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SYNOPSIS

G 2 it 6

The results of this study confirm that the terms of the 1969
Master Agreement on Apportionment were not violated on an annual basis in
the Eyehill Creek Basin at any time during the period 1912-1980. In fact,
the net depletion of streamflow in the Alberta portion of the basin did
not exceed 18% of the natural flow at the interprovincial boundary in any
March-October period.

The present (1980) level of water resources development in the
Alberta portion of the Eyehill Creek Basin may cause a violation of the
1969 Master Agreement on Apportionment in extremely dry years. With the
present level of development, including all licensed, authorized and un-
authorized projects, the net depletion of streamflow in the Alberta por-
tion of the basin would have exceeded 50% of the natural flow at the
boundary in one March-October period between 1312 and 1980.

At a time when apportionment of flow in Eyehill Creek becomes
necessary, serious consideration should be given to conétructing a hydro-
metric station at the Alberta-Saskatchewan boundary, augmenting the avail-

able water use data, and reviewing the delineation of the effective drain-

age basin.
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INTRODUCTION

Following the completion of the Prairie Provinces Water Board's
study on Determination of Natural Flow of the Rorth Saskatchewan, South
Saskatchewan, Saskatchewan, Churchill and Qu'Appelle River Basins in 1977,
the Board agreed to have other interprovincial basins studied to determine
if natural flow computations were required for apportionment at this time.
A 1ist of interprovincial basins was prepared and priorities were assigned
to the listed basins. The Board agreed that the basins would be studied
in order of priority as funds and time became available. In Hovember 1880
Environment Canada signed a Memorandum of Agreement with the Board to
undertake the natural flow study of Eyehill Creek. This report, entitied
"Natural Flow: Eyehill Creek at Alberta-Saskatchewan Boundary®” describes
the basin geography, water use within the basin, and the derivation of
historic natural flows at the Alberta-Saskatchewan boundary. The present
level of use is analysed in conjunction with natural flows to indicate
the potential for apportionment deficits. The adequacy of the exist%ng
hydrometric and meteorological networks for the determination of natural

flow at the interprovincial boundary, is assessed.
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The Tocation of Eyehill Creek is shown in Figure 1. Eyehill Creek
crosses the Alberta-Saskatchewan boundary approximately midway between the
points where the North Saskatchewan River and South Saskatchewan River cross
the boundary. The creek originates just east of Sounding Lake in Alberta
and flows generally northeastward for approximately 35 kilometres before
crossing the interprovincial boundary. It then flows northeastward in
Saskatchewan for an additional 55 kilometres before discharging into Manito
Lake.

The gross drainage basin (i.e. entire watershed) of Manito Lake
is delineated in Figure 1. PFRA (4) considered the Manito Lake Basin to
be dead-ended since the lake has no well-defined surface outlet. The gross
drainage area of the basin (i.e. size of gross drainage basin) is 14 200 km?.
The gross area drained by Eyehill Creek between Sounding Lake and Manito
Lake is 3400 km? or 24% of the entire Manito Lake Basin. The Tongest
stream in the Manito Lake Basin is Sounding Creek, which originates just
east of Sullivan Lake and terminates at its outlet to Sounding Lake. To-
gether, Sounding Creek and Sounding Lake drain a gross area of 8 560 km?

or 60% of the entire Manitp Lake Basin. PFRA (4) has suggested, however,



that Sounding Lake would not discharge into Eyehill Creek during floods
of return periods less than two years.

A review of aerial photographs taken in 1947, 1970 and 1974,
water level records for 1955 to 1980, comments from area residents, and
a site reconnaissance in October 1981, confirmed that Sounding Lake has
spilled into Eyehill Creek on a very 1nfreqﬁent basis.

The effective drainage basins {(i.e. portionof entire watershed
which contributes to streamflow) of the two hydrometric stationson Eyehill
Creek was deTineated in Figure 2, One station (WSC No. 05GA007) is located
near the Town of Macklin in Saskatchewan and the other station (WSC No.
05GA001), which has been removed, was located near the mouth of the creek.
The effective drainage basin delineations are the same as those proposed
by PFRA (4) except for the exclusion of Eyehill Lake and Cosine Lake which,
based on a review of aerial photographs, comments from area residents, and
a site reconnaissance, are believed to have only an infrequent effect on
Eyehill Creek flows. The effective drainage area {i.e. size of effective
drainage basin) of Eyehill Creek at WSC Station No. 05GA007 is 190 km? and
at WSC Station No. 05GA001 is 350 km?. Also shown on Figure 2 is the
effective drainage basin of Eyehill Creek at the interprovincial bound-
ary. The effective area of Eyehill Creek at the interprovincial bound-
ary is 130 km? of which all but 2 square kilometres is located inAlberta.

Eyehill Creek is classified as an intermittent stream. Spring
snowmelt contributes a large percentage of the annual runoff and causes a
peak flow in April or early May of most years. Summer and autumn flows
constitute a small part of the annual runoff but do, upon occasion, reach

flood magnitudes following intense summer rain storms. During the period



from November to February, Eyehill Creek is ysually frozen and streamflow
is not recorded. The mean March-October flowat WSC Station No. 05GA007
during the period of operation from 1967 to 1980 was 2 560 dam®. The
mean March-October flow at WSC Station No. 05GA00T during the period from
1921 to 1929 was about 7 960 dam®. Recorded streamflow data for these
two stations are presented in Appendix A.

Two additional stream gauging stations have been operated in
the Manito Lake Basin. One station (WSC No. 05GA008) is located on Sound-
ing Creek near the Town of Oyen and has been in gperation since 1968.
The other station (WSC No. 05GA003) is Tocated on Monitor Creek at the
Town of Monitor and has been in operation since 1954. The effective
drainage areas at WSC No. 05GA008 and WSC No. 05GA003 are 868 km® and
326 km® respectively.

Only one meteorological station has been operated in the gross
drainage basin of Eyehill Creek between Sounding Lake and Manito Lake. The
station was located at the Town of Mackiin and was in operation from April
1921 to August 1979, except for a number of months in the September -
April season of some years. Monthly precipitation for this station is
included in Table B-1 of Appendix B. For periocds between 1912 and 1978
when the Macklin stationwas not operating, precipitation recorded at
North Battleford was assumed to be representative of precipitation over
the Eyehill Creek Basin. InJune 1978 a meteorological station was es-
tablished at Provost, about 15 kilometres north of the Eyehill Creek Basin.
For the period since September 1979, precipitation recorded at Provost was

assumed to be representative of precipitation over the Eyehill Creek Basin.



The closest meteorological station to the effective basin of
Eyehill Creek for which a long record of evaporation data is available
is North Battleford. Gross evaporation at this station was considered
representative of the evaporation from open water surfaces in the Eyehill
Creek Basin. Evaporationdata for the period 1912-1980 at North Battleford
was provided by PFRA (5) and is given in Table B-2 of Appendix B. Net
evaporation data for the Eyehill Creek Basin is given in Table B-3 of

Appendix B.
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Seventeen water use projects are known to have been constructed
and operated within the effective basinof Eyehill Creek during the pericd
1912-1980. Projects located upstream of the hydrometric stations on Eyehiil
Creek affected the streamflow being recorded at those stations. Projects
in the Alberta portion of the basin affected the streamflow at the inter-
provincial boundary. The effect on streamflow at the interprovincial
boundary was determined by computing monthly depletion of streamflow at
all projects in the Alberta portion of the basin for the period 1912-1980.
The effect of the projectson streamflow recorded at the hydrometric stations
was determined by computing monthly depletion of streamflow at all projects
upstream of the stations for the period 1920-1930, 1936, and 1967-1980.

Streamflow depletion includes only those losses which are direct-
ly attributable to a man-made project and is the sum of:

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

2. net evaporation and seepage losses from the reservoir, less the
net evaporation and seepage losses from the reservoirsite in its

natural state, and



3. change in storage over the specified time interval, less the
corresponding change in storage at the site in its natural state.

O0f course, the streamflow depletion at a project over a speci-
fied period of time cannot exceed the natural streamilow, and the change
in storage cannot exceed the total reservoir capacity.

Information was obtained for all authorized water use projects
in the effective basin from the Water Rights Branch of Alberta Environment
and the Water Rights Branch of Saskatchewan Environment. Available in-
formation included land Tocation, reservoir dimensions, and authorized
water use. The period of operation for each project was not recorded in
the water rights files, but in this study was assumed to commence in the
year following authorization and to end in the year prior to the year of
cancellation, unless additional information could be obtained from the pro-
Ject owners., All of the existing authorized projects were inspected dur-
ing a reconnaissance of the basin in November 1981. Pertinent data for
the authorized projects is included in Table C-1 of Appendix C. The lo-
cations of the projects are shown in Figure 2,

A numbey of unauthorized water use projects in the effective
basin were identified during a review of aerial photographs taken in 1974
and 1978 and during the reconnaissance of the basin in November 1981.
Some of the unauthorized projects in the Alberta portion of the Eyehill
Creek Basin were identified and inspected in 1980 by Alberta Environment
as part of a natural flow study of Sounding Creek. Pertinentdata far the
unauthorized projects were obtained during the November 1981 reconnaissance,
from inspection reports provided by Alberta Environment, and from the aerial
photographs. The dataare included in Table C-1 of Appendix C. The loca-

tions of the projects are shown on Figure 2.



Very little information was available on the operation of the

various projects, For the authorized projects, the annual allocation is

meant to be the upper 1imit of usage, but does not provide an accurate

indication of the actual monthly usage. The only data on actual water

use were a number of water level measurements provided by Ducks Unlimited

for several of their projects in the basin.

The following assumptions regarding water use were made in

order that monthly streamflow depletion could be estimated:

1.

The monthly withdrawal fromthe CPR project on Macklin Lake
{(Project No. 16), was constant and equal to 1/12 of the author-
ized annual use, providing sufficient water was available.
txcept for Project No.16, the only water withdrawals have been
for livestock watering. The cdnsumptive use by livestock in
the basin was estimated to be 1.0 m?/day per square kilometre
of effective drainage area during May-October of each year.
This estimate was based on the results of a study by Culler and
Peterson (3) and data obtained during the site reconnaissance.
There has beenno irrigation or human consumption of surface water
in the effective basin of Eyehill Creek.

The Macklin Lake storage project has released water into kyehill
Creek at a rate equal to the flow recorded at WSC Station No.
05GA007. Runoff from the 1.0 km? area between the project and
the gauge has been insignificant for the purpose of this study.
Gross evaporation from lakes and reservoirs may be approximated
by the gross evaporation computed for North Battleford by PFRA

(5). Reservoirs did not affect evaporation in the basin during



the months of November to March, since they would have been cov-

ered by ice and snow during those months. Precipitation on lakes
and reservoirs is equal to precipitation recorded at Macklin. For
periods of missing data at Macklin, recorded precipitation at Pro-
vost or North Battleford may be used.

5. Seepage losses from all projects are negligible.

For the computation of monthly streamflow depletion, a water ac-
counting model was developed. The model provided, with the 1imited data
available, and in accordance with the constraints of each project, estimates
of the depletion of streamflow at each project upstreamof the two hydromet-
ric stations on Eyehill Creek. Initia} conditions for each project were
assumed on the basis of field observations and information from project owners.
Due to the relatively small size of the basin, adjustments for travel time
were not required. The only significant natural storage in the effective
drainage basin is in Macklin Lake and Hallam Lake. The model computed the
Tosses from the two lakes for both the natural conditions and the man-made
conditions. Only the incremental losses due to human interference were in-
cluded in the overall net depletion of streamflow. Input data to the model
included an estimate of the monthly unregulated inflow to each project. The
following procedures were used to estimate the monthly unregulated inflow
to each project upstream of WSC Station No. 05GA001 during the period 1920-
1930 and 1936, and to each project upstream of WSC Station No. 05GA007 dur-
ing the period 1967-1980.

1. For the period 1920-1930 and 1936, the unreguiated inflow was
assumed equal to the recorded flow at WSC Station No. 05GA001 on

Eyehill Creek, pro-rated according to drainage area ratio.



This was considered to be a reasonable assumption due to the
very limited use of water in the Eyehill Creek Basin during
that period. The amount of unrequliated inflow was increased
by 35 000 m?® per month for Project No. 16 because of higher run-
off in the Macklin Lake Basin. The higher runoff is caused by
springs and produces relatively high water levels in Macklin
Lake throughout the year. It was found, using the water ac-
counting model, that a monthly yieid of 35 000 m® from the
springs would produce water levels and lake outflow similar to
those observed at Macklin Lake by Tocal residents during recent

years,

2. For the period 1967-1980, the flow at WSC Station No. 05GA007
on Eyehill Creek was greatly regulated and could not be used

to estimate monthly unregulated inflow to the upstream projects.

Therefore, the unregulated inflow for this period was assumed
equal to the natural flow at WSC Station No. 05GA003 on Monitor
Creek, pro-rated according to drainage area ratio. This was
considered to be & reascnable assumption since Monitor {reek

is near Eyehill Creek (see Figure 1) and has similar climatic,
physiographic and hydrologic characteristics. The derivaticn
of natural flows for Monitor Creek is discussed in the follow-
ing chapter. The inflowto MacklinlLake was increased by 35 000 m®

per month as in (1) above.

The estimated monthly net depletion of streamflow upstream of
WSC Station No. 05GAQ07 for its period of operation, 1967-1980, is pre-
sented in Table C-2 of Appendix C. The net depletion of streamflow up-

stream of WSC Station No. 05GA001 was found to be negligible for all
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months during its period of operation from 1920 to 1930, and 1936. The
net depletion values in Table C-2 were used in the computationof natural
flows for the two hydrometric stations on Eyehill Creek. The procedure
is outiined in the next chapter.

The natural flows computed for WSC Station No. 05GA007 on Eyehill
Creek (see next chapter) were used with the water accounting model to com-
pute monthly net depletions at projects upstream of the Ajberta-Saskatchewan
boundary for the period 1912-1980. The monthly unregulated inflow to each
project was assumed equal to the natural flow at WSC Station No. 05GA007,
pro-rated according to drainage area ratio. The net depletion of stream-
flow in the Alberta portion of the effective drainage basin for the period
1912~1980 is given in Table C-3 of Appendix C. March-October net depletion
varied from zero to a high of approximately 150 dam3.

An additional computation was made using the water accounting
model to determine what the monthly net depletion would have been during
the period 1912-1980 if the level of development in the basin had been
equal to the 1980 Tevel for the entire period. Again, the monthly unregqu-
lated inflow to each project was assumed equal to the natural flow at WSC
Station No. 05GAQ07, pro-rated according to drainage area ratjo. The re-
sults in Table C-4 of Appendix C show that the March-October net depletion
would have varied from approximately 28 dam® to approximately 180 dam?,

with a mean of approximately 98 dam?.



S AT NE NATURAL

,;4/-_. ..... :......‘....J._:\--"'“' Gy ‘

%V, {\1& 1 = FLOW
Pavay Sl IR CALCULATIONS

Natural flow is the flowof water which wouldoccur at a particu-
Tar site if there was no upstream human interference. Natural flows can
be estimated for a site having recorded flows by adding the depletion of
streamflow caused by ubstream projects to the recorded flows. This method
was used to estimate monthly natural flows at WSC Station No. 05GA003 on
Monitor Creek for the period 1954-1980 and at WSC Station No. 05CHO02 on
Berry Creek for the period 1921-1953. Data on streamflow depletion in
the Berry Creek Basinwere obtained from a report by Alberta Environment
(1}. Streamflow depletion in the Monitor Creek Basin was estimated for
the period 1954-1980 using the water accounting model discussed in the pre-
vious chapter, together with project data provided by Alberta Environment,
PFRA, Ducks Unlimited, aerial photographs, and Tocal residents. The month-
ly unregulated inflow to each project was assumed equal to the recorded
flow at WSC Station No. 05GA003 on Monitor Creek, pro-rated according to
drainage area ratio. The estimated natural flows for Monitor Creek are
presented in Table D-1, Appendix D.

The Monitor Creek natural flows were used, as discussed in

the previous chapter, in the computation of streamflow depletion at

13
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water use projects upstream of the two hydrometric stations in the Eyehill
Creek Basin. Monthly natural flows at WSC Station No. 05GA007 on Eyehill
Creek were then computed for the period 1967-1980 by adding the net de-
pletions in Table C-Z2 to the recorded flows in Table A-2. Due to negii-
gible net depletion during the period 1920-1930, and 1936, the natural
flows at WSC Station No. 05GA0QT during that period were assumed equal
to the recorded flows in Table A-1.

The natural flows at WSC Station No. 05GA001 were then pro-
rated to WSC Station No. 05GA00G7 on the basis of drainage area ratio,
thus giving the Tatter stationaperiod of natural flowrecord from 1920
to 1930, 1936, and 1967 to 1980. These monthly natural flows are inclu-
ded in Table D-2 of Appendix D. Monthly natural flows for the balance
of the period 1912-1980 were estimated using equations derived by regres-
sion analyses. The dependent varjables in the regression analyses were
the monthly flows in Eyehill Creek at WSC Station No. 05GA007. A large
number of independent variables were tried in the regression analyses,
including natural flows for three other rivers in the region, meteorolo-
gical parameters, and antecedent moisture or basin storage conditions.
Details of the regression analyses are given in Table D-4,

The computer program LACOR4 was used for all simple regression
analyses in which the independent variable was natural flow for a river
other than Eyehill Creek. The programis based on the Langbein method in
which the flows are transformed to Tog units and the correlations are
carried out using the deviations of the individual transformed flows
from the mean of the transformed flows. Because of the logarithmic
transformation, the program cannot correlate zero flows. Therefore, ail
zero flows were increased to 0.001 m3/s before carrying out the regres-

sion analysis.



The multiple regression analyses were performed using the com-
puter program MULCOR. The "backward elimination" method was used in the
multiple regression analyses to eliminate insignificant parameters. Only
the final result of each multiple regression analysis is given in Table
D-4.

Data on natural flow in the Battle River were obtained from a
report by Alberta Environment (2). Precipitation data were presented in
Table B-1 of Appendix B. Temperature data were obtained fromthe Environ-
ment Canada publication "Monthly Record of Meteorological Observations in
Canada". Temperature data for Macklin were supplemented by temperature
data for Battleford, North Battleford, and Qu'Appelle, Saskatchewan.

The resulits of the regression analyses were compared on the basis
of correlation coefficient and standard error estimate. Consideration was
also given to the length of period upon which each regression was based
and the relative accuracy of the data itself. The equations presented in
Table 1 were selected for completing the record of natural flows in Eye-
hill Creek. The period for which each equation is applicable, is indica-
ted. The natural flows estimated by these equations are included in Table
D-2 of Appendix D.

Natural flows in Eyehill Creek at the Alberta-Saskatchewan boundary
were estimated by pro-rating the flows in Table D-2 according to the ratio

of effective drainage areas. The results are presented in Table D-3 of

Appendix D.
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Month

March

Aprii

May

June

July

August

September

October

TABLE 1

REGRESSION EQUATIONS USED TO COMPLETE
NATURAL FLOW RECCRD

Standard
Correlation Error in  Priorily
Years Regression Eguation Coefficient * of Mean QF Number
19i2-20,30-35,37-53 QE = -,20 + ‘DU]BpNov.-Har.+ 'OO]BTMar. .74 140 z
1954-66 log Q¢ = -.19 + .91 log @, .95 30 1
1912-20,38-35,37-53 Qg = -.74 + .016P, o+ OIOP, . -2.6Qp .87 60 2
1954-68 log Qg = -.28 + .89 log 0y .93 55 i
1912-19,31-35,37-53 QE = .19 + 'OO]SPMay -.460Har + .D]?QApr .40 78 2
1954-66 log QE = -.65 + .44 log QM .62 160 1
1912-19,31-35,37-53 QE = -.02 + ‘Do]pdun."]ZQAnr + ‘730May .54 33 2
1954-66 log Qg = -.14 + .89 Tog Qy .89 120 ]
1912-19,31-53 QE = -.05 + .OOOQ?JUI + _QSQJun .76 81 4
1953-66 log Q¢ = .09 + .97 iog 0 .80 140 1
1912-19,31-53 QE = .01 « .ODIOPAUg + '24QJuT .67 a1 2
1954-66 log 0E = -, 15 + .84 log OH .62 210 1
1912-19,31-53 Qp = .03 + .OOGSPSED + .40QAug .69 33 2
1954-66 log G = -.08 + .79 log Gy .69 220 ]
1932-1%,31-53 o = .02+ 'BSQSep .64 25 2
1954-66 log QE = -.52 + .65 log Q, .59 220 1

EXPLANATION OF SYM8QLS:

qE =

OMar,

"

Oy

pSep.-Dct.

pNov. -Mar,

PMay

Mar,

NOTES:

16

naturai flow at WSC Station No. 05GA007 on Eyehill Creek near Macklin for the month indicated,
in cubic metres per second.

= natural flow at WSC Station Mo. Q5GAQQ7 on Eyehill Creek near Macklin for the month of March,

in cubic metres per second; similarly for April (Q J. May (g, ). Jdune (Q ¥, Juiy (Q 1,
August (QAug )}, and September (QSep ). Apr. May Jun. Jui.

natural flow at WSC Station No. 05GA003 on Monitor Creek near Monitor for the month indicated,
in cubic metres per second.

= total precipitation in the Eyehiil Creek Basin durin

t rec g September and {Jctober of the preceding
year, in millimetres,

= total precipitation in the Eyehill Creek Basin from November of the preceding year to March of
the current year, in miilimetres.

precipitation in the Eyehill Creek Basin during May of the current year, in millimetres;
for June (PJun.)' July (Pdu].)‘ August {PAug.}’ and September (PSep )

temperature index for the month of March in the current year, computed as follows:

similarly

3
TMar. =i Mar,,1
i=3
where T' : is the maximum temperature on the ith day of March, in degrees Celsius, if the
. .,
maximum temperature exceeds 0.0°C.

See next page



TABLE 1 (cantinued)

HOTES:

1.

The correlation coefficients represent the degree of correlation between the dependent variables
angd the corresponding independent variables. Where the dependent and independent variables are

in logarithmic units, the correlation coefficients represent the degree of correlation between
tne logarithms of the flows.

Standard errvor is a measure of the accuracy of flows estimated by a particular equation. An
equation with variables in logarithmic units will over-estimate fiows to a greater degree than
it will under-estimate flows. For example, the standard error of an eguation with variables in
logarithmic units could have a lower limit of -50 percent and an upgper Timit of +100 percent.
For ease of comparison, the standard errors in this table were computed as the average of the
absolute values of the upper and lower limits.

Priarity number indicates the relative reliability of regression equations for a particular menth,
Prigrity number 1 denotes the most reliable equation while priority number 7 denotes the seccnd
most reliable equation. Priorities were established on the basis of correlation coefficients,
standarg errors, length of record on which each correlation is based, accuracy of the independent
vdariaoles, and the overall hydrologic validity of each equation.

17
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Under the terms of the 1969 Master Agreement on Apportionment,

the Province of Alberta is permitted "to make a net depletion of one-half
the natural flow of water arising in or flowing through the Province of
Alberta” and must allow "the remaining one-half of the natural flow of
water of each such watercourse to flow into the Province of Saskatchewan
...... . To determine if the present (1980) level of development in the
Alberta portion of the Eyehill Creek Basin is sufficient to cause a viola-
tion of this agreement, the monthly net depletions in Table C-4 were com-
pared with the natural flow in Table D-3. Table E-3 of Appendix E shows
the proportion of natural flow which would have been depleted by the pre-
sent Alberta water use projects. The net depletion in the Alberta portion
of the basin would have begn less than 50% of the natural flow at the in-
terprovincial boundary in all but one of the March-October periods between
1912 and 1980. 1In 1961, oneof the driest years in the Eyehill Creek Basin
between 1912 and 1980, approximately 52% of the natural flow at the boun-
dary would have been depleted by projects in the Alberta portion of the
basin. For comparison, Table £-1 shows the proportion of natural flowwhich

was depleted by Alberta water use projects during the same period.

19
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Table E-4 of Appendix E shows the monthly flow in excess of its
50% share that Saskatchewan would have received during the period 1312-
1980 if the level of development during that period had been equal to the
present (1980) level of development. Saskatchewan would have received, on
average, a March-October flow of 1100 dam® in excess of its 50% share.

For comparison, Table E-2 shows the actual flow received by Saskatchewan

in excess of its 50% share.
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If it becomes necessary to formaily monitor the apportionment of
streamflow in the Eyehill Creek basin, natural flow would have to be
performed on a reqgular up-to-date basis, to ensure that both Alberta and
Saskatchewan are receiving their share of the flow. The Project Depletion
Method, which was used to compute the natural flows for Monitor Creek in
Table D-1, and the unshaded natural flows for Eyehill Creek in Table D-2,
would be used to compute natural flows for Eyehill Creek.

NATQ, the computerized water accounting model for the computation
of natural flow, incorporates the Project Depletion Method and was used to
produce natural flows for the report. A documentation and user manual for
NATQ accompanies this report as Appendix F, separately bound. Program
NATQ is a water accounting model which was developed to compute the natural
flow in small drainage basins for which Titt]e water use data is available.
The options and capabilities of the program are as follows:

1. The program is written in Fortran IV, using metric units;
2. The following estimates may be obtained as output from the
program:
(a) historic natural flow at a gauging station;
(b) historic net depletion of streamflow at selected

projects and the total net depietion;
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(¢) historic estimated actual flow at any point in
this basin;

(d) historic flow in excess of 50% natural flow at
any point in the basin; and

(e} historic proportion of natural flow which has
been depleted by seiected projects in the basin.

3. The program is dimensioned to accept a maximum of 25 water use
projects and a length of streamflow record equal to 40 years.

The program may, however, be re-dimensioned to suit each
particular case;

4, Water use computations are performed sequentially from the upper-
most part of the basin to the downstream end of the basin. The
outflow from one project forms part of the inflow to the adjacent
downstream project;

5. A subroutine calculates surface water areas from volume-area
curves. Volume-area curves are required as input to those
reservoirs having significantly non-linear relationships between
surface area and volume of storage;

6. A subroutine calculates project inflow, outflow and net depletion;

7. Calculations may be performed for entire years or for just the
March-October season. The latter option is useful when winter
streamflow is zero or insignificant.

The Project Depletion Method was described by Environment Canada (6)

and is based on the equation:

QNat. = QRec. + N.D.
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where: QNat. is the natural flow at the hydrometric station,
QRec. is the recorded flow at the hydrometric station, and
N.D. is the net depletion of streamflow at upstream projects.
The net depletion of streamflow at a project should 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 from the reservoir; net evaporation equals
gross evaporation minus precipitation,
3. change in reservoir storage over the specified time interval;
an increase in storage is considered a positive (+) net depietion

while a decrease in storage is considered a negative (-} net

depletion.

The computed natural flows to be used for monitoring the apportion-
ment agreement wouid have to be much more accurate than the estimated
natural flows in Table D-3 for Eyehill Creek at the Alberta-Saskatchewan
boundary. To achieve the required accuracy, streamflow should be recorded
at the interprovincial boundary and water use at the largest stream prajects
should be monitored on a reguiar hasis. At present, the only projects for
which operating records are kept are those projects operated by Ducks
Uniimited. Prpjects No. 9, 10 and 11 in Table C-1 are presently the
largest projects in the basin upstream of the interprovincial boundary.

The other projects in Table C-1 have little or no impact on the streamflow

at the interprovincial boundary and may be omitted from future natural flow

computations.
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Net evaporation at project reservoirs should be determined
using evaporation and rainfall data collected at one or more meteorological
stations in the vicinity of the Eyehill Creek basin. The meteorclogical
station at Kindersley would be suitable for this purpose. The equation
to be used for net evaporation at a project is:

N.E = 0.70 G.E.

‘project P

pan
where: N'E'project is the net evaporation {in millimetres) from
a project reservoir,
G.E.pan is the gross evaporation {in millimetres) from
a Class "A" evaparation pan at the meteorological
station and

P is the recorded precipitation at the meteorological

station.
The volume of net evaporation from a project reservoir is obtained by
multiplying the depth of net evaporation by the surface area of the
reservoir at its mean elevation for the selected period.

It is suggested that a one-month time step be used in the
computation of natural flows at the Alberta-Saskatchewan boundary. ATl
input and output data would be monthly mean values. While this time step
is relatively long for the accurate computation of natural flow, it would

be impracticable to obtain water use data in the Eyehill Creek basin on a

more frequent basis.
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CONCLUSTONS
AND
RECOMMENDATIONS

The March-October natural flow of Eyehill Creek at the Alberta-
Saskatchewan boundary for the period 1912 to 1980 varied between approxi-
mately 110 dam® and approximately 6000 dam®, with a mean of approximately
2400 dam®. In the same period the March-October net depletion in the
Alberta portion of the effective basin varied between zero and 150 dam?.
The net depletion in the Alberta portion of the basin did not exceed 18%
of the natural fiow at the interprovincial boundary in any March-QOctober
period between 1912 and 1980. The Master Agreement on Apportionment was
therefore not violated on an annuail basis during that period.

The present level of water resources development in the Alberta
portion of the basin is sufficient to cause a violation of the 1969 Master
Agreement on Apportionment in an extremely dry March-October period. If
the Tevel of development in the Alberta portion of the basin over the en-
tire period 1912-1980 had been equal to the 1980 level of development,
the March-October net depletion in the Alberta portion would have varied
from approximately 28 dam® to approximately 180 dam®, with a mean of ap-
proximately 98 dam®. The net depletion in the Alberta portion of the
basin would have exceededVSO% of the natural flow at the interprovincial

boundary in one March-October period between 1912 and 1980. During the
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period of 1912-1980, Saskatchewan would have received from Alberta, on
average, a March-October flow of about 1700 dam® in excess of its 50%
share.

IT 1S RECOMMENDED THAT A HYDROMETRIC STATION BE CONSTRUCTED
ON EYEHILL CREEK AT THE ALBERTA-SASKATCHEWAN BOUNDARY. One hydrometric
station (05GA007) is currently being operated on Eyehill Creek; however,
the station s poorly situated in terms of providing an accurate repre-
sentation of the flow at the Alberta-Saskatchewan boundary. (One reason
is that the station is Tocated just downstream of a large storage pro-
ject for which no operational records are kept. Another reason is that
the effective drainage area at the interprovincial boundary is just 68%
of the effective drainage area at the existing hydrometric station.

The lack of data on water uses within the Eyehill Creek Basin
was a serious problem in the computation of streamflow depletion and un-
doubtedly affected the accuracy of the results of this study. When ap-
portionment becomes necessary, all projects should be inspected and oper-
ational records should be kept for projects which have significant effect
on streamflow at the gauging site or at the interprovincial boundary.

The contributions of Sounding Lake, Eyehill Lake and Cosine Lake
to Eyehill Creek flows were assumed negligible for the purpose of this
study. When apportionment becomes necessary, the effective basin of

Eyehill Creek should be verified using a water balance model.
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METEOROLOGICAL DATA
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27,9 15,7 17.0 39,9 113,90 S&,4 4.1 t2.4

36,8 2%.4 14,5 ta.0 85,3 133, bs,3 43,9

10,5 22.9 T1,1 49,5 13a,b6 a8 T4.7 19.0

26,7 3.8 20,3 59,1 s2,1 72,1 44,4 39,56

at 9 3.3 3.8 51,3 213%.1 31.5 54,6 22.9

1,2 39.5 5.6 18,3 b4, 3 38 .9 79.0 249

20,3 3.1 22,9 7.6 75,2 67,1 20.6 9.9

9,1 11.4 10,2 58,4 45,2 a9,7 a1,4 97,3

20 ,% 19,2 PY.u 32,3 14,0 59,6 e, 7 59,7

10,2 25,4 ) 7.9 1278 7%.2 15,2 0,9

10,2 18,4 10,2 7.1 43,1 119,4 114,5 1.2

31,8 Tat S.1 %,9 60,1 g2 29,5 30,2

12,2 17,6 3.0 26,3 92,7 44,5 10k,2 ta.B

13,2 51.3 26,4 39.1 72,6 79.5 Sl.6 23.4

24,4 2l.b 83,8 bo,8 76,2 83,5 56,6 5.1

12,2 2e.2 23,1 20.1 89,2 23,1 52,1 14,7

2,5 2.8 13,3 117,.7 16,5 35,8 19,2 b5 .5
7.0 8,3 A0, 4 T1.0 30,2 59,9 58,9 50,9

32.6 19,4 1B, 0 35,0 9n & 70.5  es.u TTSVET

13,5 36.0 07,0 7,2 IO A%6 5327 2e.2

15,d la,9 21,9 Jo.3 3.2 _ 63,4 50,3 31.7

51,8 S1e3 1013 120,1 213,01 143,83 (70.2 103,90

0.9 2,0 0,0 1.3 1.4 7.1 a,1 [

CREER

Shaded area denotes precipitation recorded at North Battleford.

Shaded area denotes precipitation recorded at Provost.

Uashaded area denotes precinitation recorded at Macklin,
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TaBLE M=
FFFECTIVE DRaINAGE RaSin OF EYbrILL (REFS=
GHOSS EvaPNHAIIGN T4 “TLLIMETRES

YEAR Jan Fra MiR APR MY JIN JuL 4 SEP ncT NDY DEC ANNLIAL
£912 2.1 1.3 1.8 2.2 WR,e  134,8 1la,a 126,8 105,1 02.b 3.0 2.1 594,48
19135 .7 2.1 547 n.o 57,7 11n,7 43,7 141,22 1135,2 7.1 Al i.3 0 bW9,d
1914 1.5 .8 4 H 12.5 A3,?  139.2 207.v 17%5,2 {A{,9 nl L s 1.7 2.7 e81.s
1915 2.1 4,4 .8 0,0 4e,3 139.7 {21.% 18%.7 112,2 58,8 5.3 2.9 87s.7
1918 Y 1.3 2.2 22,2 42,9 bAL,H 122,72 124,44 Lld,n 75.3 9.7 3,7 50%,|
1917 l.b 1.9 4.2 18,5 52,9 125.8 179,3 123.7 109,9 17.5 19.0 WA T19,0
19148 te0 1.6 bab 20,0 83.0  120,5 159,99 171,2 132.1 17,7 n.0 2,0 Ted.u
1919 2.2 o9 1.5 3,5 R&.9  175,2 177,2 1al,% 125,0 S, 6 149 1,9 793,33
1920 .9 1,2 2.4 22,8 5.1 F7,9  111,3 129.% 108, CLIR 4,3 1.7 371.3
1921 5.1 4.9 4.3 27,5 4,7 9R,7 129,90 130.2 10,4 3.8 5.2 4,4 533,0
1922 3.8 2,8 7.8 9,4 Stel 147.4 189,55 113,2 95,7 59.2 10.2 5,9 082.8
1923 5.9 5,9 4,3 2l.3 ID.0 bY9,8 115,3 137.s y,7? 7i.e 16.3 9.5 20700
1924 3,8 7.8 r.? 21,4 49,2 109,2 152,9% 48,0 13%,0 77,4 ALH 2.5 721,717
1925 3.9 [ 9.5 te, 4 57,0 108,2 1S5i.e8 148,55 (03,0 Tl.a 1.6 4,8 a%90,2
1924 8,3 1.2 16,9 26,7 48,0 1A0,R  tau,1 133,7  112.5 70,9 Bl I
1927 3,8 4,0 1141 29,1 29,48 $0.2 113,2 127.7 1ty.2 68,5 5.1 2.3 edl,o
t92e 8.0 RS 14,5 24,5 SS%,0 BO,4  121.2 136.8 1206,2 B0, 0 16,0 a,d 871.5
1929 WH 2.6 9,5 22,1 19,0 Ab,8 165,33 !77.5 16,5 a8, £.,3 2.7 o79.3
19130 1.4 4,7 9,0 27, b T1.0 105,48 117, 106 ,4 126,5 ot ,d 12.4 4.4 084,
1931 4.3 9,7 14,2 22,2 32,8 90,2 121.9  lat,l 7.6 70,8 lu,o Se4 olb.n
1932 3,3 4,3 d.4 27,3 37,0 74,0 122,8 13u,2 (35,4 75,2 b.7 4,5 629,
1933 3.3 5.1 A,5 22,3 4Z,0 115,% 183,% 17t.% 127,8 7Ta.0 19,6 3.4 774.5
1934 d.7 13,3 25.5 3o,8 46,0 24,0 1S2,3 15e,7 108,2 7t.3 lu.u 5,7 /94,9
1915 2.0 5,7 3,2 38,7 49,7 65,4 123.,4 155.,8 124,2 74,3 4,4 4,4 =56,2
1938 I.9 1.1 to,3 27,0 1.9 126,5 149,9 lbn.s l2u,9 LY} 17.3 4,b  7HE,.A
1937 1.4 4,2 9,5 3.9 57.9 150.,4 178.5 1o0.7 115,4 08,2 7.3 4.0 TRS,7
1934 4.9 3.3 5.2 30,9 51,5 100.6 144,44 1a8,2 107,90 71,9 7.9 8,5 572,3
1939 4,9 2.5 Ted 3a,8 16,4 91.6  153,2 134,32 135%,.1 46,9 18,0 9.4 7.4
1940 4.8 5,7 11,9 36,0 39,5 112.8 118,494 177, 10,0 75.4 B.u 4,0 70d,4
1941 b, 0,4 13,0 22.5 47,3 120,60 170,9 1S51.7 18,8 7.3 10.6 4,7 739,9
1942 1.2 1.2 17.8 ta,9 50,4 9.5 107,2 124,9 107,5 BY,5 5.6 2.8 619.5
1943 1.8 5.3 5.2 3.7 6d,7 87,0 127,080 1s87.0 147,0 Au,2 12.6 4,4 Tab,l
1944 4,8 2.0 5.9 23,4 61,3 127.5 134,86 ta7.,2 (22,8 85,0 5,0 5.6 724,3
1945 4.0 5.9 2l.4 46,3 52,9 TT.T 133,77 1%4.8 132,86 72,0 4,7 5,0 710,3
1948 2.7 5.7 22.2 20,5% 53,7 111,38 13a,0 loi.8 120.1 Td.n Byl 3.5 76,7
19a7? 3.5 1,9 4,4 30,9 52,6 98,8 170,1 48,1 1eH,6 A3 ,u 8,9 3,1 737,3
t9us 4,2 2,5 4.8 37,2 44, B 119.4 72,7 177,88 1&2,2 104,9 12.7 2,2 dus,
1949 2.8 1,2 7.5 31,3 Te.o  180,1 1u9,1 159,86 141,3 AU, 4 16,8 2.9 4l14,5
1950 .5 1,9 7.1 35,7 us,5 90,8 111,2 13u,.s 121.0 r0,7 6,7 1.9 »02%.8
1961 1.2 2,3 4,4 27,7 35,7 106,55 100.1 134.8 113,7 6d, 1 Bab 1,3 3598.¢
1952 .9 5.6 5.7 8,0 5.9 128,33 122,2 141.8 114,3 92,4 16,9 3,3 701.3
1953 3.9 5,5 1.8 35,9 38,8 Al.7 127.5 152.4 138,1 101,3 2t.2 3,2 723,3
1954 1,6 11,5 16,7 LTI 37,5 ot,4d 106,68 118,0 114,u 42,2 20.3 13,5 ©39,9
1985 7.3 6,4 ALT 24,1 57.7 09,7 16,7 1&3%,2 145,9 89,7 8,3 6,8  Tas,l
1956 S5 b, 8 10,0 39,2 50,9 115,00 127,4 149,9 139,90 91,6 21.0 9,3 TaS.s
1957 b,.3 10.2 16.9 3o, 4 56.0¢ 11¢,0 =1,2 l4ep.5 130.8 76,2 14,4 9.9 T78.a
1958 2.7 LI 15,0 an,9 B3, 7T 155.1 182.% 190,58 le4,9 98 .4 ta,7 3.3 4939,u
1959 8,1l 8,3 2u,l ul, b 75,4 121.6 199.7 163.3 1%56,8 73.5 lb.o 11,4 You,d
1960 4,0 7.4 it 37,9 62,2 1306,7 14B8,5 182,88 14s,9 91,4 te,3 d.6 829,
1901 a,8 9.5 15,2 s 2 66,2 151,5 189,88 20%,2 t62,.3 a6 1a,2 S.0 950,.9
1962 7.7 4,4 7.2 23.8 57,7 120,% 40,7 133,84 134,90 94,6 lo.t 1,2 747.9
1963 5.5 6.4 12,1 w9 5%.0 110,56 142,2 13%.3 27,5 10,5 16,8 9,2 Tov,d
1960 7.0 9.1 6.9 37,4 81,5 1lu9,8 82,7 197,8 29,4 83,4 15,9 4,5 vod,Q
1965 4,0 8.5 T.oa 32,6 77,3 111,0 149,77 173,3 129.3 |02.s 8.9 7.6 dil.e
1966 3,2 5.4 12,1 47,4 A%.,6 109,0 13t,4 1e8.3 159,7 108,9 3,8 k.7 sus,7
1967 5.9 5,9 B0 58,5 Ta.0 118.5 le7,d 1AS.8 1S2,4 108,7 lo.$ 7.7 9t9.5
1988 5.3 7.9 22.0 S48 A%,.5 154,% 1aT7,4 15&.8 124,2 88,0 17.9 5,3 B893,2
1989 teb o.1 9,7 29,49 To,0 lud,s 149,56 219,2 50,7 16,7 2t.2 9,7 n94,9
1970 5.0 11,4 A2 35,5 79,5 136,55 158,35 208.5% 159,1 A, s Aot 4,0 901,/
1971 3.8 7.3 B.0 39,1 97,3 14s,3 159,99 203.3 15%,% 94,0 11.0 5,1 %iu,9
1972 4.0 ua,7? I.b us,0 64,5 190,9 159,% 1e9,! 153,11 94,2 lis2 .2 F13.4
1973 7.4 B,A 23.8 37,1 87,1 141,38 161,9 183,77 153,1 Yo .8 7.5 4,1 213,35
1974 3,5 7.9 1.9 2%.7 52,7 10R,0 159,44 leY,s lag,4 10%,.m 2n,d 1t0.8 314,55
1975 5.0 6,8 9,6 41,1 57,0 100,8 1&d.3 1865, 1SL.0  84.9 14,1 .o 792,.n
1976 BS 12,2 12,5 33,4 tlu,a 141.% 145,84 182,2 54,9 33,9 29,0 7.5 32 ,n
1977 5.8 1e.9 23,7 50,9 Al.2 146,2 18u4,1 18,2 1ts,7 107.5 19,6 8,4 9n5,¢
1972 S.0 10,1 24,1} 45,7 Ab,2 le&6,2 198,0 195,83 149,86 126,u 1&.0 11,4 1028,53
1979 5.8 4,2 1.8 41,6 53,5  Au,7 141.9 162,66 163,35 92,1 10.¢ 9.3 o02.¢
1980 8,5 9.3 11,5 wo, B ypd,: 17%,3 (72,2 109,7 130,7  97.7  20.1 7.3 9us,2
HEAN 4t 5.5 10.6 29,5 WHL7 118.7  t48,0 157,3 t3e,A 82.2 11.9 5.5 7ne2,9
MAx 9.7 13,3 2a.1 Sé,b  118,1 190,9 207,0 219.2 192,4 120,0 25,0 15,8 102A,3
“in . L] 1.5 9,0 19,0 65,4 100,1 113.¢2 4,7 54,1 1.9 L8 571,58

The data

NCTE: Gross evaporation data shown in this table were computed by P.F.R.A. (1982) using the Meyer formuyla.
ogical station but are considered representative of gross avaporalion

corraspond with the North Battleford metearol
in the effective basin of Eyenil) Creek.
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Jan

=14.0
=iv,3
2,1
-l
-25,9
-37.3
-1b .
-53.7
=15,2
=1,3
“{0,}
-t 9
-3 .0
1.5
3,5
=1.0
-0, 0
4,0
=-37,8
-4,9
-.Z
=196
10,0
)iy |
=10,6
-10,5

~8,3
-t,h

=t7.5

-28,2
~t2.8

FER MAR ApQ MAY JuN Juo aldG SEP ocr
i,] 3.3 1.0 8,9 104,77 =21.,3 S7.2 52.8 48,7
=-2.9 =2 .4 0.0 46,0 - 75.5 53,3% T, A6.0 52.5
=3.,4 =15,5 =1.2 1i.D Té,d 174,59 1156.8 ALl 3.e
1,4 9.8 =17.3 5,9 1pa,u 40,.% 180,2 99,2 60,5
B =d5.2 5.7 =2T7.4 4,3 68,06 5,0 a7.4¢ 55,3
3,0 =3,4 =f2,06 43,7 106,35 159,2 75,9 96,5 73,0
~a,8 =31,0 =-3.4 37.7 U8 129,00 1a89,3 12,0 26,3
-a,?7 =13,8 2.8 70,2 141,66 170,t 97,7 78,3 35,8
-7,53 =15,4 1,8 =%2.7 H- | 10,2 49,6 . é,t
31,8 -%,9 =734 =5.0 s5e,7 32.5 110,6 315.3 a4, 7
=50 -8,7 =5,% =10,0 (38,3 1u49,7 65,4 Au .8 39,7
3.4 1.7 19,4 17,0 =45.4 12.9 CLIN 79.% 85,5
=2,0 4,4 12.5 6,8 107,.4 114,53 72.4 112.4 47,0
=1§.3 ~3,2 =29,2 53.7 =1,8 118,06 124,9 A, S 46,7
b2 12.3 1.5 =19,1 106.,7 124,84 331.8 44,3 59,3
o2 3.5 2.7 =84.8 31,0 =30,6 108,4 oB.9 49 .5
5.8 1.5 1.7 2R,2 15,2 Ta,0 112.4 117.9 bS5, 0
-5, 1 £.5 9.4 =12,7 TH.7T152,0 159,101 1064.3 65,8
“11.5 +8 =20.,9 Ud,0 =24.4 25.2 132,.:s 23.1 27.8
a,9 3,8 21.7 20,4 02,4 37.8  120,¢ 48,1 46,5
3,0 W3 =e5.2 $0,8 -5 8 70,5 1¢0.7 88,7 62,5
=b,b =24,8 .3 8,5 88,8 189,56 164,9 77.8 43,1
6,7 ES.a Tt 70,3 67,4 125,86 118,8 9.7 70,8
2.4 -2,7 13,1 22.0 =19.9 82,0 132.2 109,2 S2.7
8,0 4,8 tR,8 10,8 93,0 169,8 125,44 100.5 76,7
9.5 3,2 21.2 11,4 130,68 137,0 110,9 68,9 26,1
-19,1 =2,0 20,5 =41,9 93,1 101,0 198.1 94,5 23,1
-11,3 8 21.6 6,8 =24,5 21,2 t12.4 115,3 7.8
-3,5 5.4 d.1 =15,u 24,1 T7.0 1b9,7 ar.9 td,b
=3.5 7.8 11.3 9,7 87.8 11,2 77,0 90,1 59.2
.2 10, =21,9 3a,0 20,46 29,5 95,4 5.5 75,49
=11,5 =27,8 24,B =51 .4 25.9 99 .8 B2.2 127.9 41,3
=-14,% =i11,4 4,4 16,9 9,4 -, d 2.5 R2.9 43,3
=-14,4 18.9 23,4 38,2 4t ,b 76,3 99.5 92.5% 65,9
-23,5 17.1 8.5 32.1 1.7 108.s 81.3 70.3 24U .5
=13.3 ~1.8 15.7 38,4 54,8 147,5 1tu,l Sh.2 58,5
-u9.,1 -2 =13.,9 20,9 100,58 137,1 160.8 155,6 97,8
-12,3 -5, 7 10,5 21.5 118,% 83,1 144,99 113.4 ©9,2
-4 7.1 22.7 25,7 35,9 =11.5 37.9 107.3 9,2
3 =261 10,4 5.5 53,1 =17,0 75.2 1062.8 38,2
2.1 =248 5.2 35,4 uB,3 27,7 118,9 190,1 86,8
5,5 =27.5 3.0 13,4 55,0 4.1 117.3 129,06 to01,0
5.1 Sl 35,1 =~22,8 26,0 4,6 =52,2 71,0 80,4
5,5 =3,1 =38.s 39,4 38,86 71,0 152,8 107,3 78,0
-20,4 =17,9 36,7 45,3 =84,8 106,50 128,01 111.6 84,3
7.7 =17,9 29,5 48,1 5.8 i1s,2 17.2 109,3 55.1
=5.1! 4,0 22.6 37.7 134,8 t29,5 173.5 123,90 97,9
-d U 2l.8 34,9 S6,9 52,9 189,5 95,90 95,6 25.40
8,2 =1.1 24,9 ls,8 102,83 10s6,4 31,7 140.0 B4, U
-18.4 -.5 21,2 28,3 38,5 131,2 2€1.1 149,.8 43,2
«32,4 =18,2 9.1 43,7 SS.e 7.6 67,5 90,1 80,8
=2d,1 =J0,A =30,2 9.5 =24,0 57,4 80,6 101,93 10%.4
-17.86 L9 17,1 12,4 7.7 110,66 153.3 30,2 64,9
~55.4 4,1 28,8 26,0 =102,t 118,2 118,77 16s,d 102,58
=5.,8 =18,z 4,8 b, 7 44,7 42,5 89,3 157,77 103,3
14,4 =30,] 13.0 b, d 43,3 100,7 165.,2 192,.% 73.3
1,2 lu.6 d4u,4 27,1 169,3 77.7 74.8 30.9 ol, 4
14,2 =5 Seb 43,7 130,s 80,0 204,5 1.0 57.9
1.2 17,2 15.3 71,4 a,7 81,1 191,3 159.1 49,5
2,9 =R, 28,9 9¢,2 83,2 40,5 89,2 14a,3 d4,8
-27.0 2.5 40,9 54,6 150,8 85,7 139.8 122.9 39,5
=3.4 8,8 6.1 4e,8 49,1 117,4 77.5 138.3 A4,9
=5.3 =43,4 1.3 13.8 35,4 75,9 118,2 ft9.0 02,8
=176 =11,8 =22,4 ~3,4 24,8 81,3 109.,3 145,9 48,5
6,9 =L5,7 19,3 Fa.3 S2,.u4 23,4 130.% 140,2 il
10,4 21,1 32,6 =36.5 169,77 48,5 129,0 St.2 19e.7
2.5 17,8 =34.7 15,2 13s,0 133,01 136.5 9O I6ITE T -
<28, 8777 eT 0 TS IR, S TSR O TR T ITAL Y 147,7 . 81,5
4,2 F2ALST 39,00, T e 1T as 8T e6Ls Tiga 5T
~7.8 -4,y 7.7 22.4 55,5 84,0 107,0 99,1 83,9
10,4 21,k ad,4 90,3 16%,7 174.5 200,5 192.4 13n,7
49,1 ~43.,4 =73,8 =S8.8 =102,1 =30.b =52.2 23.1 3,2

TASLE 8=-3

EFFECTIVE DHaAINAGE =aSiy OF FYREWRILL CREEA

NET EVAPURATION TN “[LLIMETRES

713,777

DEC

=10.5
3.1
-18,1
=2.b
=i,7
=-17.5
=14.0
=B.3
1.4
“Teb
=R, 2
3.9
=10.7
2.3
=7,9
=1.
=.8
21,7
2.6
=le,2
-8,7
-38,7
=35,4a
=3.7
-34.0
~10,%
~18,9
=21.1
b6
-l'u
=16,.5
s
-'a
2.8
-13,8
27,4
25,2
-28,5
~5,2
-7.3
3.3
-5,3
11,8
=56,2
~2%,0
-3
-12,3
3,9
=2,8
-7
=10,5
-3,3
=la,.4
-a,7
~1.2
=2t.0
-18.8
=50.b
=29.0
=25,4
-5,%
-18.3
-.9
-24,7
“21,7
=99

Teb8,5"

=2,5
=lu,é

-11.9
11,8
56,2

" Shaded area denotes net evaporation computed using precipitation recorded at Provost.

Inshaded area denotes net evaporation computed using orecipitation recorded at Macklin.
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ANNUAL

234,
i78,7
395.4
459,86
154.,7
S06,7
S14,¢8
532.0
72,2
1a8,5
448 ,8
218.9
456,5
383,3
uad,9
19,0
d438,3
519.9
197.0
351.0
217.1
4506,
529.4
341.1
S07,7
470,7
278,48
Ja5,1
3atl,.0
4g2.2
287,9
300,3
191,7
44,4
284,53
411,0
565,48
476,7
261.5
249,9
401.1
ajd,2
197,1
401,.7
397.4
us2.8
675,48
57¢C.8
$24.5
979.,9
270.0
2G4,5
420,35
3g3,2
4u3,3
571.2
19,0
S37.1
221.7
445,3
299.2
188,%
403,5
514.3
52%.7
619,34
hIa,o0
4lb,.R8
335.0

492,10
075,58
12,2

”““Shaded area denotes net evapgration computed using precipitation recorded at North Battleford.
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TABLE C-1

EFFECTIVE DRAINMAGE BASIN OF EYEHILL CREEX

WATER USE PROJECTS

- - - o
o | e ]t | e [ e
. Drainage® | At F.5.L.| At F.5.L.| Depletion
; | Area, Km? dam? ha | fam* A_J
! | )
1 NE 03-27-03-W4| Alta. | Unautn. | 1360-1980 |  s.W. 0.2 1.9 04 |
2 SW 14-37-03-Wd; Alta. tic, 4310 1373-1980 S . 7.3 1.2 0.4 k 1.2
3 SW O 12-37-03-W4) Alta. Unauth. 1967-1980 SUW, 2702 B.& 0.8 [ !
4 SE 12-37-03-W4)| Alta, | Unauth. 1967-1980 1 S.M. 1.3 2.5 5.2 ! :
5 NE 06-37-02-wd )} ATta. Unauth. 1960~ 1980 \ S.W. 13.3 2.5 0.2 l |
6 NW 05-37-02-wWd | Alta. Unauth. 1967-1980 S, 1.3 1 4.9 .4 i 1
? SE 05-37-02-Wd | Alta. | Unauth. | j960-1980 S W 0.7 2.5 | 0.2 1
8 SE 05-3?-02~Nd: Alra. Unauth. To87-1980 l S, 0.7 4.9 N 0.¢ \
9 3E 03-3?-01-Hd} Alta. Lic. £590 1944-1980 | S.HW. 2.3 14.8 2.4 | 12.3
10 SW 09-3?-01-H4; Alta. Auth. 14210 1966-1980 F W.P. 2.9 110 g.¢ | 38.7
11 NE 35-37-01-W4 . Alta, Auth. 13929 1978-1980 | W.P. 83.2 36 5.5 j 25.8 ]
12 . St 32-37-28-43| Sask. | Unauth. 1960-1980 l 5.H. 0.5 0.5 | 0.1 i
13 © MW 32-37-28-43| Sask. | Unauth, 1960-1580 S.H. 0.3 1 | 0.2 |
14 ! SE 16-38-28-W3 | Sask. Lic. 837 | 1937-1980 . S.u. 2.3 | 4.4 0.5 | 2.0
15 NE 16-38-28-u3 | Sask. Unauth. (52470 ! 1985-1967 S_W. 0.9 f 4.9 0.4 ’
16 SE 03-39-28-W3 ) Sask. Lig. 50281 1814-1958 T ind. 5.3 11060 | 73.6 358 :
17 NE 33-38-28-W3 | Sask. Auth. | 1283 | 1939-1975 S.W. 59.0 ] arr0 20 | 0.0
17 | NE 33-38-28-W3 | Sask. Auth. 1283 1976-1580 S.W. ,Rec] 59.0 I 4420 1 246 [ 0.5
L | | i L ] i 5 l |
NOTES:
1. Abbreviations used in the "Project Status” and "Purpose" columns are as follows:
Lic. - Licansed;,  Auth. - Authorized; Jnauth. - Unauthorized
S.W. - Stock Watering; W.P. - Wildlife Preservation; 1ind, - Industrial, Rec, - Recreation

any projects upstream,

2. Unregulated effective drainage area is the effective drzinage area between the specifiad oroject and

3. Jepletion is the reducticn in streamfliow at the project and includes water withdrawal for human or
Ttvestock use, evaporation losses, and change in storage.

€-2



TAKLE C = 2
EYERILL CREEK NEAR MAaCHKLIN = STATIGN NN, 05Ga007
NET QEPLETION NF UPSTRELM PRNJECTS [% CUSIC “ETRES PER SECOND

MEAN FOR VO UME

YEAR JAN FER MaR apw May Jun Juu AUG SEP ocT NOV DEC  mamr=0CT DAM3
1912 - - - - - - - - - - - - -
1913 - - - - - - - - - - - - - -
1914 - - - - - - - - - - - - - -
1919 - - - - - - - - - - - - -
1918 - - - - - - - - - - - -
1917 - - - - - - - - - - - - - -
1918 - - - - - - - - - - - - - -
1919 - - - - - - - - - - - - - -
1920 - - - - .00 .no .00 .00 .00 .00 - - - -
1921 - - .00 .00 W00 .00 .00 .00 .00 L90 - - .00 .ac
1922 - - .00 ,a0 .00 .00 L0 L00 .00 .00 - - .00 ,a0
1923 - - .00 .00 L00 .00 .00 .00 .00 L00 - - LU0 Lan
1924 - .00 W00 .0n .00 00 L0 a0 .00 - - 200 .00
1925 - .09 .on L00 L0 .00 .00 L09 Lan - - L0 .00
14926 - .00 L00 L00 .00 D00 .00 .00 .00 - - .90 .00
toz7? - - .00 L0 00 00 .0 .00 .00 W00 - - 00 00
1928 - - .00 00 .00 .00 W00 .00 La0 .00 - - .00 .00
taza - - L 00 00 .00 0o ,00 00 L00 D0 - - .00 .00
1930 - - - o0 .06 a0 .00 L0 .00 .cn - - - -
193] - - - - - - - - - - - - - -
1932 - - - - - - - - - - - - -
1933 - - - - -~ - - - - - - - -
1934 - - - - - - - - - - - - - -
19319 - - - - - - - - - - - - -
1938 - .00 .00 .00 .an - . - - - - - -
1937 - - - - - - - - - - - - -
1948 - - - - - - - - - - - -
1939 - - - - - - - - - - - - - -
1940 - - - - - - - - - - - - - -
1941 - - - - - - - - - - - -
1942 - - - - - - - - - - - -
1943 - - - - - - - - - - - -
19ad - - - - - - - - - - - - - -
1948 - - - - - - - - - - - - -
1946 - - - - - - - - - - - - -
19a7 - - - - - - - - - - - - - -
19un - - - - - - - - - - - - - -
19u9 - - - - - - - - - - - - - -
HEL - - - - - - - - - - - - - -
1951 - - - - - - - - - - - - -
1952 - - - - - - - - - - - - - -
1953 - - - - - - - - - - - - -

1954 - - - - - - - - - - - - - -
1955 - - - - - - - - - - - - - -
1956 - - - - - - - - - - - - - -
lqs‘] - - - - - - - - - - - - - -
1954 - - - - - - - - - - - - - -
1959 - - - - - - - - - - - - - -
1960 - - - - - - - - - - - - - -
1901 - - - - - - - - - - - - - -
1962 - - - - - - - - - - - - - -
1963 - - - - - - - - - - - - - -
19ad - - - - - - - - - - - - - -
19453 - - - - - - - - - - - - - -
1966 - - - - - - - - - - - - - -
1967 - - .09 » 53 -, 23 -, 07 .00 .00 L G0 L 00 - - .00 a2,
1968 - - .15 .02 .09 .00 .00 W00 .00 00 - - ,02 450,
1959 - .00 .29 -.10 ~.08 ,01 .00 W02 .00 - - W02 o,
1970 - - L 00 J18 -.01 =-.06 -, 02 W00 .01 L 00 - - .01 280,
1971 - - .00 W12 .29 -, 08 -, 01 - t1 .00 .00 - - ,03 574,
1972 - - 0o .07 09 .00 .01 L0t 02 W02 - - .02 336,
1973 - - 02 W07 .01 W41 -, 22 .00 .00 .02 - - 04 760,
1974 - - 09 .22 -, 03 -, 05 .90 Rli] - 01 LU - - .02 udo,
1975 - - .0n .21 -, 42 -.13 -, 0t , 00 .08 NF - - -, 03 =700,
1976 - - .08 =.09 .02 .01 .02 .00 L00 W a0 - - L0t 138,
1977 - - T W03 .32 00 =,01 L00 L00 L00 - - .04 499,
1978 - - 20 .19 .00 W01 -.02 .00 L0 Lon - e 04 ase,
1979 - - W43 ~.u7 .02 .00 W00 L 00 , a0 L00 - -. 01 -120,
1980 - - W01 b .00 W00 .00 LU0 Lon L0n - - .01 180,

NOTE: NEF DEPLETTON COMPUTED OnLY FOR BERIGDS QF STREAMFLOw RECORD NN EYEMILL CREEX,
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tee,
29040,
as0s,
180,
lb&00,
630,
34040,
i8a69,
11100,
Qauuo,
3460,
G929,
ireo,
6100,
4300,
23oeon,
1800,
1aud,
2500,
3s0,

43do,
16600,
129,



TARLE D=2
EYERILL CREEX NEAR MaACAL [N = STATION NU, 0564007
COMPUTED AnD ESTIMATED Nalural FLOws
IN CUnIC METRES PEW SECUND

ME AN FOR vOLu;E

YE AR JAN FEB mak APR MaY JUN JuL UG SEPR ucT OV DEC MaR=aCT DAM

1912 - - - - .13 2740,
1913 - - - - Lo 3490,
1914 - - - - .17 1ac0,
1915 - - - - R 1200,
19t - - - - 17 3so0d,
1917 - - - - .12 2500,
1914 - - - - W11 2400,
{919 - - - - .09 2000,
1920 - - - - .32 s70q,
1921 - - - - La1 8700,
1922 - - - - -] 34400,
1923 - - - - W14 3000,
1924 - - - - .19 “0on,
1925 - - - - W17 3500,
1928 - - - - W12 2600,
1927 - - - - W26 Sedd,
192a - - - - .27 5800,
1929 - - - - W11 2300,
1930 - - - - .18 3809,
1931 - - - - ) 0600,
1932 - - - - .18 IL0o,
1933 - - - - a1 4400,
1934 - - - - .20 4200,
1935 - - - - W12 2out,
1938 - - - - 14 3000,
1937 - - - - .12 26004,
1938 - - - - .27 5800,
1939 - - - - .24 4300,
1949 - - - - .13 2800,
1941 - - - - .24 S109,
1942 - - - - .10 2200,
19u3 - - - - .23 4800,
1544 - - - - 20 5600,
1945 - - - - W11 2200,
1946 - - - - W18 3400,
1947 - - - - .25 5400,
1908 - - - - 29 &dc¢a,
1949 - - - - .12 2500,
19540 - - - - o4 3oca,
1951 - - - - 24 5409,
1952 - - - - .15 3100,
1953 - - - - A0 2109,
19954 - - - - .08 17¢0,
1955 - - - - 206 lacg,
1958 - - - - « 38 4000,
1957 - - - - 06 1300,
1958 - - - - .15 3300,
1959 - - - - 02 430,
1900 - - - - 04 730,
1981 - - - - S0t 170,
1962 - - - - «15 l1vo,
1963 - - - - .19 a10q,
1904 - - - - .91 220,
1965 - - - - W40 8400,
1964 - - - - .03 630,
19807 - - - - 11 2400,
1968 - - - - .09 2auo,
1989 - - .00 2.7 1.7 .00 .01 .00 +02 + 00 - - 340 7200,
197¢ - - .00 Az J04 V) 01 W27 04 00 - - .15 3190,
1978 - - A0 1.9 33 L00 00 23 .02 03 - - .3 oS00,
1972 - - W14 L .02 .01 .01 .01 .22 + 06 - - .09 1990,
1973 - - .02 .07 .01 Lb0 {1 .00 06 03 - - V-] 2600,
1974 - - .00 1,7 .08 .05 .00 Lo 00 04 - - .24 Stoo,
1975 - - .00 21 + 30 15 .04 +03 +09 + 31 - - 1O 2200,
1976 - - .08 edl 11 .15 10 £ 00 .03 04 - - 11 2400,
1977 - - Q0 «03 32 .00 W00 .00 L0 W00 - - L6 940,
1974 - - 20 «15 00 .01 A0 .00 200 00 - - , 095 ase,
1979 - - .13 .03 .22 L00 .0¢ 00 .00 00 - - .09 18400,
1980 - - +01 «37 da 00 .90 .00 « 00 00 - - 07 ldoy,
ME AN - - .08 .59 .20 .13 .10 08 08 «07 - - el? 3500,
Hax - - 57 2.8 W63 80 .85 27 22 33 - - 41 &700.
mEN - - L 00 .00 00 .00 00 L 00 00 .00 - - 01 170,

UNSHADED AREA DENDTES NaTURAL FLGWS COMPUTED BY ADJUSTING RECORDED FLOWS FOR UPSTREALM waTER USE,

SHADED AREA DENOTES NaTURAL FILOWS ESTIMATED HY PRIORITY ] REGRESSIGN EQUATIONS (SEE TAmLE 1 ON
PAGES 1o 4ND 7)., 4 PRIDRITY t EQUATIDN [S ThE MOST RELTABLE REGRESSION EQUATION DERIVED FoR
A PARTICULAR MONTH, FHOWEVER, EXTREME CANE SHOULD BE TAREMN IN USING THESE NATURAL FLOWS,

SHADED ARE4 DENOTES NATURAL FLOWS ESTIMATED BY PRIQRITY 2 REGRESSION EQUATIONS (SEE TARLE ! ON
PAGES 16 aND 17), A PRIORITY 2 EQUATION [S THE SECOND MOST RELIABLE REGRESSION EQUATION DERIVED
FOR & PARTICULAR MONTH AND IS USED wNERE QATA LIMITATIONS PROMIBIT THE USE OF PRIORITY 1
EQUATIONS, EXTREME CARE SHOULD BE TAKEN Im USING THESE NATURAL FLOWS,
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TanlLE U=}
EYEHLILL CREE® AT ALREWTA=SaSKATCHENAN suOURGARY
ESTIYATED naTURAL FLUA [N CU3IL METRES Per SECOMD

MEAM FOR  vOLUME

YEAR Jan FEB HAR PR Ay Jun JuL 4UG SER ocT NOV DEC MAK=QCT DAM3

1912 - - N3 L30T e »17 09 SO L08 - - L9 1800,
1913 - - N1 [5-3 SRRCENNA ¥ -} s &1 Uo 839 06 - - 11 2400,
1914 - - +2F [ A 2 -22 07 08 08 - - .12 2see,
1915 - - .02 .6 S5 P 1 <03 ~08 D05 - - .23 490q,
1918 - - W01 .13 20 w21 11 0T 2 ;08 - - A 2440,
1917 - - 00 30 #15° NI P24 +08 +85 - - 208 Vrog,
1918 - - 20 .29 ¥ 0t NiF 03 T - - .08 1700,
1919 - - N 1] .10 elS + 08 U5 «0& . 0T - - o 1400,
192¢ - - 33 750,38 .19 U7 30 - - - e2 4600,
1921 - - .00 1.4 L4l .15 T .08 .08 - - W28 6000,
1922 - - 00 1 i .10 .05 .05 .05 - - P11 © o eso0n,
1921 - - - - +10 2100,
1924 - - - - .13 2800,
1925 - - - - .12 25040,
1924 - - - - , 28 1704,
1927 - - - - .18 laco,
193K - - - - .19 3990,
1929 - - - - .08 isuo,
1930 - - - - .13 2600,
1931 - - - - .21 w50,
1932 - - - - 2 2800,
1933 - - - - .14 3000,
1934 - - - - Ju 2989,
1935 - - - - .09 1800,
19%6 - - - - W10 2100,
1937 - - - - .08 1800,
1938 - - - - .19 44040,
19'59 - - - - Jlu 2900,
1940 - - - - P 1900,
1941 - - - - 18 3s5a0,
1sue - - - - W07 1500,
1943 - - - - .18 i3co,
{9du - - - - W18 3800,
1945 - - - - 07 1500,
1946 - - - - ot e3oa,
1947 - - - - W17 37040,
194A - - - - 20 4100,
1949 - - - - .08 1700,
1950 - - - - .10 2600,
1951 - - - - .18 3700,
14952 - - - - W10 elea,
1953 - - - - .07 1500,
1954 - - - - 08 1800,
1955 - - - - .04 930,
1958 - - - - .26 5500,
1957 - - - - .08 870,
1954 - - - - W11 22¢0,
1959 - - - - 01 300,
1980 - - - - .02 560,
1981 - - - - .01 110,
1962 - - - - .10 2100,
1963 - - - - W13 2800,
1564 - - - - .01 150,
1965 - - - - .27 S&86Q,
1966 - - : o 2 LIRPNRE R § Sh e A 9 Qo : - - 20E 430,
1967 - - L 08 L20 06 .03 .00 .00 .00 - - .08 1su0,
19648 - - 31 0t .00 .00 .00 .08 .09 - - J08 1400,
194649 - - .00 L 04 .00 .00 00 ,02 ,00 - - .23 us00,
1970 - - .00 L 03 D0 00 J18 .03 .00 - - 10 2100,
1471 - - .00 .23 00 .00 W10 .01 .02 - - .21 4500,
1972 - - .09 .02 .0 0% 00 .15 204 - - .08 13ca,
1973 - - .81 L01 L4l .13 .00 .04 .02 - - 08 1840,
1974 - - 00 L] .04 00 «03 .00 .03 - - ie 3500,
197% - - +20 W21 .10 .03 .02 .08 .01 - - .07 1500,
1976 - - .05 .28 .04 .10 .07 .00 02 ,03 - - ,08 16040,
1977 - - .on 02 22 .00 .00 00 .00 L00 - - .03 540,
19748 - - Plu W10 .00 00 .00 .00 .00 L00 - - W03 034,
1979 - - 30 W02 .15 .00 00 .00 00 ,00 - - TS 1300,
1958 - - W0 25 09 L00 .00 .00 .00 .00 - - WU 93¢,
ME AN - - r 45 14 .08 W07 , 00 04 .04 - - W1 24Q0,
Max - .39 L.9 .43 .01 .58 .18 W15 .23 - - .28 snoo,
MIN - - «00 .00 .00 .00 .00 .00 .00 ,a0 - - .01 110,

UNSHADED AREA OENOTES NATURAL FLOwWS ESTIMATED BY PRORATING COMPUTED FLOWS IN TABLE D=2
ON THE BASIS COF DRAINAGE aWEA RATILO,

SHADED AREA DENUTES NATURAL FLOWS ESTIMATED BY PRORATING ESTIMATED FiLOwS Iy TABLE D=2
ON The BASIS OF DRAINAGE aARLA RATIO, ExTREME CARE SMOULD HE TAKEN 1N ULSING THESE FLOWS,




Month

Dependent
Variable

March

Aprit

May

June

July

Teg Q¢
Teg Q¢
Teg Qp
log Q
log
%

log Q¢
log Q¢
Tog QE
log Qp
og Qp
tog ¢

log Q¢
Tog QE
log Q¢
log Qp
1og QE
log QE

SUMMARY OF REGRESSIQON ANALYSES

TABLE D-4

Independent
Variables

leg QM
Teg Qg
Tog Oy,
leg qBB
Teg QBB

pNov.-Mar.TMar-.

log Qy
lag Qg
log QBU
Tog QBB
Tog Qpg
Tog Qpg

pSep.-Oct.PNov.-Mar.QMar.

Tag Qy
Tog QB
Tog O,
log QBB
lag QBB
log Qgg
PMayQMar.QApr.

pMayQMar.QApr.

Tog Oy
Tog Qg
109 Og,
109 Ogp
log QBB
log QSB

Pdun.QApr.QMay
Pyun.Qapr. Ouay

log QM
log Qg
log QBU
log UBB
Tog OBB .
Tog QBB

PJul.QJun.

Period of
Record Used

In Analysis
1967-80

1921-29,36
1967-7%

1921,24-26,29,68-79

1968-79
1921-2%,36,67-80

1967-80
1921-30,36
1967-79
1921-30,68-79
1921-30
1968-7%
1921-3C,67-80

1967-80
1921-30,36
1967-79
1920-30,36,67-79
1920- 30,36
1967-79
1921-29,36,57-80
1921-29,36

1567-80

©1921-30,36

1967-79
1920-30,36,67-79
1920-30,36
1967-79
1321-30,36,57-80
1921-30,36

1867-80
1621-30
1967-79
1920-30,67-79
1920-30
1967-79
1920-30,67-80

D-5

Mean »
S

in m/s

.10
.02
.10
.08
A1
.06

.66
.58
.68
.64
.57
.70
.64

.34
.14
.24
.35
.14
.23
.36

.08
.22
.08
.15
.22
.08
14
.22

03
.16
.03
.09
.15
.03
.09

Corraelation

Coefficient

.95
.60
.72
.45
72
.74

.93
.82
.66
.69
N
.78
.87

.62

.44
.20
.40
.42
.40
.52

.89
.02
.42
.16
.30
.42
.47
.84

.80
12
.28

.42
.30
.76

Standard
Error in

% of Mean Qg

50
230
320
460
315
140

35

140
110
43
120
80

160
53
200
210
50
210 -
78
30

120
438
380
410
45
330
110
33

140
72
320
430
8l
320
a1



TABLE 0-4 (continued)

Period of Standard
Dependent Independent Racora Used Mean Qr, Correlation Error in
Month Yariable Variables ) In Analysis in m3/$ Coefficiant % of Mean Q¢
August log QE log QM - 1967-80 G4 .62 270
log QE log QBU 1967-79 .08 81 330
log QE log QBB 1920-30,67-79 .06 .23 410
log QE log Qag 1920-30 .09 .57 38
Tog QE log Qgg 1967-79 .04 .56 310
QE PAug.QJul. 1920-30,67-80 .06 .18 136
Qg pAug 1 1920-30 .09 .67 a1
September log QE Tog QM 1967-80 .04 .69 220
Tog O Tog g, 1967-79 .04 .08 390
Tog QE Tog Qg : 1920-30,67-79 .06 .08 300
log QE Tog QBB TQZQ-JD .08 .50 35
Tog QE Tog QBB 1967-79 .04 .14 390
Qe PSep.QAug 1920-30,67-80 .06 .25 92
OE PSep.OAug. 1920-30 .08 .69 33
Getober lag QE Tog Qy 1967-80 .02 .59 220
log QE Teg QBU 1867-79 .03 .30 300
log QE Teg QBB 1920-30,67-79 .07 .09 300
log Q¢ log Qpg 1920~30 a2 .29 48
Tog QE Tog QBB 1967-79 _ .03 .35 290
Qg QSep. 1920-30,67-80 .67 .64 86
QE QSep. 1920-30 2 .76 44

EXPLANATION OF SYMBOLS:

QE = natural flow at WSC Station No. 05GA0D7 on Eyehill Creek near Macklin for the month indicated,
in cubic metres per second,

QMar = natural flow at WSC Station No. 05GAGO7 on Eyehill Creek near Macklin for the month of March,

in cubic metres per second; similarly for April (Q J, May (Q,_ ), June (Q ), July (Q s
August (0Aug }, and September (QSen . Apr. May . dun. Jul.

=)
=
L]

natural flow at WSC Station No. 05GA003 on Monitor Creek near Monitor for the month indicated,
in cubic metres per secand.

natyral flow at WSC Station No. 05CHO02 on Berry Creek near Wardlow for the month indicated,
.in cubic metres per second.

)
o
[’}

QBU = natural flow at WSC Station No. OSFE0OY on Battle River near Unwin for the month indicated,
in cubic feet per second. .

natyral flow at WSC Staticn No. OSFFOQT on Battle River at Battleford for the month indicated,
in cubic feet per second.

P5ep -Oct. © total precipitation fn the Eyehill Creek Basin during September and October of the preceding
. “year, in millimetres.

4 = total precipitation in the Eyehill Creek Basin from Movember of the preceding year to March of
Nov.-Mar. O,
-“the current year, in mitTimetres.

PHay = grecipitation in the Eyehill Creek Basin during May of the current year, in millimetres; similarly
for June (Pdun Vs July (PJul ). August {FAug.}' and September (PSep_).

TMar = temperature index for the month of March in the cu}rent year, computed 4s follows:
9]

TMar. =z T'Mar
t=1

where T'y. . s the maximum temperature on the ith day of March, in degrees Celsius, ff the
maximum température exceeds 0.0°C.

el

NOTES: See next page.
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TABLE D-4 (continued)

NOTES:

1.

The correlation coefficients represent the degree of correlation between the dependent variablas
and the corresponding independent variables. Where the dependent and independent variables are

in logarithmic units, the correiation ceoefficients represent the degree of correfation between
the logarithms of the flows.

Standard error is a measure of the accuracy of flows estimated by a particular equation. An
squation with varjables in logarithmic units will over-estimate flows to 2 greater degree than
it will under-estimate flows. For example, the standard error of am equation with variables in
Togarithmic units could have a lower limit of -50 percant and an upper limit aof +100 percent.
For sase of comparison, the standard errars in this table were computed as the average of the
absoTute values of the upper and lower Tlimits,

0-7



APPENDIX E

COMPARISON OF
WATER USES
AND NATURAL FLOWS

S e i -

' Page
Table Number
E-1 Eyehill Creek at Alberta-Saskatchewan Boundary
Proportion of Natural Flow Depleted by Upstream
oIy =Y o 4 £-2
E-2 Eyehiil Creek at Alberta-Saskatchewan Boundary

Fiow Received by Saskatchewan in Excess of 50%
Natural Flow

........................................ F-3
E-3 Eyehill Creek at Alberta-Saskatchewan Boundary

Proportion of Natural Flow Depleted by Upstream

Projects, For Present Level of Development .......... £-4
E-4 Eyehill Creek at Alberta-Saskatchewan Boundary

Flow Received by Saskatchewan in Excess of 50%
Natural Flow, for Present Level of Development ...... EF-5
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1912
1913
1914
1915
1918
1917
1918
1919
1920
1921
ig22
19213
1924
1928
1928
1927
1928
1929
1930
1931
1932
1933
1934
1935
1938
1937
1938
1939
19490
1941
1942
1943
ICrY]
1945
1348
1947
1948
1949
1350
1951
1952
1953
1954
1955
1956
1957
1958
1959
1961
1961
1962
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1964
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1969
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1974
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2. THIS TABLE wAS DERIVED BEFJRE ROUNDING OFF NET DEPLETICON va
LUES AND THEWEFNRE DOES NUT
AGREE EXACTLY wITH THE RATIO GF VALUES IN THHLE Cw3 TO COAKESPONCING VALUES [N TadLE D3,
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YEAR

1912
1913
1914
1915
1918
1917
1914
1919
1929
1921

1922
1923
1924

1925
t92e0
1927
1929

1929
1930
1931

1932
1933
1934
1939
1938
1937
1938
1939
1949
1941
1942
1943
1944
1945
1946
1947
1948
1949
199¢
1951
1952
1953
1954
1955
1954
1952
1958
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1960
1901

1962
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1965
19866
1967
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1972
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.01
£00

.03
+00
.00
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.01
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.09
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.03
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.03
.02
.01
.01
.91
.0t
.05
Ot
06
.01
.05
.09
.02
.01
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01
01
.23
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.01
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W11
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27
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.38
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W17
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.00
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1922
1923
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19as
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1972
1973
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GROSS DRAINAGE BASIN
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A  WATER SURVEY OF CANADA
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/" DRAINAGE AREAS FOR EYEHILL CREEK

~

[ GROSS DRAINAGE AREA, km? [EFFECTIVE DRAINAGE AREA, km?
LOCATION
ALTA. | SASK, | TOTAL | ALTA. | SASK. | TOTAL
EYEHHL CREEK AT
SOUNI LAKE 8280 280 8560 /] 0 0
YEHH REEK AT
FAL‘FA,*L ASCK. BDY. B840 %0 9130 128 2 130
S
851’5.&007 i 8890 1030 9920 130 60 R0
EYEHILL CREEK AT
WSEHETAT‘;DN Na,
05GA QO 930 1660 0,596 130 220 350
EYEMILL CREEK AT
\@IT& LAKE 3930 3030 n,960 130 260 390j
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FIGURE 2

C B

/EFFECTEVE DRAINAGE BAS!N\
OF EYEHILL CREEX

LEGEND:

A\ WATER SURVEY OF CANACA
GAUGING STATION.

EFFECTIVE DRAINAGE BASRY
UPSTREAM OF A{TA-5ASK. BDY.
EFFECTIVE BASIN BETWEEN_ A(TA.-
SASX. B!)Y, [ STA.ESSGA 07 ¢
EFFECTIVE BASIN BETWEEN 5TA,
05GA007 & STA. 05GAOOL
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