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CHAPTER |

INTRODUCTION

6l e i e

The apportionment between Canada and the United States of the
waters of the Milk River, including its tributaries, is governed by’the
Boundary Waters Treaty of 1909, which specifies the propdrtion of the natu-
ral flow to which each country is entitled. The subsequent Order of the
International Joint Commission, dated October 4, 1921 gives general proced-
ural guidelines for determining natural flow. As indicated in the map,
Battle, Lodge and Middle Creeks arise in Alberta, flow southeast through
Saskatchewan and join the Milk River in the United States.

The natural flow computations are performed on an interim basis
to provide current information needed for the effective operation of reser-
voirs and to ensure that each country receives its share of the natural flow
on a continuing basis. In order to provide real-time information, it is
necessary to use prelimianry data, some of which may be based on approxi-
mations; therefore, the natural flow computations are repeated annually
when all input data become available in final form. The annual computations
represent a final account of the apportionment and are included in the

annual report to the International Joint Commission (IJC).
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Apportionment of Battle, Lodge and Middle Creeks is also
governed by the 1969 Prairie Provinces Water Board Master Agreement on
Apnortionment.

The Prairie Provinces Water Board (PPWB) Committee on Inter-
Jurisdictional Agreements Administration (COIAA) was given the specific
assignment of developing a methodology for the efficient administration
of the waters of the Battle, Lodge and Middle Creek Basins at the March
20, 1973 meeting of the Board. The assignment resulted in part from a
Battle-Lodge Creek study previously carried out for the Board by
Environment Canada (1). The previous study had not addressed the third
term of reference, 'to develop procedures for the efficient administration
of interjurisdictional agreement'.

The COIAA, in its report (2), recommended in part to the Board,
that: |

1) The annual flow of each of the three watercourses known as Battle
Creek, Lodge Creek, and Middle Creek be apportioned at the Alberta-
Saskatchewan boundary with Alberta permitting a quantity of water
equal to 75% of the natural flow of each watercourse to flow into

the Province of Saskatchewan.

2) Apportionment, balance and audit periods be established on Battle
Creek, Lodge Creek, and Middle Creek at the Alberta-~Saskatchewan
boundary to implement apportionment. The approach used is similar
to that employed in balancing flow in other streams at interprovincial

boundaries. The periods should be:



a.

One apportionment period per year extending from
January 1 to December 31.

One balance period per year not to extend beyond
the current apportionment period.

Three audit periods;

one in spring, cne Iin

summer and ¢ne in the fall, as indicated below.

Spring Summer Fall
Battle Creek May 1% July 29 October 25
Lodge Creek May 18 July 29 October 29
Middle Creek July 28 October 28

May 17

The procedures for determining natural flow at the interprovin-

cial boundary are to be based on the procedures used in the international

natural flow computations, and if the international flow procedures are

modified, the interprovincial procedures will be revised accordingly.

The intent of this report is:

to document procedures and assumptions used in determining
natural flow at the interprovincial boundary;

to provide some insight into the philosophy or reason for
certain procedures or assumptions;

to act as a user's manual for computing natural flow at

the interprovincial boundary on an interim and annual basis.



CHAPTER 11

DEFINITIONS

Many of the words and phrases used have specific meanings that

must be defined for the purposes of this report. They are:

Agreement - means the Master Agreement on Apportionment (including
Schedules A to D inclusive) executed the Thirtieth day of October, 1969,

by Canada, Alberta, Saskatchewan and Manitoba.

Apparent Natural Flow --is the calculated flow at the boundary including

streamflow storage changes, evaporation, diversions, return flow and

channel losses.

Apportionment Flow - is the volume of flow subject to apportionment.

Apportionment Period - The Agreement states in Section 3 of Schedule A

that the apportionment period for volumetric flow between Albérta and

Saskatchewan shall be the calendar year.

Audit Perfod - is a specified period of less than twelve months for which
natural flows are calculated and comparisons with actual flows are made to

determine the flow adjustments necessary to effect apportionment.



Balance Period - is the period, following an audit period, within which

the flow adjustments necessary to effect appcrtionment are made. This

period may not extend beyond the current apportionment period.

Board - means the Prairie Provinces Water Board (PPWB).

COH - means the Committee on Hydrology.

COIAA - means the Committee on Interjurisdictional Agreements Administration.
Commission - means the International Joint Commission (13C).

Discharge - means a rate of streamflow.

Diversion - means a man-made transfer of water from a Stream for use at some

other location.
Flow - means a volume of flow.

Master Agreement - means the Master Agreement on Apportionment not including

Schedules A to D inclusive.

Monitor - the term "monitor” when used in the Master Agreement, has two
distinct meanings. Section 7 of the Master Agreement states that ...
the parties agree that the monitoring of the quantity and quality ...”
will be the responsibility of Canada. The term "monitoring” in this
context means the actual measurement of flowor the measurement of concen-
tration of various constituents in the water bodies crossing the inter-
provincial boundaries. In Section 10 of the Master Agreement the term
"monitoring” is used as follows: ... The Prairie Provinces Water Board

shall monitor and report on the apportionment of water...". In this

context, monitor means review or administer.

6



Natural Flow - means the quantity of water which would naturaily flow in
any watercourse had the flow not been affected by human interference cor

human intervention.

Shortage - A shortage has occurred if, at the end of an apportionment
period, the terms of the Agreement have not been met at a specific appor-

tionment point, or if a discharge c¢riterion has not been met.

WSC - means the Water Survey of Canada.
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CHAPTER 111

BACKGROUND
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Battle, Lodge and Middle Creeks rise in the Cypress Hills area
of southeastern Alberta and southwestern Saskatchewan and flow in a south-
easterly direction. Water use in the basins dates back to the early 1900's
and, because of the arid nature of the area, water use has grown steadily
in the ensuing years. Water Survey of Canada has calculated a ten-day
balance period of natural flow for Battle and Lodge Creeks at the Inter-
national Boundary since 1956 and 1961 respectively. Based on the ten-day
natural flow ca]cu]atfons, Canada attempts to ensure each period that 50%
of the natural flow is passed to the United States. Normally the water
rights administrative agencies in each province attempt to allocate water
up to the median natural flow of the stream. The result, in lower than
normal years, is that some portions of the basin suffer varying degrees of
shortage. International commitments must be met first, as the Boundary
Waters Treaty takes precedence over provincial legislation.

Since these streams lie within a semi-arid area, the flows are

highly variable, as illustrated in the following table.



TABLE 1

VARIABILITY OF FLOW IN
TRIBUTARIES OF THE MILK RIVER

March-October Natural Flow
at International Boundary

Gross
_ Drainage
Maximum Minimum Mean Area Yield
Tributary (dam®) (dam?) (dam3) (km2)  (dam3/km2)
(1)
BATTLE CREEK 138 000 1 650 33 700 2471 14.0
(2)
LODGE CREEK 161 000 1 230 38 100 2119 18.0

(1)
(2)

Based on period of record 1956 to 1981

Based on period of record 1961 to 1981 and at the International
Boundary includes Middle Creek.

The schematic maps on pages 10 and 11 depict the Battle, Lodge

and Middle Creek Basins.
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CHAPTER IV

PROCEDURE FOR DETERMINING
NATURAL FLOWS

il G i e

The method utilized to determine the natural flow is based on
the procedure used in computing the natural flow at the international
boundary (3). The method is similar to the Project Depletion Method,
as described in an earlier COH report (4) to the Board. Required input
to determine the natural flow and procedures for determining the values
are described herein and the chapter concludes with the computational

form to be utilized.

DIVISION PERIODS

International

The waters of Lodge and Battle Creeks at the international
boundary are divided in accordance with the Order of the International
Joint Commission dated October 4, 1921 which stipulates that "The natural
flow of the eastern (otherwise known as the Saskatchewan or northern)
tributaries of the Milk River at the points where they cross the inter-

national boundary shall be divided equally between the two countries".

This rule could be interpreted to mean the division of water be made on
a daily basis; however, it was recognized by the Commission that a

daily division was impractical so compilation of the natural flows at

12




the international boundary is done three times a month during the irriga-
tion season, from March 1 to Octcber 31. The periods were planned to
cover the monthly dates 1-10, 11-20, 21-30 or 31. This approach to
division periods is complicated by a diversion or a realease not producing
an instantaneous change in the flow at the boundary. In order to account
for travel time, the entire river length has been divided into several
segments and the dates of the division periods lagged proportionally.
Another complication in the case of Battle Creek is the fact that Cypress
Lake is used as a storage reservoir and for inter-basin transfer of water
between Battle Creek and Frenchman River. In order to account for any
inter-basin transfer between the two basins in the same time period and
because of different'trave1 times to the boundary on Battle Creek and
Frenchman River, it was necessary to adjust the division dates for Battle
Creek at the international boundary so that periods cover the monthly
dates 5-14, 15-24 or 25, 25 or 26-4 of the following month. In order to
have the same number of division periods in the Battle Creek, Lodge Creek
and Frenchman River basins, it was necessary to adjust the first and last
division periods for Battle Creek to cover the time period March 1 -

March 14 (14 days) and October 26-31 (6 days) respectively.

Interprovincial

Although the interprovincial division of natural flow involves
three audit periods, and one apportionment period, the computations are
done on the same ten-day basis as for the international division. Con-
sidering the travel times previously noted, the February 23 - March 8
period at the interprovincial boundary for Battle Creek would correspond

to the March 1 to 14 period at the international boundary. Similarly,

13



on Lodge Creek, a variety of periods, depending upon the location of
the projects, varying from February 25 - March 6, to February 27 -
March 8 at the interprovincial boundary would correspond to the period
March 1-10 at the international boundary and on Middle Creek the
February 26 to March 7 period at the interprovincial boundary would
correspond to the period March 1-10 at the international boundary.
RESERVOIRS

Storage Changes

Any water that is stored in a reservoir during a division
period depletes the natural flow and is considered positive (+); that
is, a charge againsttheprovinceirxwhichthestorage occurs. Conversely,
any water released during a division period augments the natqra] flow
and is considered negative (-); that is, a credit for the province
that releases the water. The amount of water stored or released during
a division period is computed as the difference in reservoir contents
between 0000 hours on the first day of the aivision period and 2400

hours on the last day of the period.

Evaporation

The construction of a reservoir with the resultant impoundment
of runoff greatly increases the amount of water lost to the atmosphere.
This increase in evaporation is considered as a depletion and is deter-
mined by utilizing the evaporation data collected at meteorological
stations established in co-operation with the Atmospheric Environment
Service in each tributary basin. The evaporation station consists of a

class "A" evaporation pan, rain gauge, maximum and minimum air and water

14



thermometers and a wind velocity indicator. The water in the evaporation
pan in maintained at a constant level by either adding or removing water,
as required, on a daily basis.

For the purposes of natural flow computations “evaporation is
defined as precipitation plus the change in the pan water level where
the change in water.1eve1 is positive (+) if water must be added to the
pan and negative (-} if water must be removed from the pan". Application
in this manner considers evaporation as a use by the upstream jurisdiction
and allows the same jurisdiction a credit for water storage created by

the existence of the reservoir.

It is accepted that water evaporates at a greater rate from a
pan than from a reservoir due primarily to different heat storage
characteristics. Because of the uncertainty in computing reservoir
evaporation from pan evaporatidn and to keep the computations as uncomp-

licated as possible, reservoir evaporation is defined as:

RESERVOIR EVAPORATION = 0.70 (previous day -pan reading - current day
pan reading)

The pan reading is taken at the same time each day according to observa-
tion time instructions issued by the Atmospheric Environment Service.

The reservoir evaporation thus gives a net reservoir evaporation
as a depth over the reservoir. This depth is converted to a volume each
day by multiplying it by the surface area of the reservoir at the mean
elevation for the ten-day period. Daily evaporations are then summed
and applied as a total evaporation over the ten-day computation period.
Reservoir evaporation in the Battle, Lodge and Middle Creek basins is

computed using actual data from the Altawan evaporation station.

15



Following is a list of the reservoirs in the Alberta portion
of the Battle, Lodge and Middle Creek basins for which evaporation and
storage must be calculated in the determination of interprovincial flow

for apportionment:

BATTLE CREEK BASIN

Reesor Reservoir

LODGE CREEK BASIN

Bare Creek Reservoir
Cressday Reservoir
Greasewood Reservoir
Jaydot Reservoir
Massy Reservoir
Michele Reservoir

MIDDLE CREEK BASIN

Mitchell Reservoir

CHANNEL LOSSES

The application of channel losses falls into the following
two general categories:

(a) Losses which would have occurred in the natural state to water
which is now stored in reservoirs or diverted for irrigation
in Canada.

(b) Losses to water which is released to the stream from existing
reservoirs or which is returned to the stream from irrigated land.
The channel function that is applied to flow depletions and

return flows consists of a loss constant and a variable loss factor to

reflect seasonal variations in channel losses.

16



L = KD+ P (Q- KD) INTERNATIONAL BOUNDARY EQUATION

WHERE

L is gross potential channel loss in cubic decametres over
period D,

D is number of days in the flow period (10 or 11 days),

K is Toss constant in cubic metres per second for a particular
river reach, x 86.4 to convert to dam®/day,

P is variable loss factor for a particular river reach and season,

Q 1is gross flow depletion; that is, total depletion less return

flow for a particular river reach. (dam?)

Battle Creek Basin Loss Factors

Because of the high groundwater contribution in the Battle Creek
Basin, the variable loss factor (P) is considered to be zero. The only
Toss constant (K) in the basin above the interprovincial boundary is for
the reach from Reesor Reservoir to the boundary. The loss constant (K) for
this reach has been calculated to be 1.231 dam®/day. This calculation
was made on the basis that this reach constituted approximately 25% of the
reach between Reesor Reservoir and Gaff Ditch, and the difference between
their loss constants to the‘internationa1 boundary (3) was used as the

base for determining 'K'.

Lodge Creek Basin Loss Factors

The loss constants (K) and variable loss factors (P) to the
international boundary have been calculated by Canada and the United

States, and are as follows:

17



Upper Lodge Creek Area (Michele, Greasewood, Massy and Bare Creek Reservoirs)

Loss Constant

K = 7.344 dam’/day

Variable Loss Factor

Period P

to Mar 27 .06

Mar. 28 to Apr 26 .09
Apr 27 to May 27 .15
May 28 to Aug 27 .24
Aug 28 to Sep 26 .15
Sep 27 to Oct 27 .09

Cressday Reservoir Area

Loss Constant

K = 4.925 dam®/day

Variable Loss Factor

Period P

to Mar 28 .04
Mar 29 to Apr 27 : .06
Apr 28 to May 28 .10
May 29 to Aug 28 .16
Aug 29 to Sep 27 .10
Sep 28 to Oct 28 .06

Jaydot and Altawan Reservoir Areas

Loss Constant -

K = 2.419 dam3/day

Variable Loss Factor

Period P

to Mar 29 .02
Mar 30 to Apr 28 .03
Apr 29 to May 29 .05
May 30 to Aug 29 .08
Aug 30 to Sep 28 .05
Sep 29 to Oct 29 .03

18



Cevelopment of a method for estimating channel losses from
the aforementioned areas to the interprovincial boundary was made on
the basis of the following assumptions:

a) that the following equation holds,

AL = L] -LZ
WHERE AL - Toss from an area to the interprovincial boundary
L1- loss from the area to the international boundary
L2- loss from the interprovincial boundary to the
international boundary

therefore,

AL = L]~L2 :

[Ky0+P1 (Q-K;D)] - [K,D + P,(Q-K,D)]
(Ky=K,)D+(Py-P,)Q-[ (P, K;-P,K,)D] INTERPROVINCIAL BOUNDARY
EQUATION

b) that the loss on Lodge Creek from the interprovincial boundary
to the international boundary is the same as the loss from the
Altawan Reservoir Area to the international boundary.

1}

AL

AL

Based on these assumptions and the following calculations of
loss constants (K) and variable loss factors (P), the channel losses for
each area in the Lodge Creek Basin to the interprovincial boundary have

been developed as:

Upper Lodge Creek Area (Michele, Greasewood, Massy and Bare Creek Reservoirs

Loss Constant

= 7.344 - 2.419
= 4,925 dam?/day

Variable and Combined Loss Factors and Constants

P]K1 P,Ky P.Ky-

reriod 1 P2 PiPp 252 1Pk
to Mar 27 06 .02 .08 0.44 0.05 _ 0.39
Mar 28 to Apr 26 .09 .03 .06 0.66 0.07 0.5
Apr 27 to May 27 .15 .05 .10 1.10 0.12  0.98
May 28 to Aug 27 .24 .08 .16 1.76 0.19  1.57
Aug 28 to Sep 26 .15 .05 .10 1.10 0.12  0.98
Sep 27 to Oct 27 .09 .03 .06  0.66 0.07  0.59

19



WHERE K = KrK2
P = P]-P2
C = P]K]-PZK2

the INTERPROVINCIAL BOUNDARY EQUATION can be expressed as:

AL = KD+PQ-CD
and, based on the calculated loss constants and variable loss factors, the
channel loss from the Upper Lodge Creek Area to the interprovincial boundary
can be expressed as:

AL = 4,925 D+P(Q - 5 D)
Since C = 10P in the calculated variable and combined loss factors and

C .

constants, the unitrﬁ-— 10, and the channel loss equation to be utilized is:

. AL = 4,925 D+P(Q-10D)

Cressday Reservoir Area

Loss Constant

= 4,925 - 2.419
= 2.506 dam®/day

Variable and Combined Factors and Constants

Period  F1 P2 PitPp Py PR, K -PK,

to Mar 28 .04 .02 .02  0.20 0.05 0.15
Mar 29 to Apr 27 .06 .03 .03  0.30 0.07 0.23
Apr 28 to May 28 .10 .05 .05  0.49 Q.12 0.37
May 29 to Aug 28 .16 .08 .08 0.79 0.19 0.60
Aug 29 to Sep 27 .10 .05 .05 0.49 Q.12 0.37
Sep 28 to Oct 28 .06 .03 .03  0.30 0.07 0.23

WHERE K = K,-K

P = P]-P2
C P.IK]—PZK2

the INTERPROVINCIAL BOUNDARY EQUATION can be expressed as:

AL = KD+PQ-CD
20



and, based on the calculated loss constants and variable loss factors,
the channel loss from Cressday Reservoir to the interprovincial boundary
can be expressed as:

AL = 2.506 D+P(Q- § D)
Since C = 7P in the calculated variable and combined loss factors and
constants, the unit %-= 7, and the channel loss equation to be utilized
is:

AL = 2.506 D+P(Q-7D)

Jaydot Reservoir Area

Since the channel loss constant and variable loss factor to the
international boundary are the same for Jaydot and Altawan reservoirs,
the channel loss to the interprovincial boundary is considered negligible.
Technically, this procedure isn't correct, but due to the proximity of
Jaydot Reservoir to the interprovincial boundary and its small storage

capacity, the resultant error is a negligible portion of the natural flow.

Middle Creek Basin Loss Factors

It can be assumed that the channel loss on Middle Creek from the
interprovincial boundary to the international boundary is the same as the
loss from the Middle Creek Reservoir area to the international boundary.
Also, since the channel Toss constant and factor are the same for Mitchell
and Middle Creek reservoirs, the channel loss to the interprovincial
boundary is considered negligible for Middle Creek. As with Jaydot Reser-
voir, this assumption for Mitchell Reservoir isn't technically correct,
but again the proximity of the reservoir to the interprovincial boundary
"and its small storage capacity result in any error being a negligitle

portion of the natural flow.
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MINOR DIVERSIONS

For international computations, it has long been considered
impractical to establish gauging stations on diversions such as small
irrigation projects. The same philosophy holds true for interprovincial
computations. As a result, minor diversions are calculated by indirect
methods.

The Water Rights Branches of Alberta Environment and Saskatachewan
Environment solicit information by July 1 and October 31 from the licen-
sees of minor projects within the contributing drainage area and derive
estimates of the total seasonal and annual use in these small projects
based on the licensees' responses and field inspection, if required.

The natural flow computations to July 29 are adjusted, if
necessary, based on the reported water use of July 1. The reported water

use to October 31 is used for the final natural flow report.

Battle Creek

For Battle Creek there is only one small minor diversion in
Alberta with an optimum annual utilization of 55 dam®. Because of the
small volume involved, this usage is not considered in the first audit
period; adjusted or applied, if necessary, after the second audit period
based on water use returns; and again not considered for the final audit
period. The final apportionment report is prepared on the basis of re-

ported water use to October 31.

Lodge and Middle Creeks

Lodge and Middle Creek utilize a variety of inputs to determine
minor diversions during the interim reports. Calculated utilization in

the Stokke-Buchanan project in Saskatchewan comprises a major portion of
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minor diversions. Other minor diversion use is calculated by applying
a percentage value, estimated by previous years' records to the calculated
utilization of the Stokke-Buchanan project. Further modifications, in-
cluding the percentage value to be applied, are made on the basis of a

field knowledge of what is actually occurring in these basins.

Although the procedure may appear rather crude, a close approxi-
mation can be made utilizing this method as minor diversions are relative-
ty fixed for low, medium and high flow years. During a low flow year the
percentage value used may be as high as 60% and in a high flow year it may
be as low as 2%. As previously noted, the final natural flow computations

are adjusted based on water use reports submitted by provincial agencies.

DOMESTIC PROJECTS

A domestic project is defined as a small reservoir which is used
for household and/or stockwatering purposes. In the calculation of natural
flow for international apportionment, the domestic project usage is calcu-
lated for the Battle Creek Basin, but isn't calculated for the Lodge and
Middle Creek Basins as domestic usage is a very small percent of the
natural flow. For interprovincial apportionment of Battle Creek the same
criteria as for Lodge and Middle Creeks can be applied as domestic usage is
essentially non-existent since Battle Creek above the interprovincial boun-
dary is located within the undeveloped area of Cypress Hills Provincial

Park.
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TABULAR COMPUTATIONS

The natural flow computations for Battle, Lodge and Middle
Creek Basins are made by utilizing a standard form for each stream. The
forms shown on pages 25 to 29 are straight forward and utilize the values
previously discussed and developed in this chapter.

Appendix I contains sample natural flow calculations for each
of the three basins. The sample calculations are prepared for the 1977
Tow flow year as this is the period when the most significant problems
with apportionment occur, and it is worthwhile documenting this type of

event to formulate water management plans.
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CHAPTER V

SUMMARY OF
PROCEDURES

This user's manual describes in detail the procedures to be
utilized in determination of the natural flow of Battle, Lodge and Middle
Creeks at the interprovincial boundary; however, a brief summation here-
in is also provided for the information of Board agency staff not direct-
1y involved in the computations, but who are responsible for the manage-

ment of the water resource.

APPORTIONMENT, BALANCE AND AUDIT PERIQDS

Apportionment Period

There is one apportionment period per year extending from
January 1 to December 31. The apportionment of water at the interprovin-
cial boundary is an Alberta share of 25% of the natural flow, and a

Saskatchewan share of 75% of the natural flow.

Balance Period

The balance period of once per year won't extend beyond the

current apportionment period.

Audit Periods

Audit periods will be made in the spring, summer and fall on

the following dates:
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Spring Summer Fall

Battle Creek May 19 July 29 October 25

Lodge Creek May 18 July 29 October 29

Middle Creek May 17 July 28 October 28
DEFINITIONS

Apparent Natural Flow - is the calculated flow at the boundary, including

streamflow storage changes, evaporation, diversions, return flow, and

channel losses.

Apportionment Period - The Agreement states in Section 3 of Schedule A

that the apportionment period for volumetric flow between Alberta and

Saskatchewan shall be the calendar year.

Audit Period - is a specified period of less than twelve months for which
natural flows are calculated and comparisons with actual flows are made

to determine the flow adjustments necessary to effect apportionment.

Balance Period - is the periof following an audit period, within which

the flow adjustments necessary to effect apportionment are made. This

period may not extend beyond the current apportionment period.
Board - means the Prairie Provinces Water Board (PPWB).

COH - means the Committee on Hydrology.

Discharge - means a rate of streamflow.

Diversion - means a man-made transfer of water from a stream for use at

some other location.
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Flow - means a volume of flow.

Natural Flow - means the quantity of water which would naturally flow
inany watercourse had the flow not been affected by human interference

or human intervention.

Shortage - A shortage has occurred if, at the end of an apportionment
period, the terms of the Agreement have not beenmet at a specific appor-

tionment point, or if a discharge criterion has not been met.

WSC - means the Water Survey of Canada.

PROCEDURE FOR DETERMINING NATURAL FLOW

General
The method utilized to determine the natural flow was based

on the procedure used in computing the natural flow at the international

boundary. This method is similar to the Project Depletion method, as

described in an earlier COH report to the Board.

Division Period

Although the interprovincial division of natural flow involves
three audit periods and one apportionment period, the computations are
done on the same ten-day basis as for the international division. Divi-
sion periods at the international boundary have been adjusted to corres-
ponding periéds at the interprovincial boundary based on travel times

between the interprovincial and international boundary.
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Reservoirs

Water stored in a reservoir is a charge against Alberta where
the storage occurs, and conversely water released during a division
period augments the natural flow and is a credit to_A1berta. Evaporation
is computed on a ten-day basis using actual data from the Altawan evapora-
tion pan station. Evaporation is defined as precipitation plus the change
in the pan water level where the change in water 1eve1‘fs positive if
water must be added to the pan and negative if water must be removed from

the pan.

Channel Loss

The application of channel losses falls into the following two
general categories:

(a) Losses which would have occurred in the natural state to water
which is now stored in reservoirs or diverted for irrigation
in Alberta.

(b) Losses to water which is released to the stream from existing
reservairs of which is returned to the stream from irrigated
Tand.

The channel function thatis applied to flow depletions and
return flows consists of a Toss constant and a variable loss factor to
reflect seasonal variations in channel losses.

Because of the high groundwater contribution in the Battle
Creek Basin, the variable loss factor was considered to be zero. The
only loss constant in the basin above the interprovincial boundary is
for the reach from Reesor Reservoir and this was calculated to be 1.231

dam?3/day.

33



The Lodge Creek Basin is more complex and channel losses are
applied for three reaches. These reaches are Upper Lodge Creek Area
(Michele, Greasewood, Massy and Bare Creek Reservoirs), Cressday Reservoir
Area, and Jaydot Reservoir Area. Calculated loss constant, and variable
and combined loss factors and constants, are presented in the report for
each of these reaches.

The only development in the Middle Creek Basin which would re-
quire the application of channel losses is Mitchell Reservoir; however,
due to the proximity of this reservoir to the interprovincial boundary
and its small storage capacity, it was assumed that channel losses were

negligible and weren't considered.

Minor Diversions

As it is impractical to establish gauging stations on diversions
such as small irrigation projects, these minor diversions are calculated
by indirect methods. The Water Rights Branch of Alberta Environment
solicit information by July 1 and October 31 from the licensees of minor
projects. Natural flow computations to July 29 are adjusted, if necessary,
based upon the reported water use of July 1. The reported water use to
October 31 is used for the final natural flow report. Procedures to deter-
mine minor diversions for the ten-day division period vary between the
Battle Creek Basin and the Lodge and Middle Creek Basins. This variance

and the procedure utilized, is outlined in the report.

Domestic Projects

A domestic project is defined as a small reservoir which is used
for household and/or stockwatering purposes. Within all three basins,

above the interprovincial boundary, the domestic usage is either a very
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small percent ¢f the natural flow or non-existent. Therefore, this

usage hasn't been considered in the calculation of natural flow.

Tabular Computations

The natural flow computations for Battle, Lodge and Middle
Creek Basins are made by utilizing a standard form for each stream.
These forms, contained in the report, are straight forward and utilize

the input previously discussed in this section on procedures.
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APPENDIX 1

NATURAL FLOW CALCULATIONS
OF
BATTLE, LODGE, & MIDDLE CREEKS

In an attempt to evaluate the probability of problems arising
from interprovincial apportionment of these streams, natural flow calcu-
lations were carried out for each stream in 1977. Natural flow calcula-
tions of Battle Creek at the international boundary are available from
1940. During the 43-year period from 1940 to 1982 the 1977 natdra1 fiow
was the second lowest on record, only being exceeded by 1949. Lodge
Creek natural flow ca]cua]tfons at the international boun&ary are avail-
able for 33 years from 1950 to 1982. The natural flow of Lodge Creek
during 1977 was the lowest on record during this period.

[t is readily apparent when reviewing the natural flow computa-
tions for each stream that a minor diversion usage in Alberta hasn't been
applied, which is contrary to the method described in the manual. The
reason for this is that there were no reported minor diversions for these
basins in Alberta during 1977. As they aren't available and weren't used
in 1977 when computing international natural flow for apportionment, an
attempt wasn't made to estimate them for these sample computations.

The calculations for Battle Creek presented in tabular form
indicate that although deficits in delivery occurred during some ten-day
division periods, there was excess flow delivered to Saskatchewan during
each audit period. .
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An examination of the computations for Lodge Creek creates an
entirely different picture. Deficits in delivery essentially occurred
during the first audit period and carried on throughout the vear,

International division period deficits at the interprovincial
boundary only occurred during two ten-day periods onMiddie Creek; however,
during each audit period, Saskatchewan received an excess delivery of
flow. As noted in the report, the storage capacity of Mitchell Reservoir
in Alberta is small and unless further development occurs in Alberta,

there will be an annual excess flow to Saskatchewan.

[-2



v~ Ve NIV V] Joae 3y uy- (A f1¢ gt Le 4]
6 - L€ 64 0 64 €c It 9 44 TT=0¢ IO
g6 - 79 S8 0 58 79 % 7 It 16350
066 Zt gt 09 0 05 0% U 0 0 g IO0=F T doT
8%6 ) 9z ne 0 14 "4 0 4 4 HASTS GRETS
0t6 8 he A3 0 43 44 0 S S 3T-6 d=%
226 L g€ 09 0 0S Gy q 4l 1 g dos-0f - 9nv
Sl6 U] 19 Iy 0 &7 bt 8 Tt 0T AT R LS
116 q [y 29 0 <9 4 ]} ]! T FT=g iy
906 ] (74 4 0 ¢t tt 0 U 0 CR:ATEN TGN
868 zl 5¢ Ly 0 [y [h 0 g S 62-07°I0r
989 L1 [AS 69 0 69 69 0 5 ] 61-6-1°C
699 7= hh 65 0 65 ¢t |4 rAS 6t g In[—g¢ unp
188 L~ 1L h6 0 L) 05 k] A 9% g 6L unr
706 - 4] 601 U 60T St 33 Tt 9 gT=¢ Uiy
606 5- 96 gt 0 214! 16~ 43 Tt 64 g UnT =07 K€}
76 5 [T} 861 0 861 102 = 7= ST= 6C=0¢C KPR ¢
298 78 3 x4 98¢ Y 58¢ B6¢ ET= = 1T= 61-6 Xtw
8Ll 19 <ol to¢ 0 t0¢ 1 ¥4 0T- r= W= § KEN=g. ddv
FAYA ¢01 hol 649¢ 0 65¢ 96¢ L[t- T- Bh- Q-61 1dv
519 8l 98¢ 719 0 Hls 894 hg- T- 99- S1-6*1dy
gLy ot 809 £L9 0 L9 8¢9 6t A1 IS 8 1dv—0f "1t
g0t 91- 03 901 0 901 "9 h zT 7 R
61¢ Sl 10¢ 89¢ 0 89¢ 9/¢ 801t - hI- lT- 6T-5717]
uLT! it €0l Lel 0 Lel vz oti- - ITT- B IVR-t (T q9d
6 100 % 8-y L 30 %6/ 9+¢ 74€ DEELEETA -1 paindwoy paaiasqQ [l61
Aiepuno
“uenays noTd . >>Ouuw%u:m:uocﬂ . u:Mﬂ< ) >ou%umu ::H .>>owm%ucm:uoﬂm . >>ouum%u:m:h.m~ Axepunog 98101 Axepunog
a1e(q 03 ~ipjyseq 1eanaiey . 9yl 38 *Na1) -aoadaajug S 1eToUTAOId
Hm.,uo& MOTJ §830XY [PIBYS "HySES MmOT3 *3eN | Jusuisn(py ”mwmwawmz 7230 o Tauueyy potiayg
. 01 6 8 L 9 S Y € A T
AYYANNOE TYIONTAOYAYIINT 1V ¥3FYD I1LLvE 40 MOT4 TWYNLYN



core s~ UL 9Y¢- el (t ] A glep telog,
Q 0z~ 0Z- 0L- 0L- 0 0 fe=Lr-aso
Y VA - cl- Zl- 0 0 91=7 170
0 8 8 he- Tt Y = §7I30-17 7335
0 zt- tt- he- 99 9= Y LTAT 8 R
0 qz- YA LZ- 0 0 [4 91-£"d3s
0 64- 6h- 64- 0 0 (0] g dog-gg "9ny
0 oY~ 64~ 19~ 0 14 0 [T-LT720Y
0 64- 64- 64~ 0 2 z- 91~ 30w
0 z- z- l- 5 0 0 9 8ny-§g - 101
0 (57 K 4 ol - 5 [c-(T1nr
0 he e ol - L 1] L 9t-L 10y
0 ly- Ly- L€~ gl- 0 9 9 In{~(g ung
t- 0s- 79- 6~ 61- [4 Z 9¢-Lrung
8- 05- 8l- 99- cZ- 0 0 gr-7-unr
0 6¢- 6¢- 6¢- [1- § [4 grunpf-g¢ AR
0 7l 2 0 g- 4 - IT=IT %R
0 k4] (A S 9= S 23 9T=7 KTR
0 tl el L 4 A 4 q Ke-/¢ - ady
8l 05 89 [1 L ¢l [42 g-[T 14V
9t 09 9/ [l . ol L ch 91-¢"1dy
6 43 hhl A3 6¢ A4 95 9 1dv-gg  IeR
64 hS (] FA3 62 1! 144 [C-i1 1ER
0 6¢ 6¢ S A2 A g 91~/ 1eN
0 6l 61 0 L ol [4 9 IeR-GZ QoY
9-S paandwmop 7+E+C+T PoA198qQ paAaxasqQ pa2AaassqQ | paaiasqQ LL6]
. SI1TOA19S3Y
p8po7 aaddp .MMMMHMHMM QMMMM:MMWQ: a8ea01g 23ex03g a3ea103g a8ea01g SITOAIDSDY
ﬁ@ﬂuwwmum 01 ssoq 2881035 LMWMMWNMMWM uﬁwmmmwwm MM”“MMMMUW uwmwmmem m””wmg
. T2uuey) 1e10] N ’ r1ed
/4 9 S 7 t 4 1

AJYANNOH TYTINTAOYQYIINT 1V 334D 39007 40 MOT4 TV¥NLYN




5

32 £6l 0 gyl g 0 Gz <z Juep teog
U 0 4] 0 0 6¢-61 39 0 U U 87-81-3°0
0 0 0 0 0 81-6 "3 0 0 0 L1-8°320
(z-)o 0 0 z- z- B°390-6¢ *da% 0 - - A I U PN
Z 0 0 Z z geb 70 0 z z e} N
0 0 0 0 0 81-6"d99g 0 0 0 IAGHAEEDS
0 0 0 0 0 B dss-0g 30 0 0 0 QLI s uis
(z-)o 0 0 z- z- 6C-61"3ny 0 0 0 Bc-gi 9nv
Z 0 0 4 Z 81-6 - 3ny 0 0 0 [1-§ 90y
0 0 0 0 0 R - Sny—o¢ Tn( 0 - e [ 3Y=go 1T
0 0 0 0 0 62-61 1Ny 0 [4 [4 gc-gr-1ar
0 0 0 0 0 8T-6 "IN 0 S ] (1-8° 1ur
0 0 0 0 0 B IN~6¢ "ung 0 4 A [ 1ur-gc-unrp
(y1-)o 0 0 hl- 0 LAl B! 0 0 0 [c-grunr
(0€-)o 0 0 0€- zZ- 8T-6 "UN{ 0 0 0 (1-g-unr
0 0 0 0 0 g Unf-g¢ Ae) 0 4 z [ Un[=g¢ AR
L F/ 0 q q 62-6T Aej 0 5 5 87-81 AeR
¢ L 0 [4 [4 BT=6 1) 0 4 4 [1-8 Key
(z-)0 0 0 z- Z- 8 ABH-6¢ 10V 0 Z- - 7 RPR=g¢ 1AV
07 0 0 0z Z g=6T710 0 4 [4 [T-8U 1dy
6 99 0 9z 0 8T-6"1dy 0 Z Z (1-g-ddv
602 l11 0 Z6 0 B 1dv-0¢ el 0 z z (TAdVTg] T IER
28 £ 0 64 0 6C-61"1el 0 zZ- - 8C-81 1eR
£ £ 0 0 0 81-6 " 1e) 0 0 0 (1-8°1eK
L I 0 0 0 R FACEE 0 Z 7 EF G ALY
YI+E T4 1 pPaA19sqQ polewuylisy T1T+H0T+L paai1asqoQ 6-8 poindwoy pa2axasqQ L1661
zgoavl |
2230 | Axepunog | vaaaqly ui| ®IAAQLY 58e101g A1epunog | iyoniasoy Aaepunog | o e
uwco,H noadiajuy | suoIsIaalq urt 170A1089y [feroutaoad Kepssaiy ‘noxdiajug L uum M«.OMMU( 24
jo motgq 243 3e ] uotledyaayjuoyratdag Joper —-191UT 3® luoyiatdaqg 01 ss507 Mﬁ mnmam~ 4 TPSs qu
1ranjeN |Yoaap 3dpo aouyp 19N poTa9d 19N Touueyy pssoa) poraog
Gl vl el A 11 01 6 P

AJVANNOY TYIIONIAOYYIINT 1V X3FYD 39007 40 MOT4 IW¥NLYN

I-5



L01 - B ALY
tor= 0 6 SETARER]
101 - Y Y BT=-5" 10
101~ 0 Y 8 150-6. - dog
10t~ ¢= ¢ 8C-61"dayg
bb- U U Bl-6 <7<
bb- 0 U §ASS (¢~ 9Ny
66- 0 0 bc-61 om
bb- A [4 PT=6 "oy
Lb- U 0 CRCAVEN RGN
[b- U Y 6¢-6T I
Lb- 0 Y §1-6 101
[6- 0 0 g 10l-6c unp
A 0 U 8c-6L-unr
[6- 0 0 81-6 - unp
Lb- U 0 Qg UN—Of ¢
76~ - s 66 TRTH."
h6- = rA FT=6 %
t6= 0 0 [P N AT S TR
tb- 51- 51 B¢—bl 71U
8l- t- b9 gU-6"1dv
G- 0% = 15t §IUY=0T IR
mm;. gt- 6t 6l-61 1t}
[ ! [4 81-6 1B
0 0 L 8 1B~/ 924

LT *ToD 3 9T-%1 ST 3o %5¢L L6l
ST [t A e e
oty ssoaxg ) o | e e
MOTJ SS30X7| 3aeyg " }Seq poTIag
81 (1 91

AYVANNOY TYIDNTAOYAYILINT 1V H3F¥D 39007 40 HOT4 IVUNLYN

s



AYVANNOY TYIINTAOYAYILINT LYV XIFWD 310a1W 40 MO TIvyunivN

23 911 16T 0ST 0 I guep 1Flog

23 3 5 4 T & 0 hE A RERY
Te ” g 8 8 4] © [T T90
¥4 T 7 g S 0 0 [TI30-8¢ a5
8¢ 0 T L L 0 Y Lc-81 dog
BC Y 4 Z 4 Y U {1-g7d=g
8T T 4 3 € U 0 ASCETREA
Lc 0 T 1 T U 0 BC-81 any
Le 0 ! 1 i 0 0 [T-g o0y
Le 0 4 2 0 0 [ T Ul
77 AR T 1 3 0 z- gZ-RU 17T
<z z ) 8 8 0 0 [1T-871°C
€C 4 0 0 z 0 Z- |l inr-gz unr
1C T € v v 0 0 [C-sUTnT
0T 4 9 8 8 0 U [1-g-unf
8T € € v 9 0 ©T [LTUNr-6TATK
- > < L 7 0 0 82-81 AoW| 1
T 1= oy : 9 7 0 4 (1-8 AER
vl Z 9 8 8 0 0 { Aen-gg-ady
1 3 6 T 71 0 0 LZ-81 1dy

6 z- 1T vl 6 0 S (1-g-1dy
1T £ 8 1T T 0 0 JEEL CEREE TS

8 3 6 A - 0 0 CREREEETR |
S 3 0T €1 €T 0 0 LT-g AR

z Z 9 8 g 0 0 lr-3aeR-9g-qey

9 "190 g c-¢ € 30 35/ €+C+1 | PPAI9SqQ  [palewrlsy | paaiasqQ LL6T
Tuemald moig .z%omuvacu:mouuh KLaepunog | eiaaqry ut 2%e1 A1epunog |
ot wesesl a0 |0 [own aw oo | oadizion) sueresantal U | verounaad
18305,  |mO1J SS90xg| a1eys -yseg Mwmwﬂmuwm 1D PTPPIN wormw Y TR IHMMMwu“m
7 3 9 y 3 z T




