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PRELIMINARY REPORT ON

EFFECTS OF CERTAIN MAJOR PROJECTS

IN THI SASKATCHEWAN RIVER DRAINAGEZ BASIN

GENERAL

In November, 1950, the Water Board staff issued
their Report #1 which set out tables of average monthly
natural and reocorded flows at certain points on the BSask-
atochewan River system.

In December, 1950, there was issued Report #2
which set out tables showing the average monthly flows at
certain points on the South Saskatchewan and Saskatchewan
Rivers which would pertain after full development of those
projects contained in Alberta's 1949 lrequest’. To sup-
plement this present report, three Tables (21, 22 & 23)
have been reproduced from Report #2 and are attached hereto.

This repart (#3) will indicate the effect of two
different stages of development in Albertaz on downstream
interests, both separately and together with the effect
of fairly full development in Saskatchewan. These three
assumptions form the four separate conditions of development
that have been investigated. These ars:

Condition A - ATter Alberta's request - assumed
full development of those projects contained
in Alberta's request to the Water Board and
recommended in 1949,

Condition B - same as above plus some additional
projects (Red Deer Project with Clearwater
Diversion, Carmengay, etc., Total = 1,700,000
acres).

Condition C - same as Condition A plus full de-

velopment of South Saskatchewan River Project




Plus other small Saskatchewan projects.
Condition D - same as Condition B Plus full de-
velopment of South Saskatchewan River Project

plus other small Saskatchewan projects,




LLBARTA ASSUMPTIONS

Table 21 (Report #2) gave the flow of the South
Saskatchewan River at the Alberta-Saskatchewan Boundary
for condition A (after Alberta's request).

. There was some question of what additlional pro-
jects to assume for "fairly full development in Alberta"
{(Condition B)., It was decided, however, to assume the

following in full operation:

Alberta's approved request = 1,256,000 acres
Ixtension of St. M.M.R.D.{1} = 30,000
Red Deer Project(2J = 350,000
Carmangay, Macleod, etc.(B} = 64,000

Total = 1,700,000 acres.

Viater supply studies were then instituted for the
Red Desr Project and it was found:

(a) that if 300 c.f.s. (the designated riparian
flow) was used for primary power production throughout the
year, then only 310,000 acres could be irrigated using Red
Deer water alone,

(b) that if 300 c¢.f.s, in the six summer months,
end 1,000 c.f,s, in the six winter months, were used for

(1) Allowance was previously made for this in tables of
flow alfter Alberta's request - see Report #2.

(2) 4 P,F.R.A. report by Mr. 5. H. Hawkins, dated April 30,
1947, assumed this project had 500,000 irrigable acres.
In 1948, Mr, B. Russell estimated 450,000 acres in this
project, Latest soils information indicates that this
area should be further cut down.

(3) some of the possible small Alberta projects are:

Carmangay - 12,000 acres
Macleod extonsion - 20,000
Pincher Cresk - 16,000

'Oldman: projects
Private projects
including sprinkiers ?

18,000

66,000 aores plus.




primary power production, then only 100,000 acres could be
irrigated using Red Deer water alone.

(¢) that if the Clearwater River were diverted into
the Red Deer busin, it would bs possible to irrigate 350,000
acres and use 300 c.f.s. in the summer, and 1,000 c.f.s. in
the winter, for primary power production.

The logical plen of development of the Red Deer Pro-
Jjeet appears to be to build the dam, immsdiately use 300 ¢.f.S.
in the summer and 1,000 c.f.s. in the winter to prodﬁce primary
power, and start the irrigation development. As soon as
100,000 acres were developed, the Clearwater River would be
diverted and the irrigation development continued until the
350,000 acres were irrigated. As the Clearwater diversion is
a profitable onegu)it is unlikely Alberta would not do this.

The resulting flows due to Condition B will there-
fore include the effect of diverting the Clearwater River
to assist in the development of the Red Deer Project. Table
26 sets forth the assumed diverted Clearwater flows, being
90% of the flows recorded at Rocky Mountain House.

The water required to irrigate the additional
smaller projects (Carmangay, ¢ho.) was eassumed to be dis-

tributed over a five-month period in the summer.

(4) This statement is bascd on the fact that if the Clearwater
River were not diverted, slberta could only irrigate
310,000 acres and produce primary powsr from 300 c.f,.s.,
instead of 1,000 c¢.f.s., in the six winter months. Thus
ths diversion should be oredited with the extra production
from 40,000 acres and the power revenucs from the additional
700 ¢.f.s., in the six winter months, or -~
H = 1651 Q = 700 c.f.s./6 months
KWH = 165 x 700 x 0.7456 x 4380 + 11 = 34,000,000 k.w.h.
If firm winter energy is worth 5 mills
Then the additional energy is worth = $170,000,00 annually
Annual costs of %1,000,000.00
capital cost @ 8%= 80,000.00

Net power revenues due to diversion = $ 90,000,00 annually,




The resulting monthly average flows for Condition B
at the Alberta-Saskatchewan Boundary will be found in

Table 27.

Flow-duration curves for the Boundary showing natural,
recorded, Condition A end Condition B flows will be found on

Figurs 3.




FLOWS FOR THE VARIQUS CONDITIONS

"Fairly full development in Saskatchewan® was de-
fined as full development of those projects approved by
the Water Board in 1950 (Swift Current Irrigation Projcet,
vte,) plus the South Saskstchewan River Project.

Two complete South Saskatchewan reservoir studies
were undertaken(5) assuming the two conditions of inflow (A
and B) from Alberta, It should be noted that the reeculting
flows downstream become Condition C with the Alberta inflow
eassumsd as Condition A: similarly Condition D flows result
from Condition B inflows..

Average monthly flows for the 1923-48 period have
been calculated for all pertinent points on the river for
the four conditions. The following tabulation sets out the
table numbers where these flows may be found. Stream flow

tables from the eurlier reports are ineluded..

Below

Flow type Alta-Sask. Bdry.  Saskatoon The Forks Le Pas

Natural Table 2 Table &4 Table 10 Table 12
Recorded " i " 3 1 9 " 1]
Condition A L 21 i 22 it 25 " 23
Condition B i 27 " 28 " 31 n 34
Conditicn C Co- u 29 i 32 i 35
Condition D - L 30 n 33 i 36

(5) Basic assumptions used in these two studies were:
Period of ysars investigated - 1923-48
Area irrigated in Swift Current Project = 21,000 acres
Area irrigated in this project = 455,000 acres including
land in Qu'Appelle Valley
Water required for gravity & pump irrigation = 74L0,000ac-1I't
Qu'Appells diversion = 84,000 acre-feet
Water required annually for irrigation pumping power =
305,000 - 450,000 acre-feet depending on rescervoir slev.
Seepage loss @ 100 c.f.s. continuously = 72,000 acre-feet
Evaporation loss @ 24 inches from reservoir surface
Available ressrvoir storage = 4,000,000 acra-feet
Allowable reserveir drawdown 1825 - 1785 = KO feet
Turbine-generator efficiency 8
Distribution of commer~ial energ
January - 13.0% May 5
February - 9,0 June - 4
4
7

i@

rgy production by months:
.0% September - 8.0%
] October - 11.0
5 November - 12.0
.0 December - 14.0

March - 7.0 July -
April - 5.0 August -




Flow-duration curves for the flow at the Alta-Sask.

Boundary, Saskatoon, below The Forks and at Le Pas, for

the various flow conditions, will be found in Figures 3, 4,

5 & 6 respectively.

The following tabulation summarizes the average

annual flows in ascre-feet for the period October 1923 to

September 1948 .

set out above,

These are taken from the equivalent tables

Averagze Annual Flows in Acre-feet: 1923-48
Below
Flow type Alta-Sask Bdry. Seskatoon The Forks Le Pas
Natural 6,966,000 7,141,000 13,196,000 16,278,000
Recorded 6,305,000 6,477,000 12,531,000 15,620,000
Condition A 5,008,000 5,185,000 11,239,000 14,318,000
Condition B L ,869,000 5,047,000 10,568,000 13,644,000
Condition C - 4,192,000 10,246,000 13,302,000
Condition D - 4,055,000 9,571,000 12,632,000

The following sets out the average annual flows in

acre-feect for the most critical seven-year periocds of record.

Average Annual Flows in Acre-Feet

Alta-sask., Bdry. Le Pas

Flow type (1934-41) (1935-42)

Natural 5,300,000 13,058,000
Recordaed 4,480,000 12,217,000
Condition A 3,442,000 11,169,000
Condition B 3,261,000 10,496,000
Condition C - 10,338,000
Condition D - 9,727,000




HYDROPOWER POSSIBILITIES

The changes in hydropower potentialities duc to the
changes in flow from the four conditions were roughly in-
vestigated., As the Water Board has already re¢commend=d the
approval of Alberta's 1949 request, this condition (A) was

used as the basis (datum) for showing these changes.

Alberta

Condition A allows for full development of Calgary
Power Limited's plants in the Bow River Basin. Condition B
brings into being the power plant associated with the Red
Deer Project. This plant would produce fimm energy from 300
¢.r'.s8. during the six summer months and from 1,000 c.f.s. in
the six winter months plus an undetermined amount of second-
ary power. Ths amount of firm cnergy produced annually by

this project would be 65,000,000 k.w.h.

Saskatchewan

Figures 1 and 2 are prdfiles of the South Saskatche-
wan and Saskatchewan Rivers respectively showing locatiocns
of proposed hydroplants. Saskatchewan's potential hydro-
developments are found in three difforent reaches of these
rivers: on the south vaskatchewan River upstream Irom Sask-
atoon (containing South Saskatchewan River Project); on the
South Saskatchewan River between Saskatoon and The Forks
(containing two 75-foot plants); and on the Saskatchewan
River below The Forks (containing two 120-foot and one 50-foot
plants).

The reservoir studies far the South Saskatcheowan
River Projcct, referred to previously, gave the following as

its potential power output,




S, Sask. River Project Output in K.W.H.

Type of Energy Condition C Condition D
Firm commercial 350,000,000 325,000,000
Firm pumping 50,000,000 50,000,000
Secondary commercial 100,000,000 100,000,000

The output of the potential hydroplants downstream
from Saskatoon was calculated using the following procodurc:
(a) A plant capacity was arbitrarily chosen.

(p) The firm energy was thoen caelculated from
curves of average monthly flows available 90% of the time,
limited, of course, by the assumed capacity, see¢ Figure 7
(this figure was obtained fram 'monthly' flow-duration
curves prepared for each station, see Figure 9 for an ox-
ample) .

(e} The sscondary <nergy was calculated by ob-
taining the arca under the flow-duration curves (Figurcs
3 to 6) and the equivalent capacity, converting this
into gross energy production and subtracting the firm energy
production.

The combined output of the two 75-foot hydroplants
proposed on the reach of the river between Saskatoon and
The Forks was found to be:

Output in X.W.H.

Flow Combined December Annual
Capacity - K.W. Firm Firm
Condition A 70,000 19,000,000 276,000,000
Condition B 70,000 24,500,000 232,000,000
Condition C 70,000 42,500,000 343,000,000
Condition D 70,000 40,000,000 323,000,000




1o

Similarly: the combinad output of the three pro-
posed plants downstresm from The Forks (Fort a la Corne -

120", Nipawin - 120' and Squaw - 50') was found toc be:

Combined Output in K.W.H.

Combined December Annual
Flow Capacity-K.W, Firm Firm
Condition & 225,000 53,500,000 1,240,000,000
Condition B 225,000 69,000,000 1,240,000,000
Condition C 270,000 97,000,000 1,470,000,000
Condition D 260,000 89,000,000 1,390,000,000
Manitoba

Manitobe has two ma jor power projects dependent to
some extent on the waters of the Saskatchewan River: the
Dauphin River Power Project where these waters are diverted
into the Dauphin River drainage basin, and the Nelson River
powsr drops.

With the aid of data obtained from the Manitoba
Water Resources Branch, a preliminary cstimate has been made
of the potential output of the Dauphin River Power Project(7)
with the following results (see Figure 8 for average monthly
flows avallable 90% of the time at Le Pas, and Figure 10 for

the mass curve used for Condition D):

(7) Basic assumptions used in this study were:

Dimensions of Mossey Portage channel; width = 600 ft,.
bottom elevation = :
Limits of controllable elevations in lakes;

Cedar Lake 836.5 to 830,2

Lake Winnipecgosis 836.0 to 830.0

Lake Manitoba 812.5 to £809.5
Power head = 301

mn
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Qutput in K.W.H.

Regulated Outflow Annual

Flow. Continuous ¢.f,ss  Ac.Fti pur yr, Firm
Condition A 16,150 11,692,000 863,000,000
Condition B 151330 11,098,000 819,000,000
Condition C 15.750 11,403,000 g1,2,000 000
Condition D 14,940 10,816,000 798,000,000

It is difficult to arrive at conclusions regerding
the power potential of the Nelson River. It is, however,
relatively simple to assess the effect of upstream diversions
on this potential., As it is likely the Dauphin River Power
Project would be in operation before the Nelson River hydro-
plants are fully developed, it is only necessary to calculate
the loss in encrgy production Trom the decreascs in the regu-
lated outflows from the Dauphin River powerplant due to the
different conditions. This has been done assuming (a) a
combined drop of 500 feet on the Nelson River and (b) Condition
A is the datum from which the energy losses are calculated
for the other conditions of flow.

Flow Decrease in Loss in Firm
flow-¢.f,s, Annual Jdnergy-k.w.h.

Condition A 0 0

Condition B 820 243,000,000

Condition ¢ 400 118,000,000

Ceondition D 1,210 360,000,000
Summary

The following table summerizes the prececding data
on the effeect of the differcent conditions of flow on firm
annual power potentialitics, always using Condition 4 as

the datum (i.e. the effeet of Condition A flows = 0).




Effect in '000,000 k.w.h.

Total Effect

Flow type alta., Sask.. Man. in K.W,H.
Condition A 0 0 0 0
Condition B +65 =LA -283 -262,000,000
Condition C 0 +647 -139 +573,000,000
Condition D +65 +522 =425 +162,000*000

12
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CONCLUSIONS

This preliminary study presents the effeet, each
upon the other, of all the existing aend most of the pro-
pesed projects in the Saskatchewsn River drainage basin.
The major projects included wers: existing projects in
Alberta, the Rcd Deer irrigation and power project, the South
Saskatchewan irrigation and power project, five additional
power projects in Saskatchewan and the Dauphin River and
Nelson River power projects in Manitoba,

The following table summarizes theé total effuct on

the irrigation and power potentialities in this drainage

basin.

iffeet on firm Effeet on irrigable
Flow type Annual energy-k.w.h,. arga - aeres
Condition A 0 0
Condition B -262,000,000 +414L,000
Condition C +508,000,000 +480,000
Condition D +162,000,000 +894,000

This study is preliminery inasmuch as certain
phases of the problem have only been studied in o rough
fushion or have been neglected completuly. &Some of these
factors are:

1. The Red Deer Project has had only a rough month-
by-month study, a more intensive study should be made.

2, The feasibility of winter diversion from the
Clearwater River was not investigated although winter di-
versions were assumed herein,

3. Possible diversions from the North Seskotchewen
River were not considered,

4. Headwater storage possibilitics on the Clear-
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water and North Saskatchewan River were not considersd,

5. Headwater storage possibilities on the South
Caskatchewan tributaries wer:s not considered,

6. Effeets in Manitoba, other than power production,
were neglected (leke levels, river levels, ete,.),

7. Flood-control, navigation, fish and wildlife,

social and economic effeects have been ignored.
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