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SYNOPSIS

The average annual natural flow of Red Deer River at the
Saskatchewan-Manitoba boundary is 592 000 dam3 on a water year basis
or 530 000 dam3 on a calendar year basis. Average annual consumptive
water use in the Saskatchewan portion of the basin now amounts to
approximately 1740 dam3, 0.3% of the average annual natural flow.
Man-made drainage projects within the Saskatchewan portion of the basin
currently increase the natural effective drainage area by 936 km2, or
11.1%, at the interprovincial boundary. It is estimated that this
increased effective drainage area contributes an average annual flow
volume of 47 100 dam3. The cummulative net effect of consumptive
water use and man-made drainage is to increase the average annual flow
at the interprovincial boundary by 45 400 dam3, or 7.7%.

The present (1986) level of consumptive use (including drainage)
in the Saskatchewan portion of the Red Deer River basin would not, on
an annual basis, have exceeded Saskatchewan’s 50% share of the natural
flow at the Saskatchewan-Manitoba boundary at any time during the 74-
year period 1912-13 to 1985-86. In fact, as a direct resuit of
drainage improvements, Saskatchewan would have increased the annual
flow at the natural condition by a minimum of 1.9% (corresponds to the
water balance period 1954-55). The average annual quantity of water
which would have been delivered to Manitoba in excess of 50% of natural
flow would have amounted to 342 000 dam3.

At the present time, the existing hydrometric network provides
adequate hydrometric data for calculating the natural flow of Red Deer
River at the Saskatchewan-Manitoba boundary. Ideally, a hydrometric
gauging station at the interprovincial boundary would provide a more
accurate estimate of natural flow. However, an accurate estimate of
natural flow at the boundary is not required until water uses in the
Saskatchewan portion of the basin become significant. Monitoring of
apportionment is not required at the present time because the uses in
the Saskatchewan portion of the basin are minimal and drainage projects

actually increase the flow above what would have occurred under natural
conditions.
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INTRODUCTION

& & ¢h @

The Red Deer River natural flow study is one of a series of natural
flow studies conducted for the Prairie Provinces Water Board. Following
completion of the Prairie Provinces Water Board’s study on
determination of natural flow of the North Saskatchewan, South
Saskatchewan, Saskatchewan, Churchill, and Qu’Appelle River basins in
1977, the Board agreed to have other interprovincial basins studied to
determine if monitoring of flow for apportionment might be required.
Eighteen interprovincial basins, including the Red Deer River basin,
were initially identified and assigned a priority. Two additional
basins, Beaver River and Overflowing River, were subsequently added to
the Tist. The Board agreed that the basins would be studied in order
of priority as funds and time became available.

This report on ‘Natural Flow, Red Deer River at Saskatchewan-
Manitoba Boundary’ describes the basin geography, water use and
drainage development within the basin, and the derivation of historic
natural flows at the Saskatchewan-Manitoba boundary. The present
{1986) level of use is analyzed in conjunction with natural flows to
determine the potential for apportionment deficits now and in the
foreseeable future. The procedure to be wused for the future
calculation of natural flow is also provided, and the adequacy of the
existing hydrometric network for the determination of natural flow at
the interprovincial boundary is assessed.






BASIN GEOGRAPHY

The Red Deer River originates at the outflow channel of Nut Lake in
east-central Saskatchewan, west of the Porcupine Hills, approximately
31 km north of the Town of Kelvington, Saskatchewan (see Figure 1).
The river flows approximately 20 km northward before being joined by
the Barrier River, one of two major tributaries. From the junction
with Barrier River, the Red Deer River turns eastward, running along
the southern edge of the Pasquia Hills. Immediately south of the Town
of Hudson Bay, Saskatchewan, the Red Deer River is joined by its second
major tributary, the Etomami River. From this juncture, the Red Deer
River flows in an easterly direction for approximately 50 km before
passing into Manitoba. After entering Manitoba, the river continues
flowing east for approximately 18 km where it discharges into Red Deer
Lake. Outflow from Red Deer Lake in Manitoba passes through Lake

Winnipegosis, Lake Manitoba, and Lake Winnipeg and flows on to Hudson
Bay.

Most of the drainage basin is classified as forest area with aspen
and spruce cover. In the portion of the basin below the Town of Hudson
Bay, the vegetation changes to swampy areas of peat bog, muskeg,
stunted trees and some spruce, aspen and poplar growth.

The topography of the area provides reasonably well-drained condi-
tions throughout the basin (i.e. current effective to gross drainage
area ratio is in the order of 0.8). However, in certain portions of
the basin, runoff is retarded by several small lakes. Consequently,



the unit runoff in these areas is probably somewhat Tower than for the
rest of the basin.

The natural (i.e. before any man-made drainage works) gross and
effective drainage areas of the Red Deer River basin at the
Saskatchewan-Manitoba boundary are 11 800 km? and 8425 kmz, respec-
tively. None of the flow in the Red Deer River at the boundary
originates in Manitoba. A table of gross and effective drainage
areas(l) for key points in the basin 1is provided 1in Figure 1.
Appendix C, Table C-1 1ists the gross and effective drainage areas at
the present (1986) level of drainage development for all Water Survey

of Canada hydrometric gauging stations Tocated in the Red Deer River
basin.

The Red Deer River is classified as a perennial stream. Snowmelt
in the spring contributes to high flows which rapidly give way to a
generally diminishing base flow, resulting from marsh drainage and
groundwater contribution, which persists through the remainder of the
year. The median and mean annual natural runoff volumes of Red Deer
River at the Saskatchewan-Manitoba boundary are 473 900 dam3 and
592 500 dam3, respectively. These values were determined from the

array of natural flows at the interprovincial boundary as presented in
Appendix B, Table B-5.



BASIN WATER USE

Water Use Projects

Five relatively major consumptive water use projects are located
within the natural effective drainage area in the Saskatchewan portion
of the Red Deer River basin.

1. Merle Lake - SE25-41-13-W2
Storage Capacity at FSL = 109 dam3

2. McArthur East Lake - SW25-41-17-W2
Storage Capacity at FSL = 88.0 dam3d

3. Greenwater Lake - NW13-41-11-W2
Storage Capacity at FSL = 54 621 dam3

4, Round Lake - NE18-39-10-W2
Storage Capacity at FSL = 15 930 dam3

5. Salkeld Lake - SE32-37-12-W2
Storage Capacity at FSL = 232 dam3

Merle Lake (Water Rights #14819) 1is 1licensed for an annual
diversion of 31 dam3. Constructed in 1984 by Ducks Unlimited, the
structure raises the level of existing Merle Lake from the natural FSL
capacity of 42.2 dam3 to 109 dam3. The simulated average annual
reduction in outflow volume from Merle Lake resulting from the increase
in FSL over the period 1984 to 1986 was 31.4 dam3. (Over the

simulated period 1912 to 1986, the existing project would have reduced
the average annual outflow volume by 11.1 dam3.)




McArthur East Lake (Water Rights #13738) is licensed for an annual
diversion of 56 dam3. Constructed in 1980 by Ducks Unlimited, the
structure creates a lake with a storage of 88.0 dam3 at FSL. The
simulated average annual reduction in streamflow caused by the project
over the period 1980 to 1986 was 66.7 dam3. (Over the simulated
period 1912 to 1986, the existing project would have reduced the
average annual outflow volume by 40.6 dam3.)

Greenwater Lake (Water Rights #4111) is licensed for an annual di-
version of 3700 dam3. The first of two structures built on the out-
let of Greenwater Lake was constructed in 1964, This structure raised
the 1lake storage at FSL from 37 254 dam3 (natural conditions) to
54 621 dam3. In 1973, a second ({existing) structure was built
downstream of the first dam but it did not change the storage at FSL.
The simulated average annual reduction in outflow volume from
Greenwater Lake caused by the increase in FSL over the period 1964 to
1986 was 2027 dam3. (Over the simulated period 1912 to 1986, the

existing project would have reduced the average annual outflow volume
by 1033 dam3.)

Round Lake (Water Rights #12223) is licensed for an annual diver-
sion of 1554 dam3. In 1958, PFRA constructed an outlet control
structure on Round Lake which raised the lake storage at FSL from
8736 dam3 (natural conditions) to 12 960 dam3. In 1974, the outlet
control structure was modified which resulted in the lake storage at
FSL  increasing to 15 930 dam3. The simulated average annual
reduction in outflow volume from Round Lake caused by the increase in
FSL over the period 1958 to 1986 was 319 dam3. (Over the simulated

period 1912 to 1986, the existing project would have reduced the
average annual outflow volume by 146 dam3.)

Salkeld Lake (Water Rights #7002 and #12826) has no licensed annual
diversion. In 1960, Ducks Unlimited constructed an outlet control
structure which raised the lake storage at FSL from 460 dam3 (natural
conditions) to 1034 dam3. In the years following construction of the
dam, local area farmers complained of flooding, which was seen locally
as being caused by the Ducks Unlimited structure. In 1966, the outlet
channel of Salkeld Lake was dredged and was connected with a channel
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excavated around the embankment and into the lake, which dropped the
lake storage at FSL to its current (1986) volume of 232 dam3. The
simulated average annual reduction in outflow volume from Salkeld lake
caused by the changes in FSL over the period 1960 to 1986 was -19.2
dam3 which meant that the annual spill volume from Salkeld Lake over
the 27-year period was, on average, 19.2 dam3 more than had the lake
remained in its natural state. (Over the simulated period 1912 to
1986, the existing project would have increased the average annual
outfiow volume by 96.1 dam3.)

Several licensed and unauthorized minor water use projects are lo-
cated within the effective drainage area in the Saskatchewan portion of
the Red Deer River basin. Information on licensed minor water use
projects was obtained from the Saskatchewan Water Corporation. Unautho-
rized water use projects were identified on aerial photographs and then
investigated during a June, 1987 field trip. This field assessment in-
volved quantitatively estimating the amount of use (including evapora-
tion losses) for all man-made storages and interviewing local residents
to determine the period of time each project had been in operation.

Four towns {Kelvington, Lintlaw, Porcupine Plain and Rose Valley)
in the Saskatchewan portion of the Red Deer River basin obtain their
water from wells, but discharge their sewage effluent into tributaries
of the Red Deer River. The effluent volumes from these towns and the
Town of Hudson Bay (which obtains its water supply from the Fir River
Reservoir) were considered significant enough for inclusion in
calculation of natural flows. (Effluent from other communities in the
basin, as indicated in Appendix A, Table A-1, was not considered to be
significant.) Monthly effluent discharges from each town’s sewage
system were estimated from water consumption records and historic
system operation. Effluent discharge from these Tagoons was assumed to
have occurred year round with the monthly distribution set equal to the
monthly municipal pumpage (when pumpage records were available). When
no town pumpage or lagoon release records existed, town pumpage was
estimated based on the water right allocation, and effluent discharge
was assumed to occur uniformly over 12 months.



An itemized list of all historic water uses within the effective
drainage area of the Red Deer River basin is provided in Appendix A,
Table A-1.

Drainage Projects

The Red Deer River basin is interspersed with numerous regions of
flat, wet and generally poorly-drained areas. As more areas within the
basin were developed over the years to accommodate an increasing
farming population, the need to deal with the problem of inadequate
surface water drainage arose. The historical solution to this problem
has been the construction of both crude and sophisticated drainage
ditches. A1l ditches that drained areas within the Red Deer River
basin were considered to affect natural monthly flow volumes of the Red
Deer River at the interprovincial boundary. The effect of these
drainage projects was assumed to vary from year to year depending upon
the magnitude of the annual runoff.

For purposes of this study, all drainage projects which altered the
natural effective or gross drainage area were considered. Appendix A,
Table A-3 Tists all drainage projects that affect the flow of the Red
Deer River basin at the Saskatchewan-Manitoba boundary. From Table A-
3, the total increase in effective drainage area to the boundary from
all drainage projects (as of 1986) was 936 kmZ, which represents an
11.1% increase 1in the natural effective drainage area. The total
increase in gross drainage area to the boundary from all drainage
projects (as of 1986) was 26.5 km2, which represents a 0.22% increase
in the natural gross drainage area.

The increase in flow volume of the Red Deer River at the
interprovincial boundary resulting from all upstream drainage projects
far exceeds all depletions (within the effective drainage area) due to
water uses. Hence, the net effect of basin water uses and drainage

projects is to increase the overall yield from the Red Deer River basin
at the Saskatchewan-Manitoba boundary.



NATURAL

FLOW
CALCULATIONS

Natural flow, the quantity of water which would have been recorded
under natural conditions (i.e. prior to the effect of human
interference or intervention), was derived by adjusting recorded flow
for both historic water uses using the Project Depletion Method(2)
and for historic drainage projects. The natural flows were
transferred, as appropriate, from the gauging station Red Deer River
near Hudson Bay (05LC002) to the gauging station Red Deer River near
Erwood (05LC001), and the resultant partial array was extended to cover
the 75-year historic period 1912 to 1986. The natural flows were then

transferred to ~the Saskatchewan-Manitoba boundary using annual
contributing drainage area ratios.

The hydrometric gauging station, Red Deer River near Hudson Bay
(05LC002), was established in 1913 and operated for seven years until
1919. It was reactivated in 1950 and operated for four years until
1953. In 1954, the station was moved 18 km downstream and since then,
it has been operated as the hydrometric gauging station Red Deer River
near Erwood (05LC001). The arrays of recorded monthly mean flows for
these two stations are shown in Appendix B, Tables B-1 and B-2.

A hydrometric gauging station, Red Deer River near the Mouth, Lake
Winnipegosis (05LC004), was established in 1956 and has been operated
since then. However, this station was not used in the present study
because it is located downstream of a major water body, Red Deer Lake,
which significantly affects the flows.



Historic upstream water uses within the natural effective drainage
area of the Red Deer River basin, as shown in Appendix A, Table A-1,
were determined on an annual basis as a function of estimated water use
(including evaporation) and available inflow. The estimated annual
water uses varied from year to year because of the variable net
evaporation and the limitation of restricting annual water use in any
given year to available flow. A1l of the water use projects in
Table A-1 are within the natural effective drainage area of the Red
Deer River basin above the hydrometric gauging station Red Deer River

near Erwood (05LC001) and thus were wused in the natural flow
calculations.

The variable estimated monthly water uses for all projects located
above each of the two hydrometric gauging stations were lagged down-
stream and added to the appropriate recorded monthly mean flows of the
gauging stations. The effect of historic drainage projects was then
taken into account by dividing the flow array at each gauging station
(after all water uses had been added) by an array of ratios represent-
ing the percentage increase (in each year of the period 1912-86) in
contributing drainage area at the respective gauging station. [For
example, there was no record of any drainage projects affecting the
natural effective drainage area before 1940. However, in 1986, the
effective drainage area of O05LC001 was 8555 km2, a 12.1% increase
over the natural effective drainage area of 7633 km2.] The
resulting natural monthly mean flows for the station O05LC002 were
transferred downstream to the hydrometric station 05LC001 using annual
contributing drainage area vratios to produce an array of natural
monthly mean flows of Red Deer River near Erwood (05LC001) for the
years 1913 to 1919 and 1950 to 1986. Natural monthly mean flows for
periods of missing record in the years 1912 to 1986 were estimated from
recorded and natural flows in adjacent drainage basins.

For the months March to November, missing natural monthly mean
flows of Red Deer River near Erwood (05LC001) were estimated using the
regression equations presented in Appendix B, Table B-3. Priorities
were assigned to the regression equations on the basis of the adjusted
(to account for degrees of freedom) coefficient of correlation, the
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adjusted standard error of estimate, the magnitude of the intercept,
and the overall hydrologic validity of each equation. The regression
equation assigned priority No. 1 was used to estimate as many missing
values as possible, then the regression equations assigned priorities
No. 2, 3, 4 and 5 were used to estimate values which had not been esti-
mated from higher priority regression equations. The variables used in
these regression equations were selected on the basis of hydrologic
similarity and their potential for providing estimates of flow for
periods of missing data,

For the months December to February, missing natural flows of Red
Deer River near Erwood (05LC001) were derived by regression analysis
with estimated natural flows(3}) of Swan River near Minitonas
(O5LEC06). (The station Assiniboine River at Brandon (05MH001) had
previously been used to estimate missing winter flows for the base sta-
tion, Swan River near Minitonas, because it was the only station in the
vicinity that had naturalized winter flows which covered the period of
missing winter data.) The summed winter flows for periods of missing
record at O05LC001 were first estimated from the regression equation,
and then distributed to each month as a fixed percentage of the
estimated flows, based on the 1913-14 and 1973-86 recorded period at

05LC002 and O5LC001: 49% to December, 28% to January and 23% to
February.

Natural flows of Red Deer River at the Saskatchewan-Manitoba
boundary for all months in the period 1912-86 were determined using
only the natural flows derived for the hydrometric gauging station Red
Deer River near Erwood (05LC001). The natural monthly flows derived
for this gauging station were transferred to the interprovincial bound-
ary by annual contributing drainage area ratios. The resulting natural
monthly mean flows for Red Deer River at the Saskatchewan-Manitoba
boundary for the water years 1912-13 to 1985-86 are shown in
Appendix B, Table B-5.

Caution should be exercised by users who may wish to utilize this
data base in conducting other studies. Such data users should
recognize the Tlimitations of the estimates which were made. The
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estimates have been published because it 1is wunlikely that better
estimates of streamflow can be generated based on the present level of
hydrologic expertise in estimating missing streamflow data. These
estimates provide an adequate means of evaluating the effect of present
consumptive water use in Saskatchewan on flows of Red Deer River at the

Saskatchewan-Manitoba boundary over the 74-year historic period 1912-13
to 1985-86.

- 12 -



o

h

PRESENT USE

\,

FLOW CALCULATIONS

An analysis was made to determine whether present (1986) use flow
(including drainage) of the Red Deer River at the Saskatchewan-Manitoba
boundary would have been less than 50% of the natural flow, under the
terms of the 1969 Master Agreement on Apportionment, in the period
1912-13 to 1985-86. A monthly array of uses was created, assuming that
all current water wuses and drainage projects upstream of the
Saskatchewan-Manitoba boundary were in existence for the entire study
period. (A1l Ticensed and unauthorized projects were Jlocated in
Saskatchewan.) The existing water uses within the natural effective
drainage area of the Red Deer River basin upstream of the
interprovincial boundary were determined for the study period on an
annual basis as a function of estimated water use (including
evaporation) and available inflow. The estimated annual water uses
varied from year to year because of the variable net evaporation and
the Timitation of restricting annual water use in any given year to
available flow. The net increase in flow brought about by the existing
(as of 1986) drainage projects within the Red Deer River basin was
developed as an array of flow at the interprovincial boundary over the
study peried. This array of excess flow was subtracted from the array
of current water uses upstream of the Saskatchewan-Manitoba boundary to
form an array of monthly water use and drainage project contribution
(Appendix A, Table A-5). This array of monthly uses and drainage
contributions was subtracted from the natural flows at the
interprovincial boundary to produce an estimate of monthly flows
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{Appendix B, Table B-6) which would have been recorded at the
Saskatchewan-Manitoba boundary during the period 1912-13 to 1985-86 had
the present (1986) level of use and drainage been in effect for the
entire period.

An array of one-half the natural flow at the interprovincial
boundary was then subtracted from the array of natural flows adjusted
for present use (Appendix B, Table B-6). The residual monthly flows
{Appendix B, Table B-7) provide a picture of the balance-of-flow
situation for the Red Deer River over the 74-year historic period 1912-
13 to 1985-86. With the exception of two months (September, 1961 and
March, 1962), Manitoba would have received at Teast 50% of the natural
flow on a monthly basis during the entire period.

Table B-7 indicates that Saskatchewan would have always passed at
least 50% of the natural flow of the Red Deer River at the
interprovincial boundary on an annual basis during the 74-year period.
In fact, Saskatchewan would have increased the annual natural flow by a
minimum of 1.9% {corresponds to the water balance period 1954-55) under
the present (1986) level of development, and Manitoba would have
received an average annual volume of 342 000 dam3 in excess of its
50% share, or 107.7% of the natural flow.
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PROCEDURE FOR
FUTURE CALCULATION
OF NATURAL FLOW

If it becomes necessary to formally monitor the apportionment of
streamfiow in the Red Deer River basin, natural flow calculations would
have to be performed on a regular basis to ensure that Manitoba
receives its share of the flow. Natural flows of Red Deer River would
be computed using the Project Depletion Method, based on the
generalized equation:

UNat = (QRec + ND) / (NCD)

where:
QNat is the natural flow at the hydrometric station,
QRec is the recorded flow at the hydrometric station,

ND is the net depletion of streamflow at upstream water use
projects, and

NCD is a factor to account for the net contribution to streamflow
due to upstream drainage projects.

The net depletion of streamflow at upstream water use projects (ND)
may be computed as the sum of:

1. water withdrawal for human or livestock use, less the portion
of this withdrawal which is returned to the stream or
reservoir,

2. net evaporation (gross evaporation minus precipitation) from
the reservoir, and

3. change in reservoir storage over the specified time interval;
an increase in storage is considered a  positive
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(+) net depletion while a decrease in storage is considered a
negative (-) net depletion.

The factor (NCD) which accounts for the net contribution to
streamflow at the hydrometric gauging station due to upstream drainage
projects is computed as the ratio of the current contributing drainage
area of the gauging station (as influenced by drainage projects) to the
natural contributing drainage area of the hydrometric gauging station.
The contributing drainage areas vary from year to year depending upon
the magnitude of the annual runoff.

For purposes of the Red Deer River natural flow study, monthly
recorded flows of Red Deer River near Erwood (05LC001) were adjusted
for upstream minor water uses (including evaporation losses), municipal
sewage effluent discharges, storage and evaporation in major projects,
and upstream drainage works. The estimation of effluent discharges
required various assumptions regarding operation of sewage Tlagoons
serving the Towns of Hudson Bay, Kelvington, Lintlaw, Porcupine Plain
and Rose Valley. Similarly, estimation of streamflow depletion from
major projects required monthly simulation of Merle Lake, McArthur East
Lake, Greenwater Lake, Round lLake and Salkeld Lake. Historic monthly
water uses were lagged to account for the time of travel from the point
of use to the hydrometric gauging station. The present (1986) Tevel of
consumptive water use in Saskatchewan was determined to be only 0.29%

of the average annual natural flow of Red Deer River at the
Saskatchewan-Manitoba boundary.

Future calculations of natural flow need not be conducted in such
detail until monitoring for apportionment is required. Simplifications
can be made to the calculation procedure without unduly affecting the
accuracy of the resulting natural flows. The 1986 level of minor water
use, sewage effluent discharge and major project use can be used each
year until basin water use increases significantly, the lag time of
monthly water uses can be ignored, and the return period for recorded
annual runoff can be obtained from a linear relationship.

Table 1 illustrates the recommended procedure for calculating
natural flows of Red Deer River at the Saskatchewan-Manitoba boundary
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for the 1985-86 water balance period. The calculated annual natural
flow at the interprovincial boundary of 587 300 dam3 is within 1% of
the 593 000 dam3 annual natural flow determined using the detailed
calculation procedure.

Table 1

Natural Flow Calculations for 1985-86
Red Deer River at the Saskatchewan-Manitoba Boundary

Net Depietion of Streamflow Natural Flow
Rocorded Flow Partial
at 05LC001 Etfluent(2} Natural Flow(4? 0500001 43} Sask-Map
Minor Uses®!? | Discharge [Mejor Projectst3? | st 05LOOOT Boundary (9’
Month {m*/s) (dam®} (dam*} (dam*) {cam®} {dam*) {dam*} {m®/s) (m*/s}
Aprit g3.4 242 092.8 188.8 -45.0 3 320,0 245 556.6 222 223,72 | 85.7% 94,307
May 68.5 183 470.4 72.4 -47.,0 592.0 184 087.8 166 595.3 | 62,200 68.420
June 26.0 67 392.0 96,5 43,8 -1 376.6 66 068.1 50 7901 | 23,067 25.374
July 9,59 25 685,9 128.3 -43,2 -781.5 24 9793 22 605,7 | 8.440 9.284
August B.51 22 793.2 114.9 -a¢.7 -325.9 22 541.5 0 399.5 | 7.616 B.378
Saptember 3,30 8 553.6 61.9 -38,2 -90.4 & 486.9 7 680,5 | 2,963 3,259
October 7.01 18 775.6 60,1 -38.8 -39.3 18 766.6 16 983,31 6.341 6.975
November 3,07 7 957.4 48.6 -41.1 -2,2 7 944,77 7 189.8 2,774 3,051
Bacembar 1.24 33212 51,6 -44.2 -12.2 3 316.4 3001.3¢ 1.121 1,233
January 1.13 3 §26.6 53.5 -45.1 -7.0 3 028.0 2 7403 1.023 1.125
February 0.622 1 504.7 50,2 -42.4 -3.8 1 408.7 1 365.3 | 0.564 0.620
March 141 3 776.5 52.9 -46.5 -110.1 3 672.8 33238 | 1.241 1.365
{g:#) 588 349.9 988.5 -516.0 1135,0 589 957,4 533 898, | 587 287.9
1)

(2)

3

(4

{5

6

)

)]

1986 level of minor water use (including gross diversions by municipal surface water users).

Estimated 1985-86 affluent discharge from the Towns of Kelvington, Lintlaw, Porcupine Plain, Rose Vallasy and Hudson Bay.
(Effluent from other communities in the basin as indicated in Appendix A, Table A-1, was not considered tc be significant.)

Estimated as the average net depletion of streamflow resulting from the simuiated current operation of Merle lLake, McArthur
East Lake, Greenwster Lake, Round Lake and Salkeld Lake over the period 1912-86,

Calculated as the sum of recorded flow and net depleticn of stresmflow due to minor uses,

effluent discharge and major
projects.

Calculated by dividing the partial natural Hou“) at O5LC001 by a contributing drainage area (CDA} ratio of 1,105 to remove

the effect of current (1986} drainage projects on the tlow regime above 05LC001, This CDA ratio, which will vary annually,
determined using the following three-step procedure,

is
Step 1. The return period corresponding to the calculeted partial patural flow volume is determined by interpolating e
straight-line relationship on lognormal probability paper between values of 500 00D dem® at a Z-yesr return period
and 1 400 00D dam® at a 500-year return period. (These coordinates were determined from a frequency analysis of

calculated partisl natural flows for water years based on the period 1973-74 to 1985-86.) In this exampla. an annual
voiume of 589 8574 dem’® corresponds to a return periocd of 3.2 years,

Step 2. The CDA corresponding to the celculated return perjod (from step '} is determinmed for both natural and present
drainage conditions by interpolating appropriate straight-line relationships on lognormal probability paper. For the
natural condition, an effective drainage area (EDA) of 7633 km? is associated with s 2-year return pericd, and =
gross drainage area {GDA} of 10 963 km* is associated with a 500-vear return period, For the present draipage
condition, an EDA of 8553 km® is associated with a 2-year return period, and a GDA of 11 019 km® is associated with a
500-year return period, (The EDA and GDA values for the drainage condition should be chapged if future drainage
development affects the EDA and/or GDA} For calculated return periods of less than 2 years or greater than 500
yeers, the respectiva £DA and GDA values are usad, [n this example, a natursl CDA of B100 km? and a present drainage
condition CDA of 8950 km® were detaermined to correspond tc the calculated return period of 3.2 years,

Step 3. The CDA ratio {s calculated by dividing the present drainage condition CDA value by the natural CDA valua as deter-

mined in step Z. In this example, a CDA ratio of 1,105 was determined by dividing 8950 km® by 8100 km?,

Calculated by multiplying the natural flaw'?) at 05LC001 by a matural contributing drainage area (CDA) ratio of 1,100, This
CDA ratio, which will vary annually, is determined using the following three-step procedure.

Step 1. The return period corresponding to the calculatad partial natural flow volume is determined by interpolating a
strajght-line relationship on lognormal probability paper between values of 425 000 dam? st a Z-year return pericd
and 3 600 000 dam® at a 500-year return period, {(These coordinates were determined from a frequency analysis of
calculated and estimatad natural flows at O5LCOO1 for water years based on the period 1912-33 to 1985-86) In this
example, an apnhual volume of 533 8981 dam® corresponds to & return period of 26 years,

Step 2. The natural CDA corresponding to the calculated return period (from step 1) is determined for Red Deer River at both
Q5LC001 and st the Sasketchewan-Manitobs Boundary by interpolating sppropriate straight-iime relationships on log-
normal probebility paper. For (5LCDOT, & natural effective drainage area (EDA) of 7633 km” is sssocisted with a 2-
year return period. and & natural gross drainage area (GDA) of 10 963 km® is associsted with a 500-year return
period, At the Interprovincial boundary, a natural EDA of 8425 km? is associsted with a 2-year teturn period, and a
natural GOA of 11 BOO km® is associsted with s 300-year return pericd. For calculated return periods of less than 2
years or greater than 500 years, the respective EDA and GDA values are used, In this example, & CDA of BOOC km® at

O5LC001 and 8800 km? at the Saskatchewan-Manitoba boundsry ware determined to correspond to the calculated return
period of 26 yeers,

Step 3, The (DA ratio is calculated by dividing the naturai CDA at the Saskatchewsn-Manitchba boundary by the natural CDA at

::l;com a5 determined in step 2, In this example, a (DA ratic of 1.100 was determined by dividing BB00 km? by 8004
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CONCLUSIONS

AND
RECOMMENDATIONS

1.

CONCLUSIONS

The average annual consumptive water use (including drainage
works) in the Saskatchewan portion of the Red Deer River basin now
increases the average annual natural flow of Red Deer River at the
Saskatchewan-Manitoba boundary by 7.7%.

Under present (1986) conditions, at least 50% of the natural flow
of Red Deer River at the Saskatchewan-Manitoba boundary would have
been passed to Manitoba in all but two months of the 74-year
period 1912-13 to 1985-86. In fact, as a direct result of
drainage improvements, Saskatchewan would have increased the
annual natural flow by a minimum of 1.9% {corresponds to the water
balance period 1954-55). The average annual quantity of water
which would have been delivered to Manitoba in excess of 50% of

natyral flow during the 74-year period would have been 342 000
dam-.

The existing hydrometric network is adequate for calculating the
natural flow of Red Deer River at the Saskatchewan-Manitoba
boundary at the present time. Ideally, a hydrometric gauging
station at the interprovincial boundary would provide a more
accurate estimate of natural flow. However, an accurate estimate
of natural flow at the boundary is not required until water uses
in the Saskatchewan portion of the basin become significant.

RECOMMENDATIONS

1.

Based on the present (1986) Tlevel of development in the
Saskatchewan portion of the Red Deer River basin, monitoring of
apportionment should not be implemented at this time.
If monitoring of apportionment becomes necessary, a hydrometric
gauging station may be required at the Saskatchewan-Manitoba
boundary to provide a continuous record of the flows.
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Table A-1

WATER USE PROJECTS WITHIN THE NATURAL
EFFECTIVE DRAINAGE AREA OF THE RED DEER RIVER BASIN

" Estimated Annual
Project Project Water Rights | First Year Capacity Depletion*
Humber | Land Location { Province Status File Mumber |of Operation Purpose {dam®) (dam?}) Comments
1 NEQ7-45-03-3Z | Sask. Licensed 00519 1929 Municipal 180 336 Town of Hudson Bay
2 SWOB-45-07-W7 | Sask. Licensed 03868 1940 Punicipal - 49.0 Town of Prairie River
3 NW09-38-12-W2 | Sask. Licensed 04107 1947 Comestic 4.0 2.0
4 AW13-41-11-92 | Sask, Licensed 04111 1964 Recreation 54 621 2 027 Greenwater Lake
5 NW30-39-10-%2 | Sask. Licensed 04338 1943 Domestic 3.0 1.0 Cancelled in 1965
] NWO6-39-10-%2 | Sask. Licensed 04339 1941 Domestic 3.0 1.0 Cancelled in 1972
? SE0S-43-11-W2 | Sasik. Licensed 04464 1944 Domestic 19.0 8.0
8 SE23-36-11-W2 | Sask. Licensed 05087 1948 Domestic 3.0 2.0 Washed out in 1972
9 SE32-37-12-W2 | Sask. Licensed 07002,12826 1960 Wildlife 232 -19.2 Selkeld Lake
10 NW11-42-17-w2 | Sasx. Licensed 07791 1959 Domestic 8.0 2.0
" SW32-38-12-W2 | Sask. Licensed 08162 1960 Domestic 2.0 2.0
12 NWZ4-36-11-W2 | Sask. Licensed 08857 1962 Domestic 12.0 5.0
13 SE05-45-03-W2 | Sask. Licensed 09665 1963 Industrial 