25,338 | 45,653 | 45,038 | 12,496 { 10,736 | 3,470 |........ 175,679 | 10,540,740 g
! (23




ES——

206 . Royal Commission. on South Saskatchewan River

TABI.E No. 3

Estimaled waler for 464,700 acres at 80% 1.F. plus estimaled seepage losses al 609 from reservoir {r land

Net ;
Pump | Area— |- Area T ) Totals
_ Lift | Aores MISIQ% May | June July Aug. | Sept. | Oct. | Totals ac. [t

Percentago of Use............ R PR A NN veend| 109% 30% 30% 15% 10% 5% | 1009,
Depth per acroon land—ft.......[....... oo, ‘15 45 45 +225 -15 -075) 1-5ad.
Assumed Lossesat 60%..........[........0........1........ <09 .27 27 135 09 -045] -0 af.

Total depth peracre...........l...ooo oo oo, -24 72 <72 36 24 12 | 2.4 ad.
Water Requiremenls— .

To land by gravity, Div.1to 5]........ 147,700 (118,160 4731 1,418 1,418 - 709 473 287 | 4,778 | 286,680
To be Pum ped— ' : ’ \ )

Divs. 6,7 and 8 15’ | 42,850 | 34,250 137 411 411 200 137 69| 1,371 82,260

Divs, 0tol4.................. 30" 106,150 | 84,920 340 1,019 1,019 510 340 170 | 3,308 | 203,880

Dive. 15t 17,0l 60’ | 79,400 | 63,520 2564 762 702 381 254 127 | 2,510 | 152,400

Divs.18to21...........c.vus 120" | 78,600 | 62,850 251 755 755 378 251 125 | 2,515 | 150,900
Totals to lands to bie pumped.. .. 307,000 {245,600 082 | 2,947 2,047 1,475 082 491 0,824 | 589,440
" Totals—All Lands............ 454,700 1,455 | 4,365 | 4,365 | 2,184 1.455 778 | 14,602 | 876,120

'.[‘ABLE N(). 4

Estimated I.P. required lo pump water for 307,000 acres at §0% 1.1, plua estimated secpage al 40% from
site of pump to land assuming pump efficiency at 76% and transmission al 909, ¢f.

Net
Pump | Area— | Area R . Totnls
. Litt Acres “580% May June July Aug. | Sept. Oct. | Totals ac. ft.
N 0N )
Percentage of Use..............|oeee ool 10% 309, 309, 15% 10% 5% | 1009,
Depth per acreonland-—ft.....[........0........ Lo ... -16 4k 45 -225 16 <0751-50 a1,
Assumed Lossat 4095, ..o oveven o oo oo <06 .18 -18 <09 06 <03 | -60a.l.
Total depth per acre.........f.....o oo -21 X} 03 »315 21 105[2-10 a.f
Waler to be pumped—
Dive., 6,7and8............. 15 1 4,850 | 34,280 120 360 300 180 120 601 1,200 72,000
Divs. 0tolinel,.......... . 30’ 106,150 | 84,920 297 892 802 446 207 148 | 2,072 178,320
Divs, 15 to 17incl........... 60’ | 79,400 ] 63,520 222 666 656 333 222 H1t 2,220 133,200
Divs. 18 to 2Ll inel........... 120° | 78,600 | 62,880 220 660 660 330 220 110} 2,.00 132,000
Totals......coovvivvvvn. ... 307,000 {245,600 850 ] 2,578 | 2,578 | 1,289 ) 420 ] 8,592 515,620
Dive.6, 7Tand 8.............. 16 303 008 908 454 303 151 | -3,027
Dive.8tol4................ 30" L. 1,498 95 | 4,405 | 2,247 1 1,408 749 | 14,082
Diva, 15to17............... i PETTDUNEN P 2,240 6,720 | 6,720 | 3,360 { 2,240 | 1,120 | 22,400
Divs. 18to21............... ) .41 M PO DU 4,440 { 13,320 13,320 | 6,600 [ 4,440 | 2,220 | 44,100
Total H.P.(@).oc.vvvvn ] foveiii]ovnnns, 8,481 | 25,443 | 25,443 | 12,721 | 8,481 | 4,24G [84,800=]45,552.600
: KW Hrs
(n) H.P. at Power Plant - e.fs. x h = cfs8.xh
V75 x 90 5.047



TABLE No. 53—1933-34
Service of Cotecu reservoir for irrigelion of 454,700 acres and waler required for 1.¢.ccr o pump waler for 307,000
acres plus commercial power up to 6 mazimum of 109,600 H.P. plant »
H.P. | Mican | Draf 4 Draft for Irrigation Evaporation - Total | Inflow Reservoir | Bal. in
Load |[produced Head for draft | 1933- reser-
Month | factor | outof |[H.P. x ill (h) power | Toland | Tor Total Mean | Rate |Equi.] sum of 34 Net ] "Net |[voir.end|Waste
% 100,600 it c.i.s. | Table 3 |pumping| for area per |cds.] 5,8 c.f.s. [stored| draft | of Mo.
H.P cls. [Table4| irrig. acres mo. and 11 cfs. | cls. | cis.
1 2 4 5 0 7 9 10 11 o112 13 14 15 16 17
Nove b oo i i i 50, 000
Nov. &4 54,000 564.000 178-C B VA DS AP S 96,200 |......]...... 3,337 6,228 | 2,891 {....... 52,891
Deec. 58 38,0060 638,000 178-5 b3 Y1- 3N U OIS N 96,700 |......|...... 3,574 4,866 § 1,282 1....... ,183
Jan. 50 { 50,000 @ 550,000 179-0 | 3,072 f.. ..o b 97,400 |...... oot 3,072 1 4,041 11,869 |....... 56,052
Feb. 49 49,000 538,000 180-5 ) 2,886 f....voou e, 99, 000 -10 i 166 | 3,152 5,321 | 2,169 |....... 58,221
Mar. 46 46,000 506,000 181-5 2,799 e 129,100 151 250 2 (49 4,609 | 1,650 |....... 59,871
Apr. 44 44,000 | - 484,000 183,5 2637 | 102, 500 26 ! 342 2,979 6,496 | 3,2 7 |....... 63,388
May 4 43,000 473,000 185-0 2,556 1,455 50+ 1,959 104,000 [ 433 4,948 | 14,800 { 3,279 |....... ,667 | 6,573
June 43 43,00C ¢ 472,000 185-0 ;. 2,556 4,365 1,512 5.877 104,000 v 520 8.953 1 16,406 |.......0....... ,667 | 7,453
July 43 ' 43,000 473,000 184-0 2,571 4,365 1,521 5,886 163, 000 -50 | 858 9,315 2,396 {....... 6,419 | 60,248
Aug. 45 45,000 205,000 180-0 2,750 2,184 T 2,961 93,500 -30 821 6,532 T8 f....... 3,7 &4, 214
Sent. 48 48,000 528,000 177-0 2,933 1,455 227 1,982 95,000 =30 | 475 5,440 1,601 [....... 3,839 | 50,675
Oct. 5N 51,000 561,000 177-6 3,170 73S 263 1,041 35,000 220 | 316 4,527 4,490 {....... 36 | 50,639 .
Totals 47-8% 1 574,000 (... ..l 34,901 14,602 | 5,104 § 18,706 .......... 2.5 14,161 | 38,878 | 73,543 116,667 {16,028 |........ 14,026
Col. 7. Amount of water under <iven head (h) required t. zroduce power to pump wuter ag shown by Table 4, i.c., ¢fs = HP X 11
’ h
TABLE No. 5hb—1934-35
Service of {'clezu Reservotr jor irrigation of 454,700 aeres and water required for pewer to pump waler for 307,000
aeres plus commercial power up to @ mezimum of 100,000 H.P. plant
T | 77 =] Draft Draft frr Irricution Evaporation Total | Inflow | Reservoir | Bal.in
Load ;. red : el {or draflt 1934~ reser-
Month factor | ous ol [H.P. x 115 () power | Toiland | For ! Total Meaz | Rate 1Zqui.| sum of 35 Net | Net {voir,end{Wasto
i % 100,000 ft ~cfs. Table 3 {pumpinz for urea per | c.i.s. 5. 8 c.fs. {stored| dralt | of Mo.
1P, c.ls. Tabled | irrig. acres, mo. | and 11 cfs. | cfs
1 2 3 4 5 6 7 S 9 10 ¢ 11 i2 13 14 15 16 17
Nov.1l (Forward from Qet. 3ist. 107 . ... b o oo 50,639
Nov. SE D 54,0000 894,0ue , 178-0] 3.33T [ o oL, 96,200 ... ..., 3,337 6,102 | 2,705 1....... 53,404
Dee. 5} 58,000 638, 00 178-5 T R D SN 06,7C0 §.. . e e 3,574 3,185 611 . ...... 54,015
Jan. 30| 50,000 § T50,006 1 179.0 ¢ 3,072 .....aaodiiid o, 87,400 [ ..., 3,072 L3t 0,284 4., 55,299
Feb. 491 49,000 | 539,000 | 1300} 3,000 |..........f... ... 98, 500 19 I 3,168 0 5,288} 2,124 |....... 7,423
Mar. 46 | 46,000 506, 000 181-5 | 2,799t o 100, 100 15 230 3,046 4,794 1 1,745 1....... 59,168
Apr. 44 1 44,000 ] 484,000 1825} 2,652 0. o 101, & 201 & 2,996} 5,338 {2,348 |....... 61,516
May 43 43,000 | 473,000 182-5 | 2,59 1,455 511 1,966 101,500 251 423 4,981 4,463 |....... 518 | 60,998
Jure 43 43,000 473,000 154-0 2,571 4,365 1,521 5,886 103,000 -30 515 8,972 9,553 881 d....... 61,579
July 43 43,000 473,000 184-0 2,571 4,365 1.521 3,886 103,000 -80 838 9,315 8,155 |....... 1,160 } 60,419
Aug. 45 45,000 495,000 183-5 2,697 2,184 762 2,546 102,500 -50 8534 6,497 6,733 236 {....... 60,655
Sept. 48 <C.000 | 528,000 181-0 2,917 1,455 515 1,970 99,500 -3 499 5,386 | 2,45 }....... 2,900 | 57,755
Cct. I 51 DN 561,000 | 180-5 | 3,108 778 258 1,036 99, 00¢ 20| 330 4,474 3,368 [....... 806 | 56,49
Totals l 478 1574,000 ... el 34,800 14,602 5,088 | 19,690 |.......... i -5 {4,231 | 58,811 § 65,121 111,694 | 5,384 i

Cclumn 7. Sec note Table 5a.
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TkBLE No. 5c—1 .)0-36

Sermce of Coteau Reservoir for irrigation of 454,700 ceres and wa{e— required for power lo pump uater Jor 307 000
acres plus commercial power up to ¢ mazimum of 100,060 H.P. plant

Bal. in

nuzuob Loy

HP. |. Moan | Dralt Dralt for Ir'xgatxon Evaporation Total | Inflow Reservoir
Load produced Head for draft | 1934~ -| reser- .
Montk | factor | outof {H.P.x 11| (h) power | To land For Total ean | Rate |Equi. sum of 35 Net | Net [voir,énd|Waste
% 100,000 134 cf.s. | Table3 |pumping! for ares per {efs. | 5, 8 c.f.s. |stored! draft | of Mo.
P. . c.f.s. Table4 | irrig. acres, mo. and 11 cfs. | cis. | c.ls.
1 2 3 4 s 6 7 8 ¢ 10 11 12 . 13 14 15 16 17
New. 1 Forward from Oct. 31st, 1035..1....... ...l 56,6:6
Nov. 54 54,000 594, 000 18¢-5 ] 3,291 99,000 |......|...... 3,201 3,932" (17 3 0 P §57,587
Dee. 38t 58,000 638,000 180-5{ 3,534 98,000 {......0...... 3,534 | 3,547 I3{....... 57,600
Jan. S0 | 50,000 ; 550,000 180-5 | 3,047 99,000 |......[...... 3,047 3,114 67 §....... 57,067
Feb. 49 | 49,000 | 539,000 180-3 | 2,986 99,000 -10 166 | 3,152 3,499 % Pl IO 53.014
Mar. 46 | 46,000 | 506,000 183,0 { 2,765 102,000 15 271 3,036 6,510 | 3,474 1....... 61,488
Apr. 441 44,000 | 484,000 184+-G | 2,630 103,000 201 343 2,073 { 16,696 | 53,179 1. ... ... 56,667 | 2,544
May 43 | 43,000 | 473,000 185-0 | 2,558 104,000 <25 43! 4,543 5,853 1. 66,067.{ 905
June 43 | 43,000 | 473,000 185-0 | 2,356 104,000 -30 | 520 8,953 7,200 | ... 1,663 60,004
July 43 | 43,000 473,000 182-0 | 2,599 101,C%0 -50 1 841 9,343 1,033 |....... 8,310 | 56,604
Aug. 45 1 45,000 | 495,000 178-0} 2,782 96,200 -50 | 801 6,353 LOG 1. ...... 5,837 | 5,157
‘Sept. 48 | 48,000 528,000 175-0 3,017~ 93,000 |. -30 465 5,470 L,313 |....... 4,157 | 47,0
COct. 51 51,006 | 561,000 172-0 | 3,261 ‘90,000 -20] 300 4,630] 2,465 |....... 2,165 | 44,83y ,
. Totals 47-8 974,000 ..........0........ 35,024 | 14,602 { 5,164 | 19,766 |.......... 2-5 4,140 | 58,930 | 50,268 ; 9,721 E?1,832 ........ 3,419
Col. 7. See note Table 5a. _
TABLE T\To. 5d—1936-37
Scrmce of Coteau Reservo'r Jfor irrigation of 464,700 acres and waler required for power to pump wafer for 307,000
acres plus commercial power up to a meximum of 100,000 H.P. plant
, -1 H.P. Mean raflt Drait for Irrigation E-~vaporation Total | Inflow | Reservoir | Bal.in
I Load |produced | Head {or draft | 1936~ - reser-
Month | factor outof H.P.x 11| (h) power | To land For Total [. Mean | RatelEqui.| sum of 37 Net | Net |voir,end|Waste
o % 100,000 it ci.a. | Teble3 |pumping  for area per {cis.! 5 8 c.f.s. [stored | draft | of Mo.
H.P. ci.s. | Table4| irrig. acres. | mo. and 11 . cls. ! els. | of.s. '
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
i
Nov.1 |Forward from-Oct. 3Ist, 1936)........[........|ooceeec oo oo o L 44,835
Nov. 54 | 54,000 | 593,000 172-0 | 3,453 ... o, 90,000 {......]...... 3,453 | 3,193 |....... 200 | 44,575
Dee.. 58 | 58,000 | 638,000 173-5 ) 3,721 ... 89,050 {......l...... 3,721 2,552 |....... 1,169 | 43,406
Jan. 501 50,000 ) 350,000 | 171-0 ] 3,216 |.......... | 9,000 |......0...... 3,216 2,738 ....... 478 | 42,928
Feb. - 491 49,000 | 539,000 | 17t-0 3,152 |......... LT 86,000 | .10 148 3.3 3,109 |..... L. 191 | 42,737
Mar. 46 | 46,000 506,000 | 1715} 2,950 (.. .......0 ...\ 89,500 1 -.15] 224 3,174 | 3,982 808 |....... 43,545
Apr. - 441 44,000 | 484,000 | 171-5| 2,828 {........ .. S 88,500 | .20 | 2074 3,125 | 3,533 408 |....... 43,953
© May 43 | 43,000 | 473,000 [ 170-0 | 2,782 1,455 548 | 2,003 88,000 25| 367 5,132 1,697 |....... 3.455 {40,498
June 43 | 43,000 | 473,000 171-5 | 2,75 4,365 1,632 | 5,997 89,500 .30 71 9,202 9,168 }....... 34 1 40,464
July 43 | 43,000 | 473,000 i 166-0 | 2,849 4,365 1,885 | 6,050 84,500 S0 T4 9,603 1,439 |....... 8,164 32.300
CAug. 45 | 45,000 | 485,000 160-0 3,093 2,184 8§74 3,058 79,500 .50 662 6,813 1,005 {....... 5,808 | 26,492
Sept. 48 | 48,000 | 528,000 157-0 ] 3,363 1,455 594 2,049 77,000 .30 385 | 5,797 1,857 |....... 3,940 | 22,525
Oct. 5i 51,000 | 561,000 156-0 | 3,596 7 299 1,077 76,000 20 253 4,926 3.437 1,489 | 21,063
Totals 478 | 574,000 |....oooiifen.... 37,761 14,602 | 5,632 | 20,234 |.......... 2-5 {3,487 | 61,482 | 37,710 | 1,216 |24,088 |........
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g TABLE No. 5¢—1937-38

Scrmce of Coteau Reservoir for trrigation of 454,700 acres and waler required for power to pump waler for 307,000
acres plus commercial power up to ¢ mazimum of 100,000 H.P. plant

B.P. Mean | Draft Draoft for Irrigation Evaporation Tota! | Inflow | Reservoir | Bal. in
Load |produced HBead {or drife 1937~ reser-
Month |- factor outof [H.P. x 11} (h) power | To land For Total Mean | Rate ]Equi. sum of | " 38 Net | Net |voir,endWaste -
’ % 100,000 it c.f.s. | Table$ [pumping| for aren per ; c.f.s. 5 8 c.f.5. |stored ; draft | of Mo.
H.P. . . cas. Table4{ irrig. acres. mo. and 11 | | clz] cfs. | cf.s.
1 2 .3 4 35 6 -7 8 - 9 10 11 12 P13 14 15 16 AT
Nov.1 |Forward from Oct. 31st, 1937|........0. ... ...l .o ., O U IR PR PR Y PN 21,063
Nov. 51 ]-54,000 ] 594,000 155-5 | 3,8204..........]. S 75,600 [...... e 3,820 4,587 67 |....... 21,830
Dee. 58 58,000 |- 638,000 | '156-0 | 4,000 |.......... ... ...t ... ..., 76,000 i......[...... 4,000 | 4,452 362 f....... 22,192
Jan. . 50 50,000 550,000 156-5 3,0 | e 76,600 {............ 3,514 4.201 G687 <.} 22,879
Feb. - 491 40,000 539,000 § 156-5 | 3,444 {..ooiriiitin it 76,600 -10 128 | 3,572 | 3,645 I .. 22,052
Mar. ) 46 | 46,000 | 506,000 157-5 213 e [P 77,500 .15 194 |- 3,407 5,734 | 2,327 |....: Soa1 25,279
Apr. . 44 44,000 | 484,000 161-0 3,006 ... .o 80,500 -20 268 3,274 6,891 { 3,617 |....... 28,896
Muay - 43 | 43,000 | 473,000 165-0 2,866 1,455 505 2,020 . -25 1 350 5,236 9,394 | 4,138 |....... 33,054
June 43 | 43,000 47u.000 170-0 2,782 4,363 1,646 6,011 88,000 -30 | 440 9,233 | 13,076 | 3,843 |....... 36,897
July 2 43,000 | 473,000 169-5 | 2,795 4,305 1,651 6,016 87,500 +30 729 9,540 § 9,221 |....... 319} 36,578
Aug. - 5 45,000 495.000 166-0 2,082 2,154 843 3,027 84,500 -50 7 6.;13 3,461 {....... 3,252 1 33,320
Sept. 48 48,000 | 528,000 1640 3.219 1,485 569 2,024 83,000 230 | 415 5,658 | 4,827 {....... 1,131 | 32,195
Oct. ) | 51,000 | 561,000 163-5 | 3,431 778 285 | 1,063 82,500 2201 275} 4,769 | 4,679 |....... 90 | 32,105
Totals | 47-8 | 574,000 D 39,162 | 14,602 5,559 1 20,161 |.......... 2.5 | 3,503 62,826 73,868 [15,834 | 4,792 '
i}
Col. 7. See note Table 5a.

TABLE No. 5{-~1938-39

Scrmcc of Coteau Reservoir for irrigation of 454,700 acres and water requzrcdfo- power to pump water for 307,000 A
acres plus commercial power up to ¢ mazimum of 100,000 H.P. plant

d 4241y upMaYIDYSLG - YInog oy J

H.P. : Mesr | Draft™ = Drn tforTrrigation— - Evaporation .| Total | Inflow | Reservoir - | Bal. in
Load |produced Head for - draft | 1938- reser-
Month.| factor | outof |H.P.x 11} (h) | power | Toland | For | Total | Mean | Rate|Equi.| sum of | 39 Net -] Net [voir.end[Waste  ~
% 100,000 it c.fs. | Table3 lpumping| for area per Jeds.| 5.8 cf.s. |stored| draft | of Mo. S
HP. | : c.f.8i | Table4| irrig. acres. mo. and 11 cls. | efs | efa. )
1 2 3 b 5 6 - 7 8 9 10 11 12 - 13 14 15 16 | 17 a
Nov. 1.|Forward.from Oct. 31st, 1938}........0.......loeeeneeennoececn oo e 32,105
“Nov. 54| 54,000 ] 594,000 164-0 83,000 |......4...... 3,622 1 4,525 903 I....... 33,008
Dee. - 581 58,000 | 635,000 | 164-0 83,000 |......4...... 3,800 | 4,115 Pl R R .
Jan, 50| 50,000} 550,000 | 164-0 | 83,000 ;......]...... 3,353 | 3,647 294 §.......] 33,527
. Fab. - 48 49,000 {539,000 | 164-5 83,500 ¢ .10 133 3,415| 3.3%9 {....... 25 1 33,501
="Mz, 46 1 46,000 | 506,000 | -166-0 84,500 <15 211} 3,259 1 5,549 2,200 {.......] 35,791
Apr. | 44 | 44,000 ! 484,000 166-5 85,000, -20; 283 | 3,253 3,822 569 |.......] 36,300
May - - 43, 43,000 | 473,000 | 165-5| 2,858 1,455 563 | 2,018 84,300 | 25| 351 5,227 2,906 ....... 2,321 34.039
“June . 43 ¢ 43,600 ] 473,000 | 169-6 | 2,800 +,%5 | 1,656 6,021 87,1001 -30 1! 435 9,256 12,001 | 2,745 |....... 36,784
July - 43 | 43.000 | 473,000 | 15G-5 | 2,841 4,366 | 1,688 6,053 85,000 | -50 | 708 | 9,602 6,485 ....... 3,117 | 33,867
JAug. - 45 ] 45,000 | 495,000 |° 162-0 | 3.055 2,188 | - 863§ 3,047 81,400 ‘501 678 6,780 1,520 1{....... 5,251 | 28,416 '
" Sept. . . 48] -48,000 | 528,000 159-0 | 3,321 2,455 1 586 | 2,041 § 78,600 <30 | 393 5,755 | 2.36: ....... 3,385 | 25,028 - —_—
Oct. ) 511 51,000} 561,000, 158-0 3,551 77 295 1 1,073 98,000 | -20] 260 4,884} 3,533 4....... 1,351 | 23,677 : -
Totals 47-8 | 574,000 f.... ... oeanel 38,585 14,602 | 5,651 20,253 {.......... © 2-5 13,458 | 62,296 | 53,868 | 7,026 {15,454 }........|...... l\c’
o . . =]

Col. 7. See note Table §a.
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TABLE No. 5g—1939-40
Service of Coteau Rescrvor Jor irrigation of 454,700 acres and waler required Sor power i p&mp water for 307,000
: acres plus commercial power up to ¢ mazimum of 100,000 H.P. plant
H.P, ~Mean | Draft Dralt for Irrigation Evaporation. . | Total | Inflaw Reservoir | Bal. in
: Load |produced . Head for draft 1938- | rover- | .
Month | facior | outof {H.P. x 11} (h) power | To land For [ Totual Meann | Rato [Equi. sum of 40 Net | Net |voir.end{Waste
% 100,000 CT ft c.f.s: Table 3 [pumping!  for nrei per | e, 5./8 c.fs. [stored | draft | of Mo.
I P = 8t c.fa. | Tabled| irrig. acres. mo. | ad 11 cla | efs | el
1 2. -3 4 5 G- 7 S 9. - 10 111 12 13 14 15 16 17
Nov. 1 |Forward from Oct. Stst, 1930). .o 23,677
Nov. 54 54,000 554, 000 137-5 3,72 77,500 [ L 3,772 1,326 Had . 23,231
Dece. 58 | 58,00 | 638,000 1I57:5 1 4,050 {. ... ... b . I T B 4,051 3,578 ....... 473 | 23,758 :
Jan. 50| 50,000 | 550,000 | 157-0 | 3,503 \..........|. ... ... TT000 oo e ) 3,503 | 3,574 ] T1i...... 23,820 |
Feb. - - 49 | 49,000 | . 539,000 1570 ) 3433 |oovenn i du oo 77,000 10 128 3,561 | 3,539 |....... 22 | 23,807
Ms._r. 46 46,006 506,000 |- 138-5 302 78, 500 15 196 30 3,483 [ 2,005 }....... 25,002
Apr. 44| 44,000 | 454,000 163-0 1 2,974 L. ... b, §2,000 20 2037 3,247 9,58216.,335....... 32,237
May - 43 | 43,000 ] 473,000 | 166-5 | 2:841 1,455 60 | 2,015 84,300 250351 5,207 8,203 12,99 1. ...... 35,232
June 43} 43,000 | 473,000 1 163-3| 2,899 4,365 1,712} 6,077 82,500 30 412 9,388 3.86x!......: 5,494 | 29,739
July . 43 43,000 473,000 138-5 2,984 4,365 1,766 6,131 78,300 50 652 9,767 2,436 1....... 7,311 ) 22,428
Aug. 45 45,-000 405,000 | 154-0 ] 3,214 2,134 908 } 3,002 74,000 530 1 621 6,927 | 2,1481....... 4,799 | 17,649
Sept. 43 48.000 528,000 152-0 | 3,473 1,455 613 | 2,068 73,000 30 365 5,906 3,783 |....... 2,123 | 15,526
Oct. "5l 51,900 561.000 152-0 | 3,601 778 306 | 1,08« 73,000 <20 243 5.018 5,495 477 |....... 16,003
Totals 47-8 574,900 .................. 40,027 14,602 | 5,865 | 20,467 |.......... 2-5 3,241 | 63,735 | 56,0061 {12,528 {20,202 }{........}......

Col. 7. Sce noto Table 5a.
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A further trial was made for a plant
capacity 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 mainfain
reservoir elevations above Canal F.S.L. A
rough estimate of the deficit of water and
effect on production of poiver is as follows:—

Yearly requirements of water for irriga-
tion, evaporation and power for a plant of
100,000 H.P. at load factors used, approxi-
mates 60,000 c.f.s. mo. Reservoir inflow for

1940-41 was only 40,040 c.f.5. mo. a deficit’

of 20,000 c.f.8. mo. for the year. The deficit,
for 1939-40 below Canal F.S.L. approxi-
mates 13,000 c.f.s. mo; total 33,000 ¢.f.s. mo.

If this amount is distributed over the period
June 1936, when reservoir is full, to October -

1941, total 65 months, then the average
deficit of water ‘per month is 508 c.f.s. or
6,096 c.f.s. mo. for a year. At an estimated

mean head of 170 feet this represents 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 : : 479,000 : (x)=83,000 IL.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 the!

period June 1936 to October 1941,

Comparison Reservoir Oulﬂow
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 5a, 5b, ete. for the years 1033 to

1940 as compared with the average reservoir

inflow for years 1928 to 1941.

Year Draft for - Draft for Reservoir Draft for Total
Irrigation Pumping Evaporation | 100,000 IH.P, ,
1033-34. . .. .. 14,602 5,104 4,181 34,991 58,878
1034-35. . ... 14,602 5,088 4,231 34,800 58,811 -
1036-36. ... ... ... 14,602 5,104 , 4,140 35,024 68,030
1038-37. . ... 14,602 5,632 3,487 37,701 61,482
1037-38. .. ... ... 14,602 5,559 3,503 39,162 62,820
1038-39. . ... L 14,002 5,051 3,458 -8,685 62,296
103040, .. .o 14,602 6,806 3,241 (a) 40,027 63,736
19404l(b)..................‘.... R L P R P
Averages. ..o, 14,602 5,437 3,749 37,200 60,904

Note: (a) Deficit of 13,000 c.f.s. below
Canal F.S.L. and (b) insufficient inflow to

- restore reservoir to supply canal.

The average -inflow to the reservoir for
13 years 1928-20 to 1941-42 inclusive (see
Table-1) was 59,352 c.f.s. mos.-

Maximum Power Plant Capacity
in Relation to Peak Loads

Computations for power are based on the |

average monthly power load in relation to
the maximum peak load in December. In



b e

Co T e e A e A T L S PR L S T

212 Royal Comumission on South.Saskatchewan River

sifnilar manner a peak load for pumpiiig w1]l
ObClll for ten days to two weeks in June or
J qu for irrigation which will be considerably
i excess of the commercial peak load for
those months. This peak demand for irri-
gation is determined by the maximum flow

ratio, t.e. 1 to 90, plus losses. The maximum
power requirement for pumping would be
for a short period once a year for which,
nevertheless, provision must be made from
some source of power. The amount of this
peak load is computed as follows:

. o Gross Max. Flow List. Pur Reauired
Water for Itrig. to Irrig. Ratio Losses . mnp caure
- . . Totals Lift: H.P,
he supplied by pumping Area: 1-90, at 409, X
. Feet (n) -
_Acres c.fs. c.f.s,
Divs. 6, Tand 8. ... 42,850 190 666 15| - 1,680
Divs, 9to ldine.. ... N, 106,150 © 1,180 47? 1,652 30 8,333
Divs. 15to 17ine.............. 79,400 353 1,235 60 12,460
Divs. 18 to 2l inc.. . vevuvnn. ... 78,0600 349 1,222 120 24,057
Totals. ...... ... ..o i, 307.000 - 3,411 1,364 4,705 | .ovii i, 47,130
cfs. X h cfs. X h '

(a) H.P. at power plant = —

8.8l % 75 % 00~ 5.047

The above power peak load for pumping
brings the maximum power requirements

for a short ten days to two weeks period in

Iune or July, viz:—

n.p. n.p,
l’m\m for typicul loads from 100.000 ‘

HP. Plant o, oot 43,000
Add for normal June or July peaks, :

S 40,000 83,000
Plus irrigation peak load as above ............ 47,130
Muxim.mn Capacity required .......vvvues, . '130,130
Available Capacity due to Water Supply ....... 100,000

D e | A A 30,130

~On a comparable basis the peak load in
June or July for 83.600 IL.P. would be:—

1.p. II r.
Power fm t\pncal lmdq from 83,0600 . .
LD, plant ... .00 . ..., Ceeeaia 36,000
Add for normal June ()r July peul\s, : .
L ‘e 4 ........ veeeel 33,000 09,000
l’lus irrl-v:\tmn ponl\ loads as nbme ........... 47,120
\la\nmnn Capacity Required ....c........ ..... 116,130
Av mlal)ln Cnpacxt) due to Water Supply ....... 83,600
I 01 T . 32,630

N

It is indicated that the water supply would

“be short for peak irrigation requirements in

June or July by about 30,000 H.P. and
32,500 ILP. in the respective periods for
which auxiliary power must be provided.

A power plant of 1?0 ,000 H.P. or more
covld be maintained by the available reser-
voir supply in wet years. Its use, however,
would be subject to the following condi-
tions:— :

(a) Insufficient water supply in dry years
as in the period 1933 to 1941,

-(b) The difficulty of supplying pover if
the irrigation peak load for ten days
to two weceks in June ov July creates
a deficit for normal commercial load
commitments, thereby resulting in
shut-downs, power rauoning 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 an Irrigation Factor at 80 per cent
and Duty of Water at 1-5 acre feet. These
factors may vary according to 1Llai1\'e differ-
ences in the amount and dates of occurrence
of reinfall. It also may be assumed that

) seepage losses might be hivghcr ‘duc to the

sandy loam texture of soils as related to
length and size of canals. These variations
would have some effect up -and down on the

power potential in some years,

Cost for Pumpi;é Water to Land

On the basis of commercial peak loads,
the annual charge for power installation and

$20.00 per H.P, per year. At this value the
cost per acre for pbwer only to pump water

transmission lines should approximate to lands is estimated as follows: -

Gross Pump H.P. at | Annua, ost Cost

Land Irrig. Lift Peak at £20.00 Per

. Area I't. Load per H.P. | = Acre

. 3 ]
Diva, 6, 7and8..........c0. viiiiiiennnn. 42,850 15' 1,680 33,600 | - 0.78
Divs, Otol4. ..., ...ttt veune, 106,150 30’ 8,333 166,660 1.67
13 N T A 70,400 60’ 12,460 249,200 3:13
Dive. 181021, .. v e 78,600 120’ 24,057 493,140 6.27
Totals. et i it i e 307,000 {............ 47,130 042,600 3:07

Upon adding the above average cost per
acre for power only to the estimated cost
for opemtnon and maintenance for the irriga-
tion wonl\s including pumping plants, at
say $2.00 per acre (based on average cost for

PI'UI)OS(}(I

Since the {oregoing Memorandum “was
directed to the Commission, it has been
found that the reservoir is to be enlarged by
shifting the location of the dam in the
Qu’Appelle Valiey.

The enlargement .s brought about by mov-
ing the site of the dam in the Qu’Appelle
Valley to the 3rd Meridian some 20 miles

east of the Iu'how Crossing site as formerly

planned. This is shown by map, profiles, ete.
following Chapter 16, pages 104 to 107 in-

-years,

Alberta projeets) brings the total to over
86.00 per acre per year. This is too much
for the farmer to pay and does not include
any charge for principal and interest for a
water right,

Enlargement of Reservoir

the General Enginecring Report, dated
March 1952, submitted by the P.F.R.A. at
the meeting in Washmgton D.C., April 7,
1952, ,

The proposed enlargement appears to be
p]anne(l 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
Aside from this it is not clear from
reports and data whether other features such
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as conditions of foundations for dams, rail-
way locations, facilities for supply of water
to Moose Jaw or Regina, or other features
enter into the reasons for the enlargement.
An estimate of reservoir service for the
enlarged reservoir, determined for inflow
versus outflow worked out for monthly
periods by tables and chart would involve
a large amount of detailed computations.
For general purposes it is hoped that a
Table as shown herein will suffice to pro-
vide for an approrimate estimate of power
potential in excess of the use of water for
irrigation, scepage and evaporation and
supply of water to Regina and Moose Jaw.

Comparative Reservoir Capacities and Arens
of Water Surface

In reports of the P.F.R.A., references are
made to a draw-down in the operations of
the reservoir of 40 feet, whereas the full
supply level is at Elev, 1825 and the Canal
I.S.L. at Blev, 1800, difference of 25 feet. It
is indicated in computations in our ecarlicr
memorandum that difliculties would arise in
a cyele of dry years should the reservoir be
drawn down for winter power below Canal
I"5.L. i1 anticipation of spring inflow replen-
ishing tie reservoir to an clevation sufficient
for irrigation. It might be possible to do so
if the conditions of a very wet winter
indicated a forthcoming high spring inflow
but this may happen only occasionally and
would be hazardous for irrigation require-
ments. It therefore appears advisable to con-

sider the available capacity of the reservoir
within the limits of full supply level Elev. -

825 and the Canal F.S.L. Elev. 1800.
The following shows the comparative
cupnuhos and areas for an enlarged reservoir

with dam in the Qu’Appelle Valley at the 3rd
Meridian and  Elbow site as formerly
planned.

- Cuapacity, qulu;v. Aren
acre feet mos. Acres
Dam at 3rd Meridign—
Elov. 1825..........c0u.. ... 2,049,530 | 44,100 | 121,758
Elov.1800.............c.oooeven el 0, 03,421
MeanArea)....ooovvii]vennnn, 107, 590
Dam at Elbow—
Elov. 1825.................. 2,282,251 | 38,037 | 104,000
Elev. 1800........ [T Y R 79,031
MeanAveal..o..ovvviifovnnnn .. 01,815
Difference...............| : 387,219 | 0,123 | 16,075

Maximum Available Power

Table A is based on conjecture of possible
reservoir operations under condition of
having advance knowledge of inflow as
shown by the records of inflow, by which the
maximum power potential is determined for
the period 1923-24 to 1947-48. TFor future
use advance knowledge of inflow is not avail-
able. In practical operations there would be -
a tendeney to draw on the reservoir exces-
sively to supply water for a dry vear assum-
ing the next following year would be wet and
refill the reservoir. This, however, does not
always occur. Therefore, without advance
knowledge of inflow as shown by the records
on which Table A is based, it is probable

- that the power potential would be less than

shown by Table A.
Table A is predicated on the following
principles:— -
(a) The 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-
dence of an abundant forthcoming
inflow for the succceeding year's
operations. '

That the reservoir is refilled during
relatively wet years as an assurance
for future use in a dry year or period
of dry years rather than to draw
excessively on storage during a we:
year and leave reservoir reserve in
short supply. -

(¢)

TABLE A

Table showing water supply to reservoir less requirements for irrigation, seepage, cvaporalion and supply of waler

215

N .

: Acre F't. o.f.5. mos.

It is assumed that the maxi-
mum irrigable area {s 464,-
700 acres for which water
for irrigation plue seepage
is estimated at . ,.......
The average area subject to
cvaporation will approxi-
mate 110,000 acres at an
estimated loss 2:5' per
acre including ' reservoir
BEEPAEE +evevenieen veeeses 275,000
Provision is made for water
for the .Citics of Regina
and Moose Jaw ....., chees

876,120 14,002

4,683

20,000 483

Totals ,...vvuuvs. 1,180,120 19,008

Assum~ the amount at 19,670 c.f.8. mos.

to cilies of Regina and Moose Jaw, under asswmed operalions of rescrvoir with dam at Srd meridian.

RS R Total | Lessfor |Available] Mean | Tst. | H.P.at | gtorngo .
Year I ;':a;‘;?" Mlolrl:‘s o Lte 53 reservoir | irrig., for monthly | average 80% reservo
cd.s. mos dm(% stor(r)\go supply (ovap, and] power flow head (h) | efe.xh o.f.s.
e ) c.f.9. mos.] citles [ef.s mos.| efis. ft. 11 mos.
1023............ ... Assumed Reservoir Starage Reserve,— |.oooooonboiindooicn i nbonc e 25,000
1023-24. .. . ....... 67,708 ‘ 20,000 [.......... 87,708 19,070 68,038 5,670 175 00,200 5,000
1924-25.............. 05,983, ... ... 8,000 87,9083 10,070 63,313 5,600 170 87,010 13,000
192526, ............. 85,703 2,000 |.......... 87,703 19,670 08,123 5,080 170 87,780 11,000
1020-27.............. 183,072 {.......... 33,160 | 130,512 10,670 | 110,542 0,210 175 | 146,520 44,160
1027-23.............. M6,712 ..o ]ovnniian, 140,71% 10,670 { 127,042 10,590 1851 178,100 44,160
1028-29.............. 70,438 .......... .. 70,438 19,670 51,708 4,230 180 69,220 44,160
1020-30.............. 69,935 12,000 [.......... 71,935 19,670 52,265 4,300 | 175 69,360 32,160
1930-31.............. 37,242 32,160 [.......... (9,402 19,670 40,732 4,140 170 63,080 |.......t..
1031-32. ........... .. 70,629 |.......... 10,000 69,629 19,670 49, 959 4,160 165 62,400 10,000
1032-33.............. () 081111 20 R B 71,860 19,670 52,190 4,350 185 64,700 10,000
1033-34.............. 73,843 |.......... 13,000 60,513 10,670 40,873 3,410 170 52,700 23,000
1034-35.. ... ........ 85,120 {.......... 5,000 60, 121 10,070 40, 451 3,370 175 53,010 28,000
1035-30.............. 50,260 10,000 |.......... 60, 260 19,070 40,500 3,380 175 63,770 18,000
103¢-37.............. 37,710 18,000 .......... 65,710 19,670 30,040 3,000 170 40,360 [..........
1937-38.............. 73,808 |.......... 14,000 89,808 19,670 40,1908 3,350 176 ] . 51,770 14,000
1058-30.............. 53,808 7,000 {.......... 60, 808 19,670 41,198 "3,410 165 51,450 7,.50
1939040, ............. 50,001 5,000 |.......... 61,001 19,070 41,398 3,440 165 51,600 2,000
104041.............. 42,010 2,000 {.......... 44,010 19,070 24,370 1,700 1, 105 24,590 [..........
104142, ... ..., 108,040 }.......... 44,160 63,880 19,670 44,210 3,080 175 58,510 41,160
194243, .. ... ...l 86,020 |..........}.......... 85,020 19,670 60,256 5,620 - 180 90,330 44,160
104344, ... ..., 40,776 34,000 [.......... §0,:.) 10,970 61, 100 5,000 1756 80,980 10, 160
1044-45.............. 70,080 10,160 |......... .| 80,240 19,670 61,870 | - 4,060 165 74,400 {. .. ....... )
104546, ............. 79,019 f..........0 ... 70,010 19,670 60, 249 5,020 185 | 75,301 4,,...... .
104647, ... ...... .. 113,205 {.......... 33,000 80,295 10,670 60,525 5,050 175 80,340 33,000
104748, ......... L 176,670 {.......... 11,1060 | 164,510 19,670 | 144,849 12,070 | -~ 180 | 197,510 44,160
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(d) Table A is based on inflow for
the period November 1 to October
31. Since the bulk of inflow oceurs
“in the spring months, April to June
inclusive, maximum ¢torage in the
reservoir would ocenr in July with
of being "at full capacity i.e. 44,160
e.f.s. mos. as chown by the Table.
It is probable that waste would occur
in wet years during the spring months
and therefore the power potential may
be less than the amounts shown by
Table A in such yearvs, Trrigation

requirements oceur in the period May

to October ~inclusive --at - variable
amounts with very high peaks in
June or July, which, however, in some
relative degree, coinecide with varia-
tions in reservoir inflow, In similar
manner, water required for pump-
ing varies with irrigation require-
ments, provisions for which are
deduced from the total power poten-
tial as shown by Table B to obtain

the net potential commereial energy. .

These variations may have some effect:
on the storage reserve from time to
time and relative losses by evapora-

tion. '
In these several respeets, as before stated,
a more accurate accounting of reservoir
service cannot be obtained short of detailed
computations by months by Tables and
Chart as shown in the earlier Memorandum,

Maximum Plant Capacity

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

deplétion “as i@t "Oetobier 31 irstead -

observed that potential power in excess of
75,000 H.P. occurs in cleven years out of
the twenty-five years 1923-24 to 1047-48,
Assuming an average annual load factor of
50 per cent this would provide for a- plant

capacity of 150,000 H.P.

Table B

Table B shows the total amount of
energy per year to be obtained from
regulated water supply, as per Table A, for a
plant capacity of this size. A deduction for
pumping water for irrigation in the months
May to October inclusive, 45,552,600 K.W.
Hrs. (sec Table 4 above) is made to arrive
at the balance of energy available for com-
merecial use. - For- this-purpose Table B indi-
cates that an average of 371:4 M.K.W. Hus.

~could be obtained over a period of 25 years,

and is reduced to an average of 314-4
M.K.W. Hrs, for the 14 consccutive dry
years 1928-29 to 1941-42,

A report by the P.I.R.A. entitled “Water
Supply Study” dated January 1952, Page 5,
under the heading  “IFirm Commerecial
Inergy”, states:

“The end result of the reservoir
study was to discover just how much
cominercial energy could be 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 with attending seepage and
evaporation losses. Then follows the state-
ment;— ‘

“It is found, using the above pro-
cedure, that this project could produce,
cach and every year, energy in the
following amounts . . . . total every
year 326,500,000 K.W. Hrs.”
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Showing commercial encrgy avatlable from a 160,000 II.P. plant at 60%
: for pumping plants for irrigable lands estimated at 46,66

TABLE B

hrs.
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load factor less energy required
2,600 KW,

The Table also ~hows the deficit in energy required to maintain a 150,000 IL.P. Plant at & normal load factor of 50,

S 1880 T

: Bal. for Deficit for
Max. I.P, Energy Loss for S

Year per mo{pth 1 150 &l;a"ﬁ P. per, year pumpin cc.n::;gmml 15(]);?'?33_1_'1)’
ot 80/0 h’.]{.\‘. Hrs. B!.I(.\ .1 18, hl-I(-‘V. Hra. ‘\I.](l\v. III‘B.

1023-24........000000 s et 90, 200 75,000 4894 45:5 443.9

1024-25..... it eee i itaet it ieiass 87,040 76,000 4894 - 456 4439

1025-26. .. ovtv it e 87,780 75,000 48904 455 4439

1020-27 . it it e i e 146, 520 75,000 489.4 45:5 443.9

1027280ttt e i e 178,100 75,000 4894 45:5 4439
1028-20...00 it 69,220 69,220 450.6 455 405-1 38-8
102030, .o e 69,360 69,360 452.5 455 4070 36-9
1030300 it e i e 63,080 63,9080 417-5 45:5 372:0 719
1031, e 62,400 62,400 407.2 45:5 361-7 822
1032-33. e e e 64,700 64,700 422.2 45:5 3170.7 67.2
1033-34. i 52,700 62,700 343.9 45:5 2084 145-56
1034-38. 0ttt e e 53,010 63,010 349.8 45:% 304-3 139:0

1935-30. ..o i e i e 53,710 63,770 1 350-8 45:6 1 _ 3053
1936—37._.__._.. ............................ ... 246,360 -46,360-1.-- 80261 - 45.8 25740 180-9
193738, 51,770 51,770 337.8 45.5 202-3 151:6
K e 51,450 651,450 335.7 45:5 200.2 1837
193040, . cov i i e 51,600 51,600 3367 45+5 201:2 152-7
104041, oo e e 24,590 24,590 160-4 45:5 114:9 320:0
04042, e 68,640 68,540 372:0 455 326+5 117:4

90,330 75,000 4804 45:5 443+9

80,980 75,000 480-4 45:5 443.0

74, 400 75,000 4894 45:5 443.9

75,300 75,000 4504 45:5 443.¢

80,340 75,000 480-4 455 443-9

197,510 75,000 4894 455 4439
Totals: MKW, Hrs, for 25 Years..oveee v eerereeeeeisinennnns 10,423-0 1,137:6 0,285+5 1,812.0
Average for 25 yoars. ... vt P 416-9 45:5 3714 72.6
Total M.K.W, Ifrs. for 14 years—(1028-20 to 1041-42).........covvo ..., 5,039-6 637 4,402-0 1,812.0
Averago for 14 dry years......... et e e e 355.9 45-5 3144 1294

It is difficult to reconcile the above state-
ments with the figures shown by Table B for
the individual years during 1933-34 to 1940-
41. In these years the available commercial
power varies from 305:3 M.K.W. Hrs. to as
low as 114-9 MKW, Hrs, with an average,
for the whole period 1928-29 to 1941-42, at
314-4 M.K.W. Hrs.- The differences cannot
be readily accounted for since the P.F.R.A.
generally agreed in total with the amounts
of water required for irrigation, seepage and

evaporation,

Table B also shows the amount of aux-
iliary energy which would be required to
maintain a Plant Unit of 150,000 H.P. at 50
per cent load factor amounting to an average
of 129-4 M.K.W. Hurs. for the 14 dry years
and varying from 36:9 M.KW. 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, His, To produce
this amount of energy would require an
auxiliary 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 energy that should
be supplied by a Plant Unit of 100 000 IH.P,
capacity.

Effect of Enlarged Reservoir

By changing the loeation of the proposed
dam in Qu'Appelle Valley from the site at

Elbow to the site at 3rd Meridian, the capa- .

city of the reservoir is inereased by 387,279
acre feet or s approximate equivalent
6,120 c.f.s.! mos. The mean area of the
reservoir is inereased by 16,975 acres.

To make a comparison between the two
reservoirs, tables similar to Tables A and B
should be worked out to ascertain the com-
mercial energy which could be obtained
from the smaller reservoir. Some general

observations respecting the merits-of--the .

larger reservoir, however, may indicate the
need for a eareful reconsideration of the
enlarged reservoir,

Referring to Table A, in respect of
available water for all purposes, the decrease
in average surface area for the smaller
reservolr of 16,975 acres at losses of 245
feet per acre for seepage and' evaporation,
amounts to 42,337 acre feet or its equivalent
average of approximately 705 c.f.s. mos,
This gain from evaporation would improve
water supply for all years and be of particu-
lar benefit in the penod of 14 dry years.

In respect of reservoir storage as shown
by Table A, (with small adjustment) the
deercase 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.,,
as shown by Table B, for the succeeding five
years as there is surplus water supply in
this period. = The reserve storage ending

1028-29, however, would be reduced by
0,120 c.f.s. mos. leaving 38,040 c.f.s. mos, for
the subsequent dry years ending 1931 when
an empty reservoir is shown by Table A.
In the subsequent ten years, 1932 to 1941
inclusive, there avould be no loss in storage
reserve as the smaller reservoir would be
sufficient to store and regulate the inflow for
this period and incidentally recover 7,050
c.f.s. mos. gained by reduced evaporation,
Again in 1942-43 the reservoir reserve would

“be depleted by 6,120 c.f.s. to 38,040 c.f.s. mos.

which would affect the available supply
ending 1945 but would gain v ieduced
evaporation,

The enlarged reservoir has the effect of
losing power head 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 smaller one.

I'rom an economic standpoint, 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 covmed by the larger
reservoir,

I'or the purpose of supplying water to
Regina and Moose Jaw—29,000 acre feet—
a dam may be required at the 3rd Meridian
to form a reservoir, but one of limited size
would serve to make a 1eselvon' sufficient
to meet 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 1951 relative to the pro-
posed South Saskatchewan River Project,
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the Commission was requested to ascertain.
the said project represents the

“whether
most profitable and desirable use which can
be made of the physical resources involved”,

This request has directed the attention

-of-the Commission to a former proposed pro--

ject referred to as the “William Pearce
Scheme” initiated about 1922, by which a
part of the lands in the proposed South
Saskatchewan River Project might 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 subsequent
plans and surveys 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
physieal resources involved.

Plans and Surveys .

Altogether, six plans and surveys have
been made. A seventh survey is now under
way as an alternative in some respects to
the original William Pearee 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:—

Diversion of Water to Sullivan Luke

Plan 1. (William Pearce Scheme).
this scheme water was proposed to be
diverted from the North Saskatchewan River

into the Clearwater River and the combined

Under

flow into the Red Deer River, whence by
dam 175 feet high located on the Red Deer
River in Section 4-38-25-4th, water \voul(l
be diverted by~ ecanal 98 miles in longth
including a-large syphon across the Red Deer
River, into Sullivan Lake. From Swllivan
Lake water would be distributed to lands in
Alberta (present Red Deer Project) and
by way of Sounding Creck, canal and natural
channels, to a proposed reservoir at Tramp-
ing Lake from which water would be deliv-
cred to lands in that part of the South Sask-
atchewan River Project west of the river.

The delivery of water could be extended
by syphon to the east side of the river which,
however, was not contemplated in the
original plans. The project was estimated
to supply water to a potential irrigable area
of 1,410,980 acres, or such part thercof ag
might be found best suited to irrigation
within limits of available and economical
water supply.

Plan 2. As an alternative to the dam and
diversion in Scction 4-38-25-4 as above, it
was planned to build a dam 90 feet high on
the Red Deer River below the mouth of
Ravin River and by canal, surveyed 04 miles
in length, to join the canal 11 miles below
the point of diversion as per Plan 1, and
thence into Sullivan Lake, total longth 1714
miles.

Plan 3. This plan provided for a dam 185
feet high 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 head of 140 feet could be
obtained to pump water, viz:

(2) Into the canal at a point east of the
syphon as per Plan 1, during May to
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October agginst a mean head of 135
feet and thenee into Sullivan Lake.
(h) "To trade winter power preiuced by a
flow of 300 c.f.s. for riparian rights at
the proposed dam for sunmer
power from Bow River plants to pump
water in the period May to October,
as per item (a) into Sullivan Lake.

The following plans provided for use of
reservoirs at Craig and Iamilton Lakes.

Plan 4. To transmit power as per item 3a
or 3b of Plan 3 about 30 n:ilcs to a pump site
at the cast end of Buffalo Lake north of
Stettler and raise water 50 feet into a canal
70 miles in length for delivery of water into

Craig 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 done to raise water
against a head of 90 feet into Lanes Lake as
an auxiliary reservoir or against a less head
for use of water direet from the canal at a
point below Federal.

Plan 5. A gravity canal diverted from the
Red Deer River west of Ardley thence on
the west side of the river through IHaynes
Creek Valley, thenece around the north shore
of Buffalo Lake and on to Craig and IHamil-
ton Lake Reservoirs,

Plan 6. A dam about 175 feet high located
000 feet upstream from the railway bridge
3 miles north of Ardley. This dam would
ereate a reservoir in the Valley of the Red
Deer River extending into Haynes Creek
Valley with capacity of about 300,000 acre
feet. The canal would be diverted from the
cast side of the reservoir in Haynes Creek
Valley thence along level to rolling ground
to Tail Creek crossed by syphon, thence

castward through very broken country fol-
lowing sloughs and depressions and Leavy
cuts to a sunmit north of Stettler and thence
south and east to reservoirs at Craig and
Hamilton Lakes. '

C'hoice of Plans

Any plan by which lands east of the pro-
posed Red Deer Project could be irrigated
requires the use of Sullivan Lake as a

reservoir, hence requires Plan 1, 2 or 3.

A considerable amount of investigation
has been made of the available data rela-
tive to the different 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 {0 obtain a comprehensive knowl-
edge of al the works involved and present

-~ estimates of cost.

Plan 2 was largely of a reconnaissance
smvey It was abandoned in view of rough
country, many large structural requirements
and length of canal,

Referring to Plan 3, this involves rais-
ing Buffalo Lake to a point to cause a great
deal of railway and highway damage and
all water, including ecaral and reservoir
losses, must be lifted 135 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 pumped, thereby
resulting in a 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 Plai. !,
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The main canat would be shortened by

30 miles and an expensive syphon across’

the Red Deer River would not be requirer'.

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

Referring to plan (4), this plan 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 requirements

for the Red Deer Project.

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

Proposed New Plan

At the present time a new survey is under
way.

This plan is understood to revert back to
the use of Sullivan Lake as a reservoir, by
whatever method 1nay be best suited to get-
ting water into that reservoir and extend
eastward by canal other than by the Sound-
ing Creek location, as plannecd 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

Deer - Project. These investigations are
incomplete, It is probable that this plan
would be an alternative to the original
William Pearce Scheme for irrigating lands
in Saskatchewan, and may require new sur-
veys to obtain missing data in the original
plans for the William Pearce Scheme, or
some alternative in plans for obtaining water
from the North Saskatchewan, Clearwater
and Red Decer Rivers for dn'mswn into
Sullivan Lake.

Irrigable Lands

'

A general review has been made of the
records pertaining to the irrigable lands in
the Red Decv Project. Early esti:nates of
the irrigable areas in this Project were very
large. Later information indicates an area
of approximately 500,000 acres, but upon
completing topogiaphical surveys and soil
tests, this area mny be further reduced.
Much of the land in the drainage area of
Berry Creek has been eroded and rough and
includes inferior soils. The better lands are
represented to be in and around the marginal
areas of the drainage area but require water
to be pumped to heights of 35, 60 and 90
feet. Including all areas in the Red Deer
Project, it is possible that the maximum area
of irrigabie land of fair quality woyld not
exceed 300,000 acres. _

Pending a very material improvement in

farm values, an important economic ques-

tion arises as to pumping water 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 Pro,)ect and also m the South
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Saskatchewan River Project. - This may
_warrant, for the time being, a considerable
reduction in the area proposed to be irvigated
in both of the projects pending the outcome

of farming developments as well as the avail-

ability of water supply.

gable by waters of the Red Deer and Clear-

water Rivers. Any additional area extend-
ing to the 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 wluch as stated, much data 18

“\i’ﬁtérsupply S 'E-.j' T e

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-
jeet. Records for the Red Deer River are
relativelv complete for the period 1912 to
1950, aud for the Clearwater River fro.a
1914 to 1930 and again for the period 1945
to 1950.  For a period of 14 dry years, 1928-
29 to 1941-42 inclusive, interpolations had to

missing, SN
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 using waters from the
North Saskatchewan, Clearwater and Red
Deer Rivers as an alternative to the plans
for irrigating lands in the South Saskatch-
ewan River Project from the Coteau Creek
Dam. s o
It is assumed that the primary objective

‘desired for the physical resources. involved,

be- made-for-the-Clearwater- River—As-a—-—-is—the_use_cf_the limited quantities__of

result of these compllatlons it is estimated
that an approximate average of 1,200,000
gere feet per year, subject to reservoir control
and regulation of flow, would be available
to a canal for diversion during the months
May to Octoher 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 to
— plang-adoptedi -
For purposes of a rough anal; sis 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 irrigate 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-

incidental feature.

water, which -can be economically made
available, to irrigate land with power as an
Power can be obtained ~
at points which would not affect irrigation.
or by steam plants using the large resources

“of coal, oil or gas which occur in abundance

i Alberta and Saskatchewan. v
In 'several respects, as related ‘to the -
physical aspects pertaining to the two pro-

~ jects, the following features warrant spemﬁc :

consideration:

. (a) The advxsablhty of attempting 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 area of 78,600
acres in the South Saskatchewan
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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

- auxiliary reservoirs are not available.

1t also applies to areas in the Red

Deer Project where a large area of

~ the better land requires watur o be

(b)-

pumped 90 feet. These are subject

to future developments in farm
values. ,
The power potential for commercial

use in the South Saskatchewan River

. Projecvt 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 sustain a plant of

(d)

223

Valley at the 3rd Meridian as com-
pared: with-the potential power avaii-
able with a dam at Elbow.

The possible use of waters from the
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
‘to areas of land and works
mvolved

(f) The potential 'pOssiBilit.y' of using.

waters tributary to the reservoir at
Outlook on lands in Alberte, by exten- .
sions of existing schemes excepting
for the advisability, if economically

possible; of aiding in the development

—_of lands in Saskatchewan for national _

this size.

(¢) The advmablhty of enlargmg the
~reservoir by dam in the Qquppelle

(8)

reasons,

The total estlmated costs in relation
to the-benefits to be obtained.
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Relative lo irripation fadors and crops grown in Eastern I rrgalion Dzslrzd Project
z;h'em v Duty of water . Plow Ratio B . Kied of Crops
. ?rgss ‘ Irrig Slfx:lxlmcrf Irrig. | N — v Aver. - :
© |- Irrig. Pl ullow . Amount Max. . . sizg ay . . -
. Year are d;;;x;g and idle ‘_fac?:;or used pe?c.ftt:r o | flow to&:rt;:)x farm Grain | and i“c?g C:::)r:sm’z Misc. | Tota!
! . acres (a) ~ land _ A ac(bt;t. dfcpth » :c’(fc';“. drea it acres p;‘::ge acres | acres acres | acres
1941 | 156,501 | 156,501 | 24,687 | - 100 | 543,222 3-47 | '3,820 | 1—40-8 | 138} 100,173 [ 23,748 | nil nil 7,883 | 156,501 ,? '
. . - (84-2) {218,882 138 | ¢ . : : <
- - =]
1942 138,793 158,793 17,788 | 100 | 456,346 2-87 | 3,207 1—49-5 138 101,020 | 27,694 | il nil 12,201 | 158,793 -~
. (88-8) | 120,518 0-76°| ! . : : . gﬁ '
1943 166,253 |° 157,149 29,423 94-6 | 609,006 3-88 | 13,814 | 1—41-2 138 84,720 | 32,815 nil nil 19 205°| 166,253 3
- ‘ - (70-0) | 247,506 | 157 . : . ] 3
, =,
1044 165,386 162,086 . 23,419 98-0 { 650,602 4-01 | :3,799 1~42-7 139 93,565 | 34,975 nil ~"nil 13, 427 | 165,386 o
_ (83-8) | 239,453 147 | y . : s-
. : -~
1945 163,829 158,036 23,607 96-5 | 604,744 3-83 ¢ :3,012 1—40-4 139 83,332 | 35,261 nil nil 21,629 | 163,829 = |
z (82-0) | 204,445 1.29 | | . ‘ _ R
1946 164,790 | ‘161,807 17,328 . 98-2 [ 591,330 2-65 §4.118 1—-39-8 1407 - 85,117 | 37.583 nil ', 400 [°24,362 | 164,790 gn
o _ 87-7) | 210,746 1-30 | | : | $
= -
1947 167,758 165,336 21,586 098-6 | 467,398 2-83 | i3,920 1—42.2 140 98,411 | 29,659 nil | 550 | 17,522 {1 167,758 S‘..
A T (85-7) |. 186.840 1131 ' . e w
1948 72,014 171,331 26,744 99-1 301,704 2.20 | 4,117 1—41-6 140 99,831 | 32,908 nil © 700 | 12,731 | 172,914 a
q o ‘ (83-6) | 157.557 0.02 {1 - ‘ z
1949 177,084 | 176,486 20,382 99-7 1 647,358 - 367 24,129 1—42-7 141 112,172 | 32,463 nil 8§50 | 11,217 | 177,084 P~y '
: (88-1) | 279,860 1.59 | - ; , il . EN
1950 177,759 | 177,359 26,286 90-9 | 398,479 2.25 | | 3,807 1—46-4 141 102,238 | 32,686 nil 1,000 | 15,549 | 177,759 s
L _ (84-7) | 221,507 1.25 | ¢ - -2
; ] B
All summerfallow in the Eastern Irrigation Distr ‘s irrigated and there is very little idle land. < ‘
! . ) . H
Grain ~ Hay Sugar beets Canning  Miscellaneous 91
' 2 - E 2
-22 °5 — - 2% P2
6" ' 6 —_ 6" Y

. Nores: (a) Repo rtod irrigated ara includes summerfallow. Figures in C )} show Irrigation Factor with summerizallow deducted.

(b) Under *“Total Water Supplied’’, first ﬁguro represents total wutcr diverted at Bassano Dam, and second Ecure—water delivered ;

at farm headgates. ;

(c) %eprescnts diversion at Bassano Dam plus nmounts of watcr drawn off Lake Newell, and the Cowoki, Douglas and One Tree ;
eservoirs . .

’

l
~
i
|
i




SCHEDULE 1b

i
|
i

. . ‘ .’ . - ! . . ) '-' . . .
N Relotive to-irrigation factors, crops grown and related dala, waler. taken from Keho Reservoir, Lethbridge Northern Irrigalion District
! ‘e . .
! ' ‘Rainfall- . o :
Gorss Area . | Summer- Duty of Water Letbbridge Flow Ratio Aver. Kind of Crops
: irrig. .} irig. fallow Imig. : size
Year area during | and idle | factor | Amount | Ac. ft. | Total |Apr.1to! Mx. '| Ratio | farm Grain | Hay and | Sugar | 'Misc.
Aacres yeur land % uvsed |per acre |for year| Oct. 31,| flow |tomax.] unit acres Pasture | Beets vegs.
‘ ac. ft. depth | inches | inches | c.{.s. ares acres Acres Acres
1941 52, 289 39,708 [.......... -76 63,001 1-58 | 18-3¢4 ) 12.72 632 ] 1-82 160 : 7,030 | From
1942 52,278 | _ 20,334 |.......... -39 36,349 1-78 | 20-63 | 16-46 | - 455 | 1-115| = 160 no.records weroob- | 8,220 7 2,500
1943 52,278 42,735 |.......... -82 78,974 1-85 | 11-32 6-44 462 | 1-113 160 | tained of areas in| 8,830 { to -
1944 | 52,074 | 48,567 |.......... T893 77,753 1-60 | 15-15 9-71 404 ¢ 1-128 160 | grain, hay and pas- | 9,010 | 3,000
1945 51,959 36,701 |.......... 71 "~ 54,399 1-48 29-47 13-58 545 | 1-95 160 | ture crops. 9,350 | acres.
v . X ;
1946 52,098 -85 65,520 1-47 | 21-48 | 10-67 5301 1-98 160 | Waste water used | 9,330 | acres
1947 5%, 067 -72 50,460 1-34 { 23-84 | . 16-05 539 1- 96 160 | for irrig. !.n.nd ad-] 9,450 | per ~
1848 52, 044 -73 41,830 1-10 | 17-44 ¢ 12.05 495 1-105 160 | joining district,. 9,580 | yesr. o
1049 51,862 -90 74,070 1-58 18-06 9-04 508 1-102 160 | balance to river. 9,690 a
1950 51,862 <96 68,260 1-36 12-39 6-13 466 1-111 160 9,800
] : wn
P Grzain Hay *. Beets  Vegetables g
) i -
(1) Average number of irrigations per easoB.......c....... et J errtaerereeeetneaeaes 2 2 : 3 3 -
2) Average number of days perirrigation.........ccoinuaa.ln. :] ................... P Varies probably 15 to 20 days w
23) .Average size of ditch head—no difference for size of farm um{t ....................... ’ average 2 c.f.a.
4) Average depth of water per application............c.iieaen  ERLC TP RE VPP ETRETRE 6 inches - 8 .
Nore: Irrigation practice in this District is to turn oa more water than used for crops with excess going back to river or used by farmers on land adjninin® g‘
istrict who-pick up waste water. The total flow includes lateral and main caral seepage and waste water thereby increasing duty of water. s
E | - -' =
] . o .
. S B ' SCHEDULE lc g
Relative to irrigation factors, crops grown aad related data, St. Mary's and Milk River Project (formerly A.R. & I. Lethbridge-Coaldale) o
- ‘ » , , , -
Duty of Water |  Rainfall Flow Ratio ' Kind of Crops e
v |5 252 100 s T 3
ear . ITiZ. fallow - ig. . ot pr. . 120 ‘ < -
ares | during | and idle | fector [AT00URt Ac.ft. 1 Tro T b Dct. Max. | Ratio | g | Grajn | B8y and | Sugar | Canning | Misc. ~
e | Ve | M| | gt emams) vele (PO | fow |lomax) U ) S| et | e | emne | pey 3
- - inches | inches - . , S,
1 - - . g
1941 | 76.507 ! 50,447{ 17,150 -75|70,600 | 1-19| 16-34 ] 1272 | . 649 118 120| Norecords | 9,051| No records -
142 | 76,767 U, 545 42,222 45 | 42,000 1.221 20-63 { | 16-46 560 137 120 “ “ 17,109 “ “
1943 | 75,706 ;- 66,621 9,085 -88.] 88,663 1-33 | 11-32 6-44 730 104 120 “ oo« 18,511 w o
1944 75,72 60, 580 ‘15,145 -80°| 80,276 1.33 ] - 15-15 9-71 624 121 120 “ “ 18,055 “ “
1945 75,758 56,824 18,942 <75 | 65,806 1-16 | 20-47 | |13-58 677 112 120 “« oo 18,978 S
1946 {76,013 68,417 17,596 -90 | 93,017 1-36 | "21-48 10-67 7 ' 107 110 “ “ 18, 850 “ «“
1947 76,207 64,775 11,432 | -85]73,443 ) 1-13| 23-84|16-05 737 104 110 “ «“ 17,805 |- “ “
1948 -%6,351 | 26,723 49,628 .35 | 32,559 1-221 17-44 | | 12-05 571 134 110 “ “ 10,985 Cooe K
1949 77,225 61,780 15,445 -80-1 73,179 1-18 | 1506 ] 9-04 658 117 110 “ “ 12,902 “ “
1850 77,674 55,245 22,429 -80 | 69,057 | - 1-25 | 12-39 }: 6-13 7 a8 110 “ “ 15,808 l “ “
. 1 i e
' . ! Grain Hay - DBeets Canning =~ | Misc.
(1) Average number of iIrTigations per BeasSON........ocvvvrurnnn O 2 3 3 2. 2
(2) Average number of days used for cne irrigation............. P, . 15 10 . 6 6 6 e
(3) Approximate depth of water for one irrigation.............. ieeeaenaas - 8 4" 3 03 3

Average flow in c.i.a. cr “ditch head’ requestoed by {armers
, 160 acre unit—3 c.f.s. '
80 ccre unit—2 c.i.s.

|
!
;
!
i
|

i o N . B . e e e oo



SCHEDULB id

Relative to irrigation factors, crops grown and related daza Canade Land & Irrigation Company Project. Vauzhall, Alberta

!
All water deliveries refer to net quantities delivered to farm units for irrigaticn and.exclude scepage losses.
streams or flow for farm reservoirs. !
i |
\

! Gross | Aren Su'mmer- L Duty of Water : Rainfall . F low Ratio Aver. Kind of Crops

Year ’;’c’g &;’g « ngghﬂfl e l’lgtuér " Amount | Ac. Ft. : Total Apr.1to Max. Ratio {?‘irzs, ) Grain Hay and | Mise.

Acres’ | year | land | % ey |Peatre for per | Oty | afy | “umir | unic | Aeres |-PRwre | vess.
1941 43.093 29,893 13,200 69-5 31,466 1-05 |. ‘11-4() 9:58 630 1- 68 J 120 26,016 2,595 382
1942 43,427 30,245 13,182 69-7 24,724 -82 ‘ 14-10 | 11-80 460 1- 94 120 29,27 2.7"33 326
1943 43,701 31,476 12,225 o 72.2 37,220 "1.18 ' 7-50 .5-16 536 1- 8t 120 25,372 3,851 470
1044 | | 44,632 | 32,060 | 12,53 | 718 35807 | 111 L0967 7.6 43| 1105| 120| 26,871| 3,006 979
1945 45,373 31,300 14,073 68-9 34,000 1-09 9-74 7-H 957 1- 81 120 25,530 3,215 2,04
1946 44,624 33,722 10,902 75+5 36,136 1007 | 12-18 10-68 437 . 1-102 120 27,700 3,252 2.9~ﬂ

- 1947 44,959 35,115 09,844 78-1 31,783 -90 16-96 12-51 548 1- 82 120 29,738 2,834 1,864
1948 45,954 34,348 11,66_6 74-7 30,264 ‘ 88 1 C12.04 8-81 iC -1~ 80 120 29,678 3,217 1,713
1949 48,759 | 37,44¢ | 11,319 767 | 50,653 | - 135 |  12.86 8-39 668 1- 73 120 32,260 | 3,013 2,108
1950 48,954 36.508 12,446 74-6 { - 39,460 | . 108 13-24 9-21 641 1- 76 120 29,052 3.000 3,428
453,476 | 332,116 ' | 851,525 | 1-05 [: '
Grain Hay Beets Vegetables

(i) Average number of irrigations per season......... ....... ' ......................... -2 ’ 2 — 3

(2) Average number of days per irrigation................... ettt ‘ 12 to 16 days

(3) Average size of ditch head—no difference for size of farm unit...................... 2t03-5cfis.

‘ (4) Average depth of water per upplxcatmn ............................................ 6 inches
Note:

Deliveries d: not include stock water

9¢¢
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An ‘Estimate of Cost

CHAPTER 7

Mannix Ltd._Report on South SaSkatchewan River Project

. August 11, 1952
The Royal Commission on -
The South Saskatchewan River -

Development,
Ottawa, Canada

Gentlemen:

Re: South Saskatchewan River Develop-
ment

_Following the request of the Commission-
ers on April 4, 1952, Mannix are pleased to

submit helewlth 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.a the report and
drawings supplied by the PFR.A and
covers the following items:

1. The Main Dam across tl-le South Sask-

.atchewan River, including the cost of

unwatering, cofferdam structures and care of
the river, :

2. The construction of necessary splllway

Vand outlet facilities at the Main- Dam

3. The Saddle Dam located in the

and referred to as the “Third Meridian”
Dam,

4 ’lhe dam across Coteau Creek.

5. The Powerhouse and au: (111r1y stmc-
tures. 4

6. Highway and railway relocation, and a
high fill across Aiktow Creek and referred to
as Elbow Railway Crossing.

7. Services and-General Plant oneratlon

8. Land damage and acquisition.

9. Contractor’s General Expense.

10. Allowance for Contractors contin-
gencies, .
11. Escalation of wages and materials.
12. Engineering. A ~
13. Interest during construction.

14, Contractor s profit.

The estimate does not mclude

1. Irmgatlon structures, outlets or dis-
tribution system, : '

2. Contingencies for changes in design or
over-run in quantities,

In the preparation of this estimate, Man-
nix Ltd. have availed themselves of the
experience -and - professional knowledge of
the following companies:.

- Qu’AppelleValley—near-the-third-meridian;- ———(»L)gMom1somKnudsen—C.o,,_Inc (2)

Internstional Engineering Co., Inc.; (3)
Caterpillar Tractor; (4) Bucyrus-Erie; (5)
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Euclid; (6) John W. Stang Corp; (7) Noble
Manufacturing Co.; (8) Bowdinson Manu-
facturing Co.

Mannix Ltd. believes this to be an accurate
and comprehensive estimate of the project
based on the information at hand.

All of which is respectfully submitted.
- Yours ‘\'f}ery:‘t‘rdl'y,
- MANNIX LTD.
William 'T. Pyott
Chief Engineer

General Summary

Item Description Cost Item
100 Diversion, Care of River, and Un- No. . Item Quantity
watering work 'ng places.......... $ 2,821,000 200 MAIN DAM
200 MuaDam.... ..........c0n.., 19,971,230 1.0 Clear and Grub
300 Conduit- and Intake............... 25,179,005 .1 Right Abutment............ 150 A.
. 400 Powerhouse Area.................. 2,054,095 .2 Left Abutment...... e 200 A.
450 Powerhouse and Switchyard........ 16,354,350 .3 BorrowPits................ — A
600 -Spillwayr...ooooviiiiii 10,087,400 .4 Structuresites.............. — A,
600 Coteau Creek Dam................ 1,630,335 2.0 Strip and Weste
700 Third Meridion Dam.............. 4,721,650 .1 Right Abutment............ 158,000 cy
800 Elbow Railway Crossing........... 5,242,255 .2 Left Abutment.............. 292,000 cy .
800 Railway Reloecation................ 2,857,690 .3 Plateau Section............. 33,000 cy
1000 Cement...io...uiviihneeeninnn.. 8,368,665 -4 Borrow Areas............... . 535,000 cy
S ..1100 . Operators Village. . . . 300,000 . 3.0 . Exc. Impervious and Havl to _ .
—  Road Relocation und Brldge ........ 3,000,000 Emb. ' :
—  Miscellancous Service and General -1 Right Abutment,........... 2,256,000 cy
Plant Operation......... e 5,157,900 -2 Left Abutmene.............. 672,000 cy
—  Land Damage and Acquisition. ... ... 600,000 -8 Left Abutme_nt Trim......... 843,000 cy
—  Contractor’s General Expense. . ..... 12,301,400 ; g];‘rt:;a‘: iigg‘;’" ------------- 5 g?g-m zy
- Allowance for Contractor’s Contin- ' ) e T y
BOUCIES . o\ e e e e, ... 4,000,000 4.0 Exc. Pervious and Haul to
—  Iscalation of wages and materials. . 10,000,000 1 I{ifl?ZbAbutnlellt 607000
— ;gngmeermg.............: .......... 8,000,000 2 Teft Abutment, ... 646:000 ci'
— nterest during Construetion........ 6,125,000 3 Left Abutment Trim 5.473.000 oy
' ' Overhand and Profit 12 000 000 v dddbabuuneat trm..,...... ) ) Y
—  Contractors’ Overhead and Profit.... 15,000,000 4 Plateau Section. ............ 879,000 cy
Total. oononoe ;1'6377.;2—,_5;5 : .5 Borrow Areas................ 4,219,000 cy
_ . 5.0 Exc. Shale for Cutof}‘ and
100 DIVERSION AND CARE Wasto A
"OF RIVER .1 Right Abutment............ 63,000 cy
e .2 Left Abutment............. 22,000 cy
‘1’ gﬁf{;ﬁ%‘zgﬁ S L .3 Plateau Section. . ........... 28,000 cy
T En B AR e el .4 Left Abutment Trim........ 32,000 cy
.2 Pumping.........cooiinnn, LS, . :
.3  Misc. Cofferdam and Dikes. . LS8 - 6.0 Exc.-Common-Toe Drains
4 Bridge o e T ~1—Right-Abutment-—~+ 1425000-cy
5 Rockfill......oovvviinnn... 30,000 cy .2 Left Abutment.............. 80,000 oy
.0  Wellpoints and De-watering.. . L.S. 7.0 Exc. -Commou- jutface  Ditch 18,000 cy
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Item ~ Ttem
No. . Item Quantity No. Item Quantity
, : 300 CONDUITS AND INTAKE
8.0 Foundation Preparation— 1.0 Stripand Waste............. 54,000 cy
Exposed Shale 2.0 Excavation—Impervious and -
.1 Right Abutment............ 231,000 SY Haul to Embankment. .. ... 396,000 cy
.2 Left Abutment.............. 149,000 SY 3.0 Excavation—Pervious and
.3 DPlateau Section............. 14,000 8Y Haul to Embankment. . .... 586,000 cy
9.0 Place and Compact Impervious : 4.0 Excavation Shale and Haul to
Fill in Dam - Waste, ....oovvvneniinns. 63,000 cy
.I' Right Abutment............ 5,086,000 cy 5.0 Foundation cleanup—Included ' '
.2 Left Abutment.............. 6,617,000 cy ' in cone.
.3 Closure Seetion. ............ 4,895,000 cy 6.0 Concrete
.4 Plateau Section........... ~. 889,000 cy .1 Class A in Intake Structure
.5 Upstream Blanket........... 1,771,000 cy above EL 1670. ........... 39,885 cy
10.0 Place and Compact Pervious .2 Class B in Intake Structure
Fill in Dam : : below EIL 1670. ........... " 25,770 ey
.1 Right Abutment............ 4,008,000 cy .3 Class B in Intake Portal
.2 Left Abutment.............. 7,126,000 cy Structure. ... oo, 6,785 cy
.3 Closure Section............. 5,590,000 cy Class B in Intake Approach
- .4 Plateau Section............. 470,000 cy Channel Paving........... 18,0640 cy
.0 Place only Gravel in Toe Drain Class B in Plate-lined Two
Trench......oovvv v, 29,000 cy Cell Blocks............... 407,060 cy
2.0 Place only Selected Pervious Class B in Plate-lined One
Fill in D.S. Filters and Toe : Cell Block........oov.... 6,070 cy
Drain , ‘ -.7- Class ‘B in Plate-lined One :
.1 Right Abutmert............ 428,000 cy . CellBlock.......oovvnn... 14,135 ¢y
.2 Left Abutment.............. 325,000 cy .8 Class C Conerete Fill..;...... 106,200 oy
_ 13.0_ Place only Gravel Filterunder = = —- 49 Reinforcing Steed. .. v.vnn.ns '
pIAp. e 299,000 cy .1 Class A Concrete. ........... 4,400,000 1b
14.0  Furnish an aee Kiprap-on .2 ClassBConcrete.,........... 39,448,000 b
Face of Dam vl , .
.1 - Upstrenm Face.............. 241,000 oy - 8.0 Longltud.uml Water Stops in
‘2 Downstream Faco........... 58,000 cy Conduit. .. SRR 38,400 b
15.0 Furnish and Install Perforated ’ L 9.0 Trnnsver§e Water Stops in
Vit. Clay Pipe in Toe Drains _ ' Conduit.............. e 15,100 b .
1 127 Dismeter.........oov.n. 3,000 L6, . 10.0 6" Plastic Joint hetween Con-
.2 15" Diameter............... 3,000 L1 ‘ duit Blocks............... 255,000 S.F.
.3 18" Diameter............... 2,700 Lt 11.0 Conduit Liner—1¥'"" Steel
16.0 Furnish and Install 18" Dia- Plate. ..........coooiiii 33,000,000 1b
meter R.C. Pipe OQOutfall 12.0 Intake Tower Access (Re-- -
Drains with Cemented Joints 1,000 1{. placed by Access Tunnel)
17.0 Furnish and Instali Piezo- _ : ' (See Item 22)
meter Tips and Tubing. . ... I.S. 13.0 Intake Gates
18.0 Furnish and Install Piezometer . ‘ 1 Gates (16).eeeeererennnnn. 1,280,000 b
Wells and Gages.......... LS. 2 Guides (16)................. 288,000 1b
19.0 Furnish and Install Settlement LS 3 Hoists'(10). .o oovvennnn. 060,000 1b -
2.0 Additow Waier for Gow. - 140 Conorole Conduit Plugs.... 3,80 oy
paction.......oiiiiiiin 3,870 Mil. G. ‘ rash liacks ,
21.0_Construction Bridge......... Deleted ‘17 Racks........coooviiiinni 300,000 1b
92.0 Dredge Fill to EI. 1646, .. ... 2,145,000 cy 27 Embedded Metal....o7 7000777 75,000 16T
23.0  Access and Haul Roads 3 Gantry.......oooviiiii 16,000 Ib
24.0 0 Miscellaneous Metal......... 100,000 1b

Snow Removal _ o ’ 16.
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Item We do not know what type of articulated
300 No. Item Quantity joints will be used between major structures
" 17.0 Hleetrical System LS founded on shale or earth foundations, and
18.0 Misc. Mechamical . . . .- LS. have only made an allowance for conven-
19.0 Water Level Recorder. . ..... L.S. tional water stops of copper, steel, and
20.0 Formed Vents—Forms Only. . 36,000s.1. rubber .
21.0 - Access to Intake Tower )
.1 Class A Concrete............ 5,670 cy Item
.2 Reinforcing Steel............ 366,000 .1b - : T
22.0 Elevator shaft to Intake ' No. . Item Quantity
Control Tower | 150 POV ERIIOUSE
.1 Class A Concrete............ 1,185 cy 1.0 Class A Concrete
.2 Reinforeing Steel............ 124,215 1b .1 Super Strueture............. 4,700 cy
23.0 ELlevator to Intake Control .2 Transformer Deck and Slab. . . 550 cy
Tower......ooovviinan, L.S. 2.0 Class B Concrete
24.0 Ladder—Including Landings 200 Lf. .1 Substrueture................ 41,000 cy
. . . .2 Switchyard Foundations. . ... 200 cy
We do not know what type of articulated .3 Curle, Gutters and Misc. . . .. 500 cy
joints will be used between major structures 3.0 Reinforcing Steel............ 1,806,000 1b
founded on shale or earth foundation, and 4.0 Copper Water Stops. ... .. 12,800 1b
5.0 Structural Steel in  Super
have only made an allowance for conven- Structure. ..o oo 1,430,000 Ib
tional water stops of copper, steel, and 6.0 Structural Steel . in Switch-
rubber yard...oo ool 685,000 1b
) 7.0 Misc. Embedded Metal....... 10,000 1b
I 8.0 Roofing and Flashing......... 31,000 1b
tein - L 9.0 Partition Walls—8"” Hollow
No. Ttem - Quantity THle. ..l 8,000s..
—meem e 400 - -POWERHOUSE-AREA 10:0--Concrete-Floor-Finish—14"+-——- 47600 ¢y - —————
1.0 Excavation ' o 11.0  Checkered Steel Floor Plates. . 16,000 b~
.1 Stripping............. e 7,000 cy 12.0 Steel Floor Gratings......... 12,000 b
.2 Exc.clayorsand............ 61,000 cy 13.0  Misc. Architectural
.3 Exc.shale........... cevee.. 248,000 cy .1 Aluminum Angles for Con-
2.0 Foundation Secepage Protec- . traction Joints............ 500 1b
) Tt T L.S. .2 Abrasive Metal Stair Treads. . 9,000 b
L .3 Metal Handrails............ 10,000 ib
8.0 I?ruu_x Tile . : 4 DMetal Doors, Frames, Sash,
.1 Furnish and Install Ha'f Round Louvres. Hardw -
6" Diam. . . . 9 300 L.{ wuvres, Hardware........ 1,500 s.f,
Sy et ! e .5 Glassand Glazing........... 5,000s.f,
.2 TFurnish and Install Half Round 6 Painting C Surf
8" Diam. . . .. .. 090 1.f . ainting oncrgte Surfaces. .. 800 sy
ARSI : . o .7 Painting Interior Metalwork
.3 Furnish and Iustall Half Round | Eaui
12" Diam. . .. 900 1.6 . and tquipment...... [EERS L.S.
""" h .8 DPainting Exterior Metaiwork
4.0 Class A Conerete Stilling Basin | Faui
Wallse oo 10,200 oy mu. ‘quipment. , ..,. S o L.S.
5.0 Class B Concrete ! : .9 Painting Submerged Metal -
.1 Surge Tank Base............ 4,800 cy .Sur.fnces """" e S - 800,000 =f.
.2 Pavement 1 foot thick....... 7 6,400 cy .10 Painting Contraction Joints. . .- 500 sy
.3 Pavement 3 feet thick....... 9,500 cy '14.0
| 6.0 Reinforcing steel............ 2,900,000 b .1 Exe. Switchyard—Uncl....... 50,000 cy
—i =10 _Steel Surge. Tank............ 1,755,000 lb 2 CableTumnel......oo oo LS oo
8.0 Wye Branches—Steel........ 1,200,000 1b 15.0 Gravel Swrf. Switchyard. ... .. 10,000 cy
9.0 Backfil—Upstream P.I1... ... 37,400 cy 16.0 Landscaping............. e - LS,




An Estimate of Cost

Itern We do not know what type of articulated
450 No. Item Quantity joints will be used between major structures
17.0 Tlectrical Iiquipment founded on shale or earth foundations, and
.1 Main Generators, 30,000 KVA have only made an allowance for conven-
80P PF.........oooovnn 6 ea tional water stops of copper, steel, and
.2 House Turbo-Generators,
4000 KW......ccevnn... 2 e rubber.
.3 Elec. Stand-by Unit Diesel—
200KW......oonll 1 ea Item
.4 Rotor Erection Pedestal. .. ... 3,600 b No. _ ltem Quaritity
.5 Main Transformers—Sing. Ph. 19 en 500 SPILLWAY
6 Aflx' _Tm.‘nsformcr """""" 7 e 1.0 Clearand Grub............. 22 AC
.7 0il ercu}t Breakers......... 1:1 ea 2.0 Stripand Waste............. 246,000 cy
-8 Main S'mtchgenr """""" LS. 3.0 Excavation.................
-9 Conduit............. A LS. .1 Pervious—Common......... 6,225,000 cy
-10 Power and Control Wiring..... LS. .11 Pervious—Aggregates........ 2,000,000 cy
11 Power Centres.............. I“%‘ .2 Impervious................. 1,457,000 cy
12 Cnl.)le Trays..........oooon L. .3 Shaletowaste.............. 1,998,000 cy
_.13 Umt. Control Boards......... 6 ea .4 Structural—Clay............ 12,000 cy
.14 Station Serv. Control Boards. L.\‘-‘:. 5 Structural—Shale. . ........ .. 2,000 cy
-15 Lighting System............ LS. .6 Foundation Preparation...... 15,500 cy
.16 Grounding System........... L.S. 40 Tl
.17 Telephone System........... L.S. .1 Place only Pervious Fill...... 817,000 cy
-.18 Carrier Ct.xrrent System...... L.S. .2 Place only Impervious Fill
19 Shop Equipment............ LS. ~ behind Chute Walls. .. ... 50,200 cy
.20 Metering Equipment........ LS. .3 Place only Impervious Fill in
10.0 Mechnm.c Lquipment ~ Cut-off Trench............ 383,000 cy
.1 Hydraulic Turbines and Gover- 4 Place only Pervious Fill for
- nors=34,500,h.p. AR 6-ea -—--- Roadway Bridge Ahutments— - -45,100 cy -
.2 Powerhouse Bridge Crane- .5 Place only Graded Gravel for
: Cap. 276 T, 1 ea Filter Drains. . ........... 21,700 cy
-3 Butterfly Valves............ 1,200,000 1b 5.0 Pump and Unwater Working
.4 Draft Tube Gate Guides. .... 130,000 1b ATCAS. o e, 1..S.
.5 Draft Tube Gates........... 74,000 1b 6.0 Riprapi. Stilling Basin....... 8,000 cy
.6 Draft Tube Gantry--20 T.... 15,000 1b 7.0 Supply and Place Top Soil, . .. -18,300 cy
.7 Machine Shop Eauipment.. .. 8.0 'SupplyCund Place Perforated -
1 : Vit. Clay Pipe............
° D@;ﬁ?eg;. wnd Unmatering LS. 1 o Diamater, e - 24,400 L,
.9 Oil System................. 1..8. .2 12" Diameter............... 26,400 1.f.
.10 Comp. Air System........... L.S. 9.0 Supply and Place 12 Concrete
11 CO; System . oo o vl L.S. Pipe.......oooiiieiit, 100 Lf.
.12 Raw Water System.......... = LS. 10.0 Class A Conerete............
.13 Treated Water System....... L.S. _.1 Front Cut-off Walls......... 445 oy
.14 Heating System............. L.S. 2 Wing Walls........ooooinnl 23,500 cy
.15 Ventilating System and Air .3 Wallsat Piers............... ‘ 4,700 cy
Conditioning.............. L.S. 4 Chute Walls................ 20,680 cy
.16 Tail-water Gauge and Appur- : .5 Stilling Basin Wallsand Wings 36,250 cy
tenances. . ......vneln L.S. 6 Bridges. ...l 7,250 cy
o .17 Piezometer Piping..,........ LS. -7 Conerete Block Out. ........ _ Wy
. .18 Plumbing and Sanitation Faci- .8 Manholes and Catchbasins. . . 165 cy
' lities. ooov e, L.S. .9 Conerete Backfill............. 2,510 cy
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Royal Commission on South Saskatchewan River

Item - Quantity

Class B Concrete............
Approach Slab.............. 4,000 cy
Crest.oovvneiiiniinin.. 10,300 cy
Piers,...ooovii i i 12,555 cy
Chute Floors, . ............. 71,310 cy
Stilling Basin Floor.......... 47,530 cy
Reinforeing Steel......... ... 11,428,400 Ib
Water Stops................
Cooper—12",............... 45,040 1b
Stainless Steel—12".......... 3,630 b
Rubber.................... 660 1f.
Lxpansion Joint—1/8" Mastic 131,930 sf
Staff Gauge.................
Misc. Metal Work........... 692,930 b
CastIron.................. 11,000 b
Tainter Gates...............
11 Gates......ooviivnnnn, 806,400 1b
Guides..................... 67,900 1b
Hoists, .oovvvenntt. i1 ea
Anchors,................... 250,000 1b
Emergency Gate.. .........
Stoplogs.................. 98,000 b
Stop Log Guides............ 31,700 1b
Structural Steel—Hiway

Bridge................... 1,189,000 1b
Rocker Assembly—Cast Steel. 105,600 Ib
Hand Rail..c.......... ..., 800 Lf.
Bubbler 8ystem........... .. LS.
Foundation Piezometers...... L.S.
Electrical................... 1.S.
Control Building........ e L.S.

We do not know what type of articulated
joints will be used between mnajor structures
founded on shale or earth foundations, and
have only made an allowance for conven-
tional water stops of copper, steel, and

rubber.
Item _
, No. N Item Quantity
600  COTEAU CREEK DAM
1.0 Strip and Waste . :
.1 Dam Foundation............ 62,000 cy
.2 Borrow Areas........... U 24,000 cy
2.0 Excavation—Impervious and
Haul to Embunkment. .. ..
.1 Dam Foundation............ 91,000 cy
.2 Borrow Area................ 613,000 cy

600

700

Item
No.

3.0
4.0

5.0

6.0

7.0
8.0
9.0

10.0

12.0
13.0

14.0

15.0

| &=
oM ~0OoO

[<>]

4.0

5.0

6.0

Item

Excavation Pervious in- Dam
Foundation and Haul to
Embankment.............

Excavation—Shale
Foundation and. Haul to

Foundation Preparation of ex-
posed shale......... e
Common Escavation for Toe
Drain and Haul to Embank-
ment or waste............
Place and Compact Impervious
FillinDam..............,
Place and Compact Previous
FillinDam...............
Furnish additional water for

Quantity

. 822,000 cy
21,000 cy

5,300 cy

1,000 cy
1,708,000 cy

1,498,000 cy

Compacting Fill........... 338 Mil. G.
Furnish and Place Gravel in
Toe Drain Trench........,. 1,100 cy
Place Select Pervious Fill in
v Downstream Filter Blanket,
-~ .and Toe Drain............ 60,500 cy-
Furnish and Placé Riprap-on B
Upstream face to Dam. . ... 66,000 cy
Furnish and Place Gravel

Filter Under Riprap........ . 33,000 cy
Furnish and Install Perforated

~ " Vit. Clay Pipe in Toe Drain i

9" Diameter................ 2,200 11,
12" Diameter............... 2,000 1.1,
Diversion and Care of Creek.. . LS,
THIRD MERIDIAM DAM
Ciear and Grub............. None
Strip and Waste.............
Dam Foundation............ 177,000 cy
Borrow Areas....... . . 165,000 cy
Common Exe, Dam Cut-off

and Haul to Embankment or

Waste................... 160,000 cy
Common Exc. for Upstream '

Blanket and Haul to Em-

bankment or Waste. ....... 150,000 cy
Common Exc. for Toe Drain

and Haul to Embankment

or Waste................. 2,000 cy
Excavate Impervious and

Haul to Embankment. .. ... 6,304,000 cy

7.0

Excavate Pervious and Haul
to Embankment.

tese e

1,567,000 cy

A s




An Estimate of Cost

Quantity

. 5,404,000 ey

662,000 cy

1,567,000 cy

417 Mil. G,

119,000 cy

60,000 cv

56,000 ey
1,500 cy
1,800 If
2,100 1If
1.500 If

1,020 cy
130,600 “Ib

Item
No. Item
700
8.0 Place and Compact Impervious
Fmbankment.............
1 Coreof Dam,..............
.2 Upstream Blanket......... ..
9.0 Placo and Compact Pervious
Embankment........... ..
10.0 Furnish Additional Water for
Compacting Fill....... oo
11.0  Furnish and Place Riprap on -
Upstream Face of Dam.. . ..
12,0 Turnish and Place Gravel
Filter under Riprap........
13.0 Furnish and Place Select Per-
vious Blanket under Down-
stream Yervious Zone of
Dam.....................
14.0 Furnish and Place Gravel in
Toe Drain Trench.........
15.0 Furnish and Place Perforated
Vit. Clay Pipe in Toe Drain.
.1 12" Diameter...............
—=727"15"” Diameler...............
16.0 Furnish and Place 18" Diam.
Cone. Drainage Pipe. .. ....
17.0 Conduit..........ccoovv....
1 Class A Concrete in Barrel
Seetion............ouut.
.2 TReinforeing Steel............
.3 Rubber waterstops in conduit
barrel............ o L,

.6 Pumping and Unwatering. ...
18.0
19.0

Intake Tower.,............. ,

600 1If
800 cy
I.S.
LS.
1.5,

800

233
Item
No. A Item Quantity
. ELBOW CROSSING _
1.0 ClearandGrub............. None
2.0 Strip and Waste............
.1 Foundation................. 117,000 cy
.2 Impervious Borrow Area. ..., 260,000 cy
.3 Pervious Borrow Area....... 337,000 cy
3.0 'Excavato Impervious Material
and Haul to Embankment. . 3,347,000 cy
4,0 Excavate Pervious Material ‘
and Haul to Embankment. . 2,315,000 ey
5.0 Place and Compact Imper-
vious Embankment........ 3,043,000 cy
6.0 Place and Compact Pervious
Embankment............. 2,315,000 cy
7.0 Furnish Additional Water for o
* Compacting Fill........... 530 Mil. G
8.0 Furnish and Place Riprap on
Upstream and Downstream ‘
Slopes.........ooiiiinn.. 210,000 cy
9.0 Turnish and Place Gravel Filter
under Riprar  .......... 105,000 cy
10,0 Conduit....................
.1 Struct. Exeavation.......... 4,000 cy
.2 Class AConerete............ 4,455 cy
.3 Reinforcing Steel....... e 489,000 b
.4 Pumping and Unwatering.. ... LS.
11.0  Accessand Haul Roads. .. .... LS.
RAILROAD RELOCATION
1.0 Build 32.8 M.—Abandon
21 M.............. S
2.0  Struct. Steel—Bridge and-Dam
.1 Structural Steel...... R 471,680 b
.2 Cast Steel—Shoes and Rockers 61,600 1b
CEMENT ........ v evvee.. 1,407,000 bbls
OPERATORS’ VILLAGE ...

LS.




“ﬂl ] ANTITY )
ITEM {TEM u MK ; ; S

THHEB
No. ' AMOUNT ot |3[R]5[3f3)3] 38
Access Railrood - ) R L.S, ;
Access ond houl roods ) - L.S.
Construction villoges ond shop facilities " L.S.
. Construction plant including oggregate and concrate plants ond plocement trastle . L.S. '
100 DIVERSION AND CARE OF RIVER
1, Cofferdams . , . . L.S. _
2, Wellpoints and dewatering o ) : . L.S. apoup
|20 ) WAINDAM :
Stoge ! Eost ond West Abutments .
2. Strip ond Waste : 702,000 Cy l
3 Excavete impervious in foundotions and borrow and houl to embonkment S 12,577,000 Cy :
4, " Excavate pervious in foundations ond borrow ond hau! to embankment . 8,588,000 Cy g '
9, Place ond compact impervious fill in embankment and upstreom bianket T 12,792,000 - Cy .
10, Place ond compact pervious fill in embonkment R T 11,604,000 Cy 1
(12, 1 T Ploce select pervious fill in downstream filters and toe drain ~ 753,000 Cy
13, ) Ploce riprop :— B . 215,000 Cy
22 Place dredgad fill below EI. 1646 635,000 Cy ofund,
1 ___Stoge ll- Closure Section - .
2. Strip and woste ) b 316,000 Cy
3. | Excovate impervious in borrow areas and houl to embankment 7,133,000 Cy 1
4, : Excavote pervious in borrow oreas ond haul to embankmaent 3,236,000 Cy
9. - Place ond compact impervious fill in embankment and upstreom blonket 6,466,000 Cy
10, . Place and compact pervious fill in embonkment : 5,590,000 Cy
14, Plage riprop 85,000 Cy
22, Place dredged fill below El, 1646 1,510,000 Cy
300 CONDUITS AND INTAKE . ’
.5 | Strip ond excavate common ond shole in foundation of conduit o 1,641,000 - | Cy
6 Concrete in preliminary paving of conduit excavation 20,000 Cy . op—r
6. Concrete in conduils ond intoke strucivre below El, 1670 —“ o 539,235 Cy o
[ Concrete in intake structure above El, 1670 - 39,885 Cy
6. Concrets in conduit portal structure ond approoch chonnel paving . 25,425 Cy
., Install plate steel linyr inconduits 33,000,000 Lb
13,1524 Instoll gates, guides, hoists, trashracks, crone ohd mlscolloneous metalwork 3,021,000 Lb
400 POWERHOUSE AREA .
JA R N N P IS -4.(3- 171 111 A -- - - LT 385,000 T Gy TR T T -
4,5 "Place concrete in stilling basin walls and paving ond in surge tenk bases 60,900 Cy
7,8 Install surge tanks and wye bronches ] 2,975,000 Lb
450 POWENHOUSE . .
1,2 Place concrate in substructure ond superstructure ond in switchyord . 46,750 Cy
56 Erect structural stesl in superstructure ond in switchyard 2,115,000 tb
17.19 Mechanical ond electrical major and ouxiliory instollations .
500 SPILLWAY - - - )
2. Strip and woste : 346,000 . Cy '
3. Excavate pervious ond impervious ond haul to embonkment or aggregote plant 9,727,000 Cy 1
3. ~___Excavate shale ond houl to waste 1,998,000 Cy
-4, - ~_Ploce pervious oad impesvious fill - ) o 1,295,000 Cy
10,11 Place concrete in ¢crest, chute and stilling bosin structures - - 240,985 Cy
18.21 Instcll gates, guides ond hoists and erect structural steel in bridge . 2,548,000 Lb
600 COTEAU CREEK DAM i . ‘
7,8 o Ploce and compact pervious ond impervious fill in dom 3,206,000 Cy ’
12, Ploce riprop 66,000 Co
700 THIRD MERIDIAN DAM :
8,9 __Place and compact pervious and impervious fill in dom and blunket § 7,633,000 Cy
11 Place riprop : . ) 119,000 Cy
12, Construct concrete conduit ond inloko structure : e
800 ELBOW RAILROAD CROSSING .
56 Place and compact parvious and impervious fill in embankment ] 5,358,000 Cy
10, Construct concrete conduit - 4,455 Cy
920 RAILROAD RELOCATION :
|8 ___Build 32.8 mi., obandon 27 mi. of trock - L.S.
2. Erect structural steel spillway bridge ) $33,280 Lb
1000 | FURNISH CEMENT : 1,497,000 Bbis oot
1100 | CONSTRUCT OPERATORS' VILLAGE e S - . : s LS.
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