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PRAIRIE PROVINCES WATER BCARD

This study, to develop procedures for the determination of natural
flows in the South Saskatchewan, North Saskatchewan, Saskatchewan, Churchill
and Qu'Appelle River Basins, was done for the Board by the Calgary District
Office of Water Survey of Canada under the direction of the PPWB Committee

on Hydrology. The study took four years to complete, at a total cost to the
Board of $70,500,

The result of the study was the development of a consistent, practical
methodology for accurate determination of natural flows at the points of
apportionment and the identification of minimal required additions to existing
meteorological and hydrometric networks,

The Committee on Hydrology acted in both @ mancgement and
“advisory capacity throughout the study. This working arrangement ensured
good liaison between the Board and the study group, enhanced the co-opera-
tion between the provincial and federal agencies involved, and provided spin-
off advantages for these agencies during the course of the study. In short,
involvement in the study has been beneficial to water managers in each

jurisdiction in increasing their understanding of the water resources of the
prairies.,

The Committee believes it is now possible to calculate natural flow
in all basins studied in a manner satisfactory to the water managers and
hydrologists who will be responsible for the practical administration of the
Apportionment Agreement. The accuracy of these methods approximates the
accuracy with which the Water Survey of Canada can determine streamflow at
apportionment points. The computations can be done reldtively easily at a



reasonable cost, and administrative arrangements for both monitoring and comput-
ation of natural flow can be handled by existing agencies.

The method of routing natural flow in the Qu'Appelle Basin is unique
and innovative, This basin is probably one of the most difficult in North
America in which to campute nafural flow, and the methodology developed
during the course af this study must be regarded as a hydrologic achievement
of some magnitude. The use of the US Army Corps of Engineers Streamflow
Synthesis and Reservoir Regulatian (SSARR) Model to ochieve that result is a
progressive step farward.

The fact that the Water Survey of Canada is involved in notural flow
computations on international streams waos an asset in terms of expertise and cost
reduction, The Study Group was efficient in utilizing resources, gave due
consideration to the mass of data available, and completed all assignments
requested by the Committee, The co-operation and patience of the Study Office
and in particular the Study Director, Mr, G. H., Morton, was noteworthy and
greatly appreciated. The cost of the study was probably one-half of whot would
have been expended by a group unfamiliar with natural flow methodology.

The methods and networks recommended for use in calculating natural
flows will not apply for all time. In the future as basin conditions change and

projects are developed, the recommended methods and networks will have to be
reassessed.

The recommendations of the main reports are summarized in the
following paragraphs, with more details presented in the body of this report.

The Project Depletion Method is recommended for use in all five
basins. The method basically involves identificotion and measurement or comput-
ation of depletions due to storage, diversion, evaporation and consumptive use,
and routing these depletions to the point of opportionment where they are
applied to the recorded flows at the point to produce natural flows. In the
Qu'Appelle River Basin the Project Depletion Method was supplemented by the
SSARR model which was used primarily to perform the compiex routing procedures
necessitated by the hydrologic characteristics of the basin,

Schedules A and B to the Apportionment -Agreement state that for the
purposes of apportioning water between two provinces ".,,.the natural flow shall
be determined at a point as near as reasonably may be to their said common
boundary," Apportionment points on the five rivers considered were chosen on
the basis of proximity to the boundary, the hydrologic suvitability of the site for
acceptable measurement accuracy, and inflow to the watercourse between the
site and the boundary. The following apportionment points were selected:
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South Suskatchewan River Basin - South Saskatchewan River below the confluence

with the Red Deer River

North Saskatchewan River Basin - North Saskatchewan River near Deer Creek
Soskatchewan River Basin - Soskafchewan- River near Monitoba Boundary
Qu'Appelle River Basin - Qu'Appelle River near Welby

Churchitl River Basin -- Churehill River at the Manitoba Boundary

The recommended frequency of reporting the results of computations
of flows required for apportionment purposes varies depending on the level of
use in each basin, In the South Saskatchewan River Basin, quarterty reporting
based on monthly mean values is recommended with the reporting schedule
reverfing to monthly when recorded flows drop below 1,500 cfs, Quarterly
reporting is also recommended for the Qu'Appelle River Basin. In the North
Saskatchewan, Saskatchewan and Churchill River Basins the levels of annual use
are well below 50 percent of the nafural flow, therefore annual reporting
based on monthly means is recommended,

A total of 87 hydrometric gauging stations, composed of 61 flow
stations and 26 water level stations, is recommended to provide data for the
computation of flows required for apportionment in the five basins. Of this
total 83 are existing stations and four will be new stotions. The four recommen-
ded new stations are water level gauges and the data are required for the
determination of small project use in the Qu'Appelle River Basin,

The accuracy of the hydrometric record at apportionment points is the
most critical factor in ensuring the accuracy of natural flow computations.
Instrumentation, measurement frequency and technique, and computational
procedures should be such that the error limit for monthly hydrometric record
is four percent during open water and ten percent under ice conditions, The
accuracy of the hydrometric record at other moniforing points should be commen-
surate with the use of the information and the relafive impact on accuracy of

computation of the apportioned flow. Normal Water Survey of Canada standards
would apply in most cases.

Evaporation from many of the large reservoirs in the five basins
represents a significant depletion to natural flow. |t is therefore recommended



that evaporation be computed for these reservoirs. The Meyer formula is
recommended for this computation., In order to fulfill the data needs of the
Meyer formula, nine meteorologic stations are required, Of these, seven
presently exist and two will be new stations. The two new station: are required
to provide information to estimate evaporation from the Waterton and St. Mary
Reservoirs, using the Meyer formula.

Generally, little is known about the effects of land use changes and
groundwater discharge and recharge on natural flow, Limited information
available suggests that these effects are minor compared to the magnitude of
the flows considered and the depletions applied. it is therefore recommended
thai these effects not be considered in the natural flow computations.

The table on the following page summarizes the recommendaticns made

in connection with each basin., The body of the report contains more details
on these recommendations. A map showing the recommended networks also follows.

Committee on Hydrology
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SUMMARY OF RECOMMENDATIONS

FREQUENCY REQUIRED REQUIRED
APPORTIONMENT POINT or METHOD HYDROMETRIC-STATIONS| [YAPORATION | HAET STATIONS
REPORTING T -
EXISTING MEW Ex1ST, | NEw
2 COMPUTATION MEY ER
SOUTH SASKATCHEWAN RIVER | QUARTERLY 3 ROUTING FOR
BELOW THE CONFLUENCE WITH| (NORMAL) | PROJECT (13 DIVIRSION 0 | WATCRTON 1 2
THE RED DEER RIVER MONTHLY | DEPLETION |20 RETURN FLOW &
(LOW FLOW ¢ LEVEL $T. MARY
1 COMPUTATION
NORTH SASKATCHEWAN RIVER | ANNUALLY | PROJECT 2 ROUTING 0 NOT
NEAR DEER CREEK DEFLETION | 2 LEVEL REQUIRED 0 0
1 COMPUTATION MEYER
SASKATCHEWAN RIVER ANNUALLY | PROJECT 3 ROUTING 0 FOR 6 0
NEAR MANITOBA BOUNDARY DEPLETION | 4 DIVERSION DIEFENBAKER
3 LEVEL REID & TORIN
LAKES
PROJECT 1 COMPUTATION O 3" APPELLE
QU'APPILLE RIVER QUARTERLY | DEPLETION | 7 ROUTING LAKES
NEAR WELBY AND 2 DIVERSIOM USING
55ARR 7 LEVEL 4 | pitreNpaker 0 0
ROUTING RATE
¥ FACTOR
CHURCHILL RIVER AT THE PROJICT 2 COMPUTATION NOT
SASKATCHEWAN - MANITOBA | ANNUALLY | DEPLETION | 1 LEVEL 0 | REQUIRED 0 0
BOUNDARY
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PRAIRIE PROVINCES WATER BCARD

The Prairie Provinces Water Board has responsibility for administering
the Master Agreement on Apportionment signed in 1969 by Manitoba, Saskatch-
ewan, Alberta and Canada. The Terms of the Agreement related to apportion-
ment of interprovincial streams require the computation of natural flows arising
within a province immediately upstream of a boundary crossing, There are
several methods available for estimate natural flows from a basin. To ensure

that the best method is used for Board purposes, the Board financed and directed
a study of the problem.

This report outlines the results of the study to develop procedures for
the determination of flows required for apportionment purposes at interprovincial
boundaries, The Board agreed that methods and procedures should be determined
for five major interprovincial watercourses in Alberta, Saskatchewan and Manitoba,

The methods developed during the study will compute flows required
for apportionment purposes at the boundary crossings. These flows are not
necessarily natural flows. In the South Saskatchewan River Basin the amount of
water subject to apportionment at the Alberta-Saskatchewan boundary is the
natural inflow from Alberta plus the recorded inflow from the US on the St.
Mary River, Procedures to calculate this quantity, rather than true natural
flows, have been developed in this study. In the North Saskatchewan and
Qu'Appelle River Basins, natural flows are required for apportionment at the
boundary crossings, therefore the procedures developed do calculate natural flows.
Apportionment of the Saskatchewan and Churchill Rivers ot the Saskatchewan-
Manitoba boundary requires the computation of a quantity which is equal to the
sum of the natural local inflow arising in Saskatchewan plus the recorded inflow
from Alberta,  Therefore, on the Saskatchewan and Churchill Rivers, procedures

to calculate flows required for apportionment, rather than natural flows, have
been developed.



The study was undertaken for the Board by the Calgary District Office
of Water Survey of Canada, Environment Canada. The Atmospheric Environment
Service of Environment Canada provided input on the meteorologic aspects of
the study, The Board directed its Committee on Hydrology to act in an advisory
capacity for the study, and to review the work of the study team and the results
pioduced. In addition, the Committee was requested to review the study reports
so that changes and modifications deemed necessary by the Committee would be
incorporated in the reports before being submitted to the Board., The Executive
Director of the PPWB Secretariat, as Chairman of the Committee, provide
lioison between the PPWB and the study group. '

The work was done under a financial agreement between the Board
and the study group, whereby the Board reimbursed Water Survey of Canada
for costs associated with wages, travel, stationery, computer time, consultants
ond printing, Several other indirect costs such os heat, light, space and

solaries for senior personnel were obsorbed by Water Survey of Canada resulting
in considerable saving to the Board,

The study began in the summer of 1971 with a small pilot study to
determine study criteria and computationol methods to apply to the investigation.
The study outline resulting from this work was approved by the Committee and
the Board. The study was completed early in 1976 and the report printing and
distribution completed by the spring of 1976,

The total cost of the study to the Board was $70,500.

Methods of determining natura! flow from the five basins were derived

during the study, and a report was prepared for each basin, The reports
prepared are:

Natural Flow -  South Saskofchewon River below Red Deer River

Natura! Flow -  North Soskatchewan River ot Alberta-Soskatchewen Boundary
Noture! Flaw - Soskefchewan River at Soskatechewan-Menitabe Beundary
Natural Flow -  Qu'Appelle River at Saskatchewan-Maniteba Boundary
Notural Flow * =  Churchill River at Saskatchewan-Manitoba Boundary

User Manual -  South Saskatchewan River below Red Deer River

User Manuol -~  Qu'Appelle River at Saskatchewon-Manitoba Boundary

Natural Flow Network Evaluation

This Summary Report to the Board contains the recommendations of the
Committee on Hydrology based on the conclusions and recommendatiors presented
in the above reporis. This report also contains o brief description of some of
the technical considerations pertinent to natural flow computations,
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This chapter describes some of the technical considerations involved
in the selection of methods to calculate natural flows. Most of the de-
tailed investigations were done during the South Saskatchewan River Basin
natural flow studies, A pilot project was initiated and different computation
methods were tested. These included the Project Depletion, Stream De-
pletion, Rimflow and Consumptive Use methods. The Soskatchewan-Nelson
Basin Board opproach to natural flows was also considered, Based on
these investigations it was concluded thot the Project Depletion Method
produced the most accurate results, and was easiest fo apply, particularly
for the South Saskatchewan River Basin, Studies in the remaining basins
were nof as exhaustive and were primarily involved with assessing the
adequacy of the Project Depletion Method in the basin under consideration,
The Project Depletion Method was found to be suitable also for the
North Saskatchewan, Scskatchewan, Qu'Appelle and Churchill River Basins,

The hydrologic complexities of the Qu'Appelle River Basin are
such that application of the Project Depletion Method in a similiar manner
to that used in the other basins, could not produce a sufficiently accurate
result, Although the Project Depletion approach was used, the Streamflow

Synthesis and Reservoir Regulation (SSARR) Model was employed in the
calculation of natural flows,



The ensuing sections define natural flow, discuss the components
-of natural flow computation, and describe the basic methods investigated,

NATURAL FLOW DEFINED

The Master Agreement on Apportionment defines natural flow as
"the quantity of water which would flow in any watercourse had the flow
not been affected by human interference™. The definition used for com-
putational purposes differs slightly in that the effects of forestry, land use
ond groundwater manipulation on natural flows are not considered.

Reclamation of lands which, in their natural state, do not
normally contribute fiow to the main streams is a practice which has
been pursued with increcsed vigor by londowners in recent years. The
proctice is particularly widespread in the Qu'Appelle River Basin,

Studies by Provinciol and Federal agencies have been inconclusive in
determining whether or not drainage works contribute significantly fo
flow volumes. In at least one such study it was concluded that the
effects of artificiol storage works in the basin offset the effects of
droinoge works, These studies also show that a fairly complete land use,
topographic and soil type inventory, as well as a practical understanding
of the effect on hydrologic relationships of these factors, would be «
prerequisite if altered precipitation -~ runoff relationships are to be
numerically accounted, Comprehensive data of this type is not available
for most of the region being studied. Until canclusive evidence is
available which clearly shows that drainage works contribute significantly
to flow volumes at interprovincial boundaries, it is recommended that

the effect of these works be ignored in natural flow calculations, In
any case, the total effect is thought not to be very significant in com-
parison to the magnitude of present depletions,

Information on the effects of groundwater inflow and recharge
on natural flow is lacking. Groundwater storage and sub-surface flow
are influenced by forestry and agriculture, and locally by reservoir
construction. Very little is known about the changes in the surface
runoff and sub-surface flow regimes resulting from changes in land
use and reservoir construction, Determining the extent of such modifi-
cations and the ultimate result on natural flow would be a major study
in itself, 1t is generally felt that the quantities involved are small
with respect to the natural flows benng considered and the identifiable
sources of error.



Some studies of the groundwater component of return flow of
Alberta irrigation districts indicate that this component of return flow can
vary considerably, This variation can be attributed either to regional
conditions or to the methods of determination. On the basis of existing
groundwater data it is felt that a network of wells or piezometers to
establish the groundwater component of return flow for al!l irrigation
districts would be a large undertaking. Indicafions from the examination
of streamflow data are that the groundwater component of refurn flow

is very small. For these reasons groundwater has not been considered in
this study,

The Report of the Qu'Appelle Basin Study Board, 1972, estimates -
the groundwater inflow to the Qu'Appelle River System to be 40,000
acre-feet of water annually with Last Mountain Lake receiving the most
significant groundwater inflows. The report however, makes no statements
on the timing of groundwater inflows and the precise amounts entering
Last Mountfain Lake. In order to account for this inflow, groundwater,
evaporation, and ungauged and unestimated focal inflows were freated as
a lumped quantity which is determined by a water balance for Last Mountain
Lake, This method of handling ungauged inflows is possible through the
use of the SSARR model.

COMPONENTS OF NATURAL FLOW COMPUTATIONS

Water Uses

The major uses of water which are considered in the computation
of natural flow at any given point are reservoir storage and evaporation
losses, and consumptive use, which is primarily for irrigation.

The time effects on riverflows caused by operation of major
reservoirs must be included in the calculated downstream natural flows,
In addition, any appreciable evaporafion losses due to the impoundment
of what would otherwise by naturally flowing water must be computed
as a consumptive use, In the case of certain reservoirs in the Eastern
Rockies headwaters, evaporation losses may be neglected due to consistently
cool surface conditions, or a small increase in surface area due to
reservoir construction, The remaining reservoirs are located in the
Foothills or on the Prairies and generally have a much larger surface

area fo flow through ratio; therefore, evaporation losses are significant
and must be determined.



Irrigation consumptive use can be calculated by simple summation
if total diversion, return flow and local natural runoff are known. In most
cases the diversion is gauged as is a significant portion of the apparent
return flow, The ungauged return flow can be reasonably estimated using
regression analysis and verified by measurement or by estimates submitted
by irrigation project management, The estimated local natural runoff from
irrigated areas must be subtracted from the apparent return flow to produce
return flows of irrigation water, Diversion less true return flow equals
the consumptive use.

Unmeasured depletions due to small projects have not been
considered in most of the basins under consideration, The depletions
due to these projects are usually small when compared to the natural
flows at apportionment points. Further, these projects usually effect
their depletions during the spring runoff period when flows are high,

In the Saskatchewan River Basin for example, the mean annua! depletion
of small projects was estimated from Water Rights files as 16,500 acre-
feet . This amounts to only 0.1 percent of the natural flow at the
Saskatchewan-Manitoba boundary. For the Qu'Appelle River Basin, the
estimated annual small project useage of 10,500 acre-feet can be as

high as 33 percent of the natural flow at Welby in a dry year. Provision

has therefore been made to compute small project uses in the Qu'Appelle
River Basin.

-

The Natural Runoff Component

The Natural Runoff Component, which is used in connection
with natural flow computation methods, is defined as the natural runoff
which is produced by a project or area and is not measured. This
component of natural flow cannat be measured because it is combined
with irrigation return flow. The calculation of a natural runoff component
is required for most of the natural flow computation methods although
the area from which the natural runoff component is estimated will vary
depending on the natural flow computation procedure used.

Three methods were identified for computation of the natural
runoff component; the Versatile Soil Moisture Budget, Multiple Regression
Techniques, and a Ratio Technique. Of these, the Versatile Soil
Moisture Budget is considered to be superior, Due to the estimations
that are necessary for any method of determining the natural runaff
component, the results can be considered accurate only to + 30 percent,



The Project Depletion method of natural flow computation ro-
quires the computation of the natural runoff component fram an irrigated or
project area only, When the natural runoff component wos colculated for
the Pilot Project area for a hydrologic situation which combined the maximum
runoff through return flow chonnels with the minimum seasonal natural flow,
the natural runoff camponent was found to be only 0.6 percent of the
natural flow of the South Saskatchewan River at the forks, This is far
below the normal three to five percent streom gauging error. The Stream
Depletion ond Rimflow methads of natural flow computation require cal-
culation of the nafural runoff component far a "bulk” area which is much
lorger than the irrigation project itself, For the same hydralogic situation
ond the same Pilot Praject the notural runoff camponent was found to be
two percent of the natural flow at the forks, It was cancluded thot the
natural runoff companent is insignificant for natural flow computation methods

using a project orea approach but must be taken into accaunt in bulk oreo
methods,

Evaporotion

The net chonge in the water supply delivered ot the Provincial
boundaries as a result of increased evaporation losses caused by reservair
construction must be included in the calculation of natural flows,

The mast basic method of computing evaporation loss from o
reservoir makes use of a woter budget, This methad fails when inflow
ond outflow are large relative to the area of the reservoir because errors
in flow measurements may be as large as evaporation losses. It also
fails when errors in the computation of change of storage are of the same
magnitude as evaporation lasses.

Another basic method makes use of the energy budget to compute
evaporation losses. This method requires extensive insfrumentation and
camplex computation, making it unsuited for operational purposes. It

may be useful however, for checking the coefficients used in empirical
formulae,

Evaporation from shallow reservoirs may be estimated by direct
camparison with measurements from an evaporation pan., With the use
of these pans, evaporatian from deep reservoirs will be overestimated
earfy in the evaporafion season and underestimafed late in the season
due ta heat starage in the reservoir, although seasonal totals may be



acceptably accurate. Evaporation pans require daily manual observations.

Empirical mass-transfer formulae may be used. These require
measurements of a'rmospheric vapour pressure, surface water temperature and
wind speed. Recording instruments may usually be used, making daily
manual attention unnecessary., Computations are simple, Since the co-
efficients used in the equations have usually been defermined under some-
what different conditions they may not apply perfectly for different reservoirs,
Errors of up to about 10 percent may result from the use of an unsuitable
coefficient, Of the many empirical formulae available the Meyer formula
has been most widely used, and as far as is known at present, is as
accurate as any, Use of the Meyer formula is recommended until some
significantly better method can be demonstrated,

Applicable evaporation losses are small if:

(1) the water surface is cool compared to the atmospheric dew point, or
(2) the increase in water surface area due to reservoir construction
is small, or
(3) the reservoir surface replaces a densely forested area, since
transpiration from dense forest may be nearly as great as evaperation
from an open water surface assuming moisture for evaporation is
available, i
Computed evaporation losses should be compared with' the errors
to be expected in measuring streamflow, If the streamflow is large and
the evaporative losses from a reservoir are small, evaporation from the
reservoir may be ignored.

When the Project Depletion method is used, evaporation from
reservoirs within the depletion area is included in losses from the project
area and need not be computed,

Routing

The factors which affect natural flow and must be applied
to the recorded flow to determine natural flow are termed Adjustment
ftems. These Adjustment ltems include changes due to reservoir storage,
consumptive uses and diversions into or out of a basin, Adjustments
are applied algebraically at the point where natural flow is to be computed.



The points where these adjustments occur are usually different from the
point where natural flow is computed, therefore the adjustments must be
routed downstream to the natural flow computation point,

Monthly Adjustment ltems are computed using data collected
on site at each project. The routing consists of a correction factor
applied to these figures fo compensate for the time of travel from the
individual project to the point where natural flow is determined. The
trave!l time for the projects being considered varies considerably. The
correction is made by shifting a portion of the monthly adjustment
info the following month for the natural flow calculation, The mag-
nitude of the correction depends upon the time of travel and the
level of use over the travel period for each item.,

In the Qu'Appelle River Basin, traditional application of the
Project Depletion Method failed to produce a satisfactory result. An
innovative approach using the US Army Corps. of Engineers SSARR
Model was tried and found to be successful. The approach involves
simultaneous routing of daily recorded and simulated nafural flows through
the basin taking into account off-channel storage, local ungauged inflow,
evaporation and man-made reguldtion. In order fo start the routing
process, nafural conditions must be assumed at some time., It was felt
- that conditions throughout the basin immediately following a large
flood were 'sufficiently 'natural’ for the model to proceed. Large floods

in the basin in 1955, 1974 and 1975 provided the necessary 'nafural’
conditions,

NATURAL FLOW COMPUTATION METHODS

A review of literature on natural flows and related subjects
revealed the following five basic methods for the determinafion of
natural flow:

Project Depletion Method

Stream Depletion Method

Rimflow Method

Consumpfive Use Method
Saskatchewan-Nelson Basin Board Method
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The Stream Depletion, Rimflow and Project Depletion methods were
evaluated using a Pilot Project. The area chosen for the Pilot Project was
the reach of the Bow River between Calgary and the confluence with Old-
man River. Three major irrigation districts border this reach; the Western
Irrigation District, the Eastern Irrigation District and the Bow River Develop-
ment Project, This area was chosen because of the extent of water use
and the length of hydrometric record. Descriptions and evaluations of
the four methods follow, The hypothetical water use unit shown on Figure
1 is used to aid in the description of the methods.

Figure T - Hypothetical Water Use Unit

Project Depletion Method

The Project Depletion Method involves direct gauging of
diversions to, and return flows from, a project. Referring to Figure 1,
gauged streamflows are required at Points 1, 4 and 5. The natural
flow at Point 4 is calculated as the recorded flow at Point 4 plus
diversion at Point 1 plus the natural runoff component from the project
less the return flow gauged at Point 5. As noted previously, the
natural runoff component for the project area is small enough to be
neglected, The net depletion for the project is calculated as the
difference between the total diversion and the return flows.




The Project Depletion method relies heavily upon direct messure-~
ment of factors affecting natural flow and places much less emphasis on
meteorological, topographic and land use data than other methods. The
existing hydrometric nefwork is utilized to a great extent and in the
intermediate computations for natural flow all project consumptive uses
and changes in storage are estimated. These figures would be available
for use in the operation and regulation of the individual projects.

Main stem reservoir evaporation losses must be computed in-
dividually if the Project Depletion method is used, Conveyance losses
and evoporation losses from storage internal to each project are in~
cluded in the consumptive use figures since project inflow and outflow
are actually measured, All such consumptive uses would be impossible
to separate from overall natural losses in statistical correlations and
most difficult to determine using empirical relationships. Sources of
potential error are minimized in the Project Depletion computations
because only the gauged depletions and the recorded flow at or near
the point of apportionment are used. Errors in natural flows computed
by the Project Depletion method are therefore mainly due to stream
gauging. The Project Depletion Method is therefore preferred for the
calculation of natural flows,

- Stream Depletion Method

The Stream Depletion Method involves the delineation of a
"bulk” area which encompasses the project, the point at which natural
flows are to be computed, a point upstream of the project where
natural flows are known or can be computed, and points on any tri-
butaries to the main stream where natural flows are known or can be
computed, Care must be taken when defining the bulk area to avoid
inclusion of more than one major river system or severing diversions,
In actual practise data requirements would be very high and much
estimation would be required to account for the myriad of channels
crossing the bulk area boundary. Therefore, the bulk area boundaries
generally include several projects located adjacent to a major river,

The dotted line in Figure 1 shows the bulk area for the hypothetical
water use unit.

The Stream Depletion Method calculates the natural flow
at Point 4 (Figure 1) by summing the natural flow at Points 2 and 3,
and the natural runoff component from the bulk area, The net depletion
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for the project is then the difference between the recorded and calcu'ated
natural flow at Point 4,

The Stream Depletion Method cannot account for the many
natural fluctuations in river flows which are caused by surface evaporation,
ice formation and changes in the groundwater table. These effects on
flow would be erroneously attributed to manipulation of storage or to
consumptive use., Stream depletion storage and consumption figures are
derived from total inflow and outflow data. Measurement error in these,
combined with any correlation or estimating error for ungauged minor
boundary flows, could in theory greatly increase the error in the computed
depletions. The requirement to route all flows, as opposed to only the

project depletions as in the Project Depletion Method, introduces another
source of error,

In a real application of the Stream Depletion Method it would
be difficult to monitor all minor inflows and diversions across the bulk
area perimeter which is defined for this method, The natural runoff
component, with its high 30 percent possible error, introduces a propor-
tionately greater source of error into the Stream Depletion computations
than in the Project Depletion Method, because the methodology requires
the natural runoff component from the total intervening area. In
. practise, the integral effects of all shortcomings of the Stream Depletion
Method, would produce errors greater than those produced by the Project
Depletion Method. Therefore the Stream Depletion Method is not
recommended for use in the basins considered.

Rimflow Method

The Rimfiow Method also uses a bulk area approach. The
method is based on a regression equation in which the natural flow
at Point 4 is a function of the natural inflow ta the bulk area. The
net depletion for the project is determined as the difference between
recorded and calculated natural values at Point 4,

The Rimflow Method assumes that a high degree of.statistical
correlation can be attained by considering only the flows ot the upper
and lower boundaries of the bulk area. This assumption may not be
valid in practise because the areas above the upper and the lower
boundaries may not be hydrologically homogeneous. There is also the



problem of determining historic natu-al flows at the bulk area boundaries
for use in the regression equations. Notural outflows at the lower
boundary would be reconstructed from past main stem flow and project
use records. This really means that current natural flow estimates would
be based on past estimates and would depend on the extent and accuracy
of past record used in the initial analysis. The regression equation pro-
duced by the analysis of these natural flows could then presumably be
used to determine all future natural outflows,

Another drawback of the method is that, as with other bulk
inflow-outflow methods, some correlations involving index stations must
be used fo account for the numerous lower-order streams which cross the
bulk area boundary, In addition, the determination or measurement of
rainfall-runoff parameters may be required to improve the resulting re-
gression equations. The complexity of the analysis and the data require-
ment for implementation rises accordingly. This method is therefore not
recommended for use in the basins considered.

Consumptive Use Method

The Consumptive Use Method is heavily oriented to the deter-
mination of depletions due to irrigation consumptive use, Depletions due to
storage and diversion must be handled in some other manner, presumably
by direct gauging. The Method involves computation of the evapotrans-
piration of irrigation water by crops with the use of empirical formulae,
The total project consumptive use is the sum of evapotranspiration plus
conveyance and application losses corrected for the natural runoff com-
ponent, The natural flow at Point 4 (see Figure 1) is then recorded flow
at the point plus praject consumptive use.

Researchers in this field have devised numerous emperical
formulae to determine evapotranspiration. However, the number and
variation in parameters required is large, including factors describing
meteorological conditions, crop type, farm irrigation practise, soil
type, and land preparation and topography. Generally, formulae which
have reduced data requirements are limited in their applicability,

while less restrictive methods have correspondingly higher requirements
for complex data.

An additional drawback is that conveyance and storage losses
to evaporation or groundwater have to be estimated separately. The

13
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only portion of flow which could be simulated using consumptive use
methodology is the diversion which is used by irrigated vegetation., This
includes as a consequence of computation what would have been natural
runoff from the corresponding areas. |t would seem better fo estimate
this natural runoff directly rather than to compute total areal precipitation
and deduct a calculated consumptive use, By the same token, actual
irrigation use would be better calculated by direct measurement of di-
version and deduction of measured and estimated return flows. Due to
the complex data requirements and the requirement for some methodology
to handle storage and diversion depletions, this method is not recommended
for use in the basins considered.

The Saskatchewan-telson Basin Board Method

The Saskatchewan-Nelson Bosin Board Method for determination
of natural flows was devised in order to simulate long-term natural flows
for use in large water supply studies. Irrigotion consumptive uses were
developed using regression techniques based on seasonal use per irrigated
acre and corresponding precipitotion record, This method is not, nor
was it intended to be, suited for use in apportionment.

A Su mmary

In summary the main points in favour of the Project Deplehon
Method as compared to other methods are:

- The Project Depletion Method can be used in all five basins
under consideration.

- The Stream Depletion and Rimflow methods, in essence, use
total outflow less total inflow to determine use in the inter-
vening areas, Use items for individual projects are normally
only a fraction of inflow, Therefore, by using the inflow
rather than the use items themselves, the measurement error
is unnecessarily increased.

- Precise routing of all inflow to the bulk area to the lower
boundary is essential with bulk inflow-outflow methods since
it is the largest single flow item and also probably traverses
the greatest distance., Only the depletion items require



routing in the Project Depletion method.

The natural runoff component computed using empirical re-
lationships, is used, year round, for the total development
area in the Stream Depletion and Rimflow methods. For
the Prairies, the natural runoff component can only be esti-
mated within 30 percent. The Project Depletion Method
can ignore determination of the natural runoff component
because of the low value of unit runoff in the arid areas
being irrigated and relatively small portions of the basin in
which natural channels carry both irrigation return flow and
natural runoff, Since the major portion of natural runoff
occurs during the snowmelt runoff period, which normally
occurs before the irrigation season, the two components can
often be separated,

Consumptive Use methodology relies on estimates for irrigation
conveyance and storage losses. These losses are a large
proportion of project gross useage and their estimation in-
creases the potential for error.

The Project Depletion Method is not dependent on lengthy,
high quality past record and is most suited to the existing
data gathering network.

The application of the Project Depletion Method produces
information which can be used for other water mangement
purposes. The method requires direct measurement or
estimation of evaporation from reservoirs. Transportation

and conveyance losses are estimated from direct measurement
of diversions and return flows.

The Project Depletion Method permits the developmenf of a
relatively simple data processing procedure to compufe the
natural flow, and project consumptive use and change in
storage.

The present data networks are most suited fo the Project
Depletion Method, therefore the method can be made opera-

tional sooner and data collection costs will be less than
for oi'ht_er methods,

15
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D

PRAIRIE PROVINCES WATER BOARD

REGOMMENDATIONS

Recommendations are made for the following five major river

basins:

South Saskatchewan River Basin to the confluence with the Red

Deer River

North Saskatchewan River Basin to the Alberta-Saskatchewan boundary
Saskatchewan River Basin to the Saskatchewan-Maniteba boundary
Qu'Appelle River Basin to the Saskatchewan-Manitoba boundary
Churchill River Basin to the Saskatchewan-Manitoba boundary

The Recommendations made for calculating nawral flow at each
af the boundary crossings are presented under the following headings:

A,

B.

Apportionment Point

Method

Accuracy of Flow Determination
Frequency of Reporting
Hydrometric Network
Evaporation

Meteorologic Network

Effects of Land Use Chonges
Groundwater

Routing
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A, POINT OF APPORTIONMENT

It is necommended that the point of apportionment of the South
Sashatehewan River at the Alberta-Saskatchewan boundary be a point at or

as near as reascnably may be below the congluence of the Scouth Sashatch-
‘ewan and Red Deen Rivens.

Schedule A of the Apportionment Agreement states that the
natural flow of any watercourse crossing the interprovincial boundary shall
be at the boundary or at a point reasonably near the boundary. In the
case of the South Saskatchewan River, Alberta is given the option of
apportioning the South Saskatchewan and Red Deer River as a unit below
the confluence of the two rivers. In the draft Terins of Reference for

the study, apportionment of water below the confluence of fhe two rivers
was specifically mentioned,

The procedures developed compute natural flow on the South
Saskatchewan River at Hwy 41 and on the Red Deer River near Bindloss.
Both points are very close to the boundary and the natural flow of
each river could be apportioned individually using these two points if
Alberta so chooses. On the other hond, if apportionment below the
confluence is desired, the natural fiow of the two rivers at the specified
points can be added and apportioned collectively, Both Hwy 41 and
Bindloss are sufficiently close to the boundary (approximately 10 and 15
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river miles respectively) and the confluence (approximately 20 and 25 miles
respectively) that local inflow is negligible and the flow at the confluence
can accurately be represented by the sum of the natural flow of the
Saskatchewan River at Hwy 41 and the Red Deer River at Bindloss,

Monitoring for apportionment purposes on the South Saskatchewan
River at Lemsford was rejected by the Committee, It was felt that the
streamflow records at the Lemsford station would not be sufficiently ac~-
curate for apportionment purposes. In addition, the Lemsford site is
relatively far downstream of the confluence and 50 river miles downstream
of the boundary. Local inflow, although not great, would be more
significant than in the case of using the sum of the flow recorded on the
South Saskatchewan River at Highway 41 and Red Deer River at Bindloss.

B. METHOD

1t is hecommended that the Project Depletion Method be used fo
caloeubate §Lows requined for apportionment on the South Saskaichewan
River befow the congfuence with fhe Red Deen Rivenr.

The Project Depletion Method has been demonstrated to be the
most comprehensive method for the computation of natural flows or total
depletion of natural flows, Two inherent advantages of this method,
when used for computation of natural flows in the South Saskatchewan
River basin are: its compatibility with existing data-gathering facilities,
and the fact that rather than statistically simulating regional natural state
conditions, adjustments are made only for actual depletions to flow.

Of the three remaining, commonly accepted, natural flow computational
procedures, the Consumptive Use Method is least suited to lorge-scale
determinations. This method requires data relating to a multitude of
parameters and does not in itself allow for storage and conveyance losses.
The Stream Depletion Method relies heavily on estimates of regional
natural runoff which are, at best, questionable. The Rimflow Method

is dependent upon high quality, long-term, natural streamflow record of
all flows both into and out of the region in question. A high degree

of statistical correlation between the established natural flows and
meteorological parameters is a further prerequisite of this method's operation,
The available long-term record covering the South Saskatchewan River
basin daes not fulfill these requirements,
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C. ACCURACY OF FLOW DETERMINATION

1t 45 necommended that the enron Limits fon monthly hydrometrnic
necond at the point of apportionment be four percent unden open watern
and ten percent unden Lce conditions.

The accuracy of the hydrometric record at the point of apportion-
ment is normally the most critical factor in determining the accuracy of
natural flow computations. For that reason hydrometric gauging stations
at points of apportionment should be operated as first class stations under
standards used by the Water Survey of Canada. Instrumentation, measure-
ment frequency, measurement technique, and computational procedures
should be such that the error limit for monthly hydrometric record is
four percent during open water and ten percent under ice conditions.
Particular attention should be given to the variability of the stage-discharge
relationship during low flow periods and adjustments made to the monitoring
program as necessary,

The accuracy of the hydrometric record at other monitoring
points should be commensurate with the use of the information and the
relative impact on accuracy of computation of the apportioned flow.
Normal Water Survey of Canada standards would apply in most cases.

D. FREQUENCY OF REPORTING

1t is necommended that natural §Low compufations be neponted
quarnterly, based on monthly means, reverting Lo a one month reporiing
period when the reconded fLow drnops below 1,500 cfs.

Actual use and the potential for use and storage of water in the
South Saskatchewan River basin in Alberta are high enough to require
quarterly reports of natural flow computations, During the period 1970-
1975, use on an annual basis averaged between 10 and 20 percent of
the natural flow, however during this period, monthly uses have been
as high as 45 percent of the natural flow during the irrigation season.
The Committee therefore feels that a quarterly reporting period is required
and is sufficient for the present. Increased use in the basin in the

future may necessitate monthly reporting, at least during the irrigation
season.’

Monthly reports are recommended when the recorded flow
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below the confluence of the South Scskatchewan and Red Deer Rivers drops
below 1,500 cfs, Schedule A of the Apportionment Agreement stipulates
that Alberta may use 2.1 million acre-feet annually, even if such use

is more than one-half the annual natural flow or causes the recorded flow
to be less than one half of the natural flow, provided the recorded flow
does not drop below 1,500 cfs. When recorded flows drop below 1,500
cfs Alberta must deliver at least one-half the natural flow, The Committee
feels that, under these low flow conditions, monthly reporting is required
to properly monitor apportionment, |

E. HYDROMETRIC NETWORK

1t is necommended that data obtained at the {ollowing hydrometrnic
gauging stations be used to compute flows fon appertionment purpcses on the
Sowth Saskatchewan River befow the congluence with the Red Deer Riven.

All recommended stations are existing stations and no new stations
are required, The stations are listed according to function.

Computation points:

Red Deer River near Bindloss 7 - 05CKOM4
Scuth Saskatchewan River ot Highway 41 . - 05AKDO1

Routing points:

Bow River ot Calgary - 05BH004
Bow River mear the Mouth - 058N012
Oldman River near Lethbridge - 05AD007
Diversions:
Bow River Development Main Canal - 05AC004
Conadian 5t, Mary Cancl neor Spring Coulee - 05AE026
tastern Irrigation District East Branch Conal near Lotham - 05CJ003
tostern Irrigation District North Branch Caral near Bossano - 05C 1001
Eastern frrigation District Springhill Canal neor Lothom - 05CJ1004
Lethbridge Northern lrrigation District Canal at Menzoghies Bridge- 05AB016
Little Bow Canal ot High River - O5BLO15
Little Bow River ot Carmaongay - 05AC003
Little Bow River below Trovers Dam - 05AC012
Magrath Irrigotion District Canal near Spring Coulee - 05AE021
Mounfain View [rrigation Disirict Canal - U5ADOT7
United lIrrigation District Canal near Hill Spring - 05AD013

Western lrrigation District Canol near Chestermere Loke - 05BM003



Return flow points:

Antelope Coulee Spillway (EID)

Battersea Drain near the Mouth (ENID)
Bountiful Coulee near Cranford {TID)

Bow River Development Drain K near Vauxhall (BRD)
Cairn Hill Spillway near the Mouth (WID)
Crowfoot Creek near Cluny (WID) '

Drain 5-4 near Grassy Lake (SMRID}

Drain S-10 near Bow Island (SMRID)

Drain T-2 neor Taber (TID}

Drain T-11 near Fincaostle (TID)

Expanse Caulee neor the Mouth (BRD)

Little Bow River nmear the iMouth {LMNID)
Matzhiwin Creek cbove Ware Coulee (EID}
New West Coulee near the Mouth (BRD)
Onetree Creek near Pafricia (EID})

Pigami Drain near Picture Butte {LNID)
Pothole Creek near Russels Ranch (SMRID)
Rosebud River ot Redland (WID}

Seven Persons Creek at Medicine Hat {SMRID)
Wore Coulee above Matzhiwin Creek (EID)

BRD - Bow River Development

EID ~  Eastern Irrigation District

LNID - Lethbridge Northern Irrigotion District
SMRID ~  St. Mary River Irrigation Develapment
TID -~ Taber Irrigotion District

WID - Western lrrigation District

Lake and reservoir levels:

Borrier Lake near Seebe

Ghost Loke neor Cochrane

Glenmore Reservoir**

Upper Kononaskis Loke ot Main Dom
Lower Kanaonaskis Lake ot Pocaterra Dam
Loke Minnewanka near Bonff

St, Moary Reservoir near Spring Coulee
Spray Reservair at Three Sisters Dom
Waterton Reservoir

*  Record contributed by Colgary Power
Record contributed by City of Calgary

h

05BN010
05AD038
05AG008
05BN00?
05BMO12
05BM008
054J002
05A1003
05AG023
05AG025
05AG003
05AC023
03CJ007
03BN00S
05CJ006
C5AD037
05AEQ1S
05CEQ0S
05AH00S5
05C1008

05BF024*
05BEOQS™

05BF005™*
O5BFOOY*
05BDO03*
05AEQ025
05BCO06*
05AD026

23
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F. EVAPORATION

‘ 1t 48 necommended that evaporation Losses from Watenton and SZ.
Mary Reservoins be Ancluded as depletions of natural §Low and that these
Losses be caloulated with Meyen's formula using the coefficdent C=10,

The combined net evaporation loss from Waterton and St. Mary
Reservoirs has been estimated, by the Saskatchewan Nelson Basin Board,
to average 18,000 acre~feet annually and to be as high as 30,000 acre-
feet annuaily, based on 1970 levels of development. On an annual
basis, this is a very small percentage of the natural flow of the South
Saskatchewan River below the Red Deer River, On a monthly basis
however, evaporation can be significant. For example, in September 1960
the combined estimated evaporation from the two reservoirs was two per-
cent of the estimated natural flow below the Red Deer River, This
value could be as high as four percent if the maximum monthly evaporation

is compared with the minimum monthly natural fiows during the June fo
September period.

The seven Calgary Power Reservoirs are in the headwaters of the
Bow River system. These reservoirs all have consistently cool surface
condifions, a small increase in open water surface due to reservoir
construction, and small contents relative to flow through., Under these
conditions it was felt that evaporation losses from these reservoirs could
be neglected in the natural flow computations.

G. METEOROLOGIC NETWORK

14 48 necommended that the existing meteoncfogic station at
Lethbridge be netained. 1t is alsc recommended that new metfeonclogde
stations be installed at Watenton and St. Mary Reservoins at Least fon
the perniod requined to develop nelationships between Lethbridge
evaporation and evaporation at each of the fwe reservoiss,

The mefeorological instrumentation required to esfimate evaporafion
from the Waterton and St. Mary's Reservoirs using Meyer's formula should
be installed. Measurements of water surface temperature and wind speed
are required for each reservoir. Afmospheric vapour pressure data from
Lethbridge should be satisfactory eventually, However, it may be neces-
sary to install humidity measuring equipment for two summers to discover
any bias between lakeside measurements and Lethbridge.
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H. EFFECTS OF LAND USE CHANGES

1t 45 hecommended that effects on nunoff of changing Land use
pattenns not be considered in the computation of natural f§Low.

Little is known about the effects of land clearing for agriculture,
drainage, forestry, industrial and urban development and other land use
changes on natural runoff. Assessment of these changes would itself re-
quire detailed study. Until conclusive evidence is available which clearly
shows that the land use changes cited above contribute significantly to
increased or decreased flow volumes at interprovincial boundaries, it is

recommended that the effect of these changes be ignored in natural flow
calculations. '

I. GROUNDWATER

1t 45 necommended that changes in natural {Low due fo ground-
watern inglow ch recharge not be considened Ain the computations.

Groundwater storage and sub-surface flow are influenced by
forestry and agriculture, and locolly by reservoir construction, Little is
known about the changes in sub-surface flow regimes resuiting from land
use change, particularly intensive agriculture and irrigation, Some studies
of Alberta Irrigation districts have indicated that the groundwater com-
ponent of return flow varies considerably., However, analysis of recession
curves of major return flow channels indicates that the groundwater
component is quite small. For this reason the groundwater component

of return flow, which returns to the main stem, has not been considered
in this study.

The effects of upstream monipulation, particularly reservoir
construction, on regional groundwater systems which cross interprovineial
boundaries, should be negligible, especially since the transmissibility
in the area is known to be low.
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J. ROUTING

1t is necommended that caleuwlated depletions due to consumplive
use, divension, and nesenvodn storage and evaporation be routed fo the

point of apporticnment and applied to the neconded fLow in ondern Zo
determine natural flow.,

Project depletions are calculated using on-site data, The
correction to monthly quantities due to time of travel from the point
of depletion to the point of apportionment can be considerable. For
example, in 1973, the monthly routing odjustments to natura! flow
varied between 0,6 percent and 14 percent of the natural flow of the
South Saskatchewan River below the confluence of the Red Deer River,



NORTH SASKATGHEWAN RIVER BASIN

A. POINT OF APPORTIONMENT

27

1t 48 necommended that the point of apportionment of the North
Saskatchewan Rivern at the Alberta-Saskatchewan boundary be the gauging

station, Nonth Saskatchewan Riven near Deen Creek.

The Deer Creek monitoring site is approximately 20 river miles
downstream of the boundary. There are no major sources of inflow between
the boundary and the site, and the site is well suited for streamflow
measurement, Two other sites on the river in the vicinity of the boundary
were previously rejected as apportionment points. The North Saskatchewan
River at Lea Park is affected by backwater coused by the Vermillion
River and was discontinued in 197!, The channel at the Frenchman Butte
site is hydrometrically unsuitable,

B. METHOD

1t 48 necommended that the Profect Depletion Method be used
1o caleulate natunal flows on the Noath Saskatchewan River at the
Albernta-Saskatchewan boundany.

Use of North Saskatchewan River water in Alberta is largely
confined to hydro-electric generation at the Big Bend and Bighorn
Plants, The Project Depletion method requires only that adjustments
be made for the storage increments at these two sites. The method is,
therefore, easily implemented. The Praject Depletion method is also
well suited to include adjustments for future water resource development,
Other natural flow computational procedures that warrant consideration
are: the Stream Depletion, Rimflow and Consumptive Use methods.
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These employ regional relationships of rainfall, runoff and evapotranspiration
and do not isolate specific uses. Tne data requirements with respect to
type and number of observation points is greater when any of the last three
methods is used, The Project Depletion Method can be put into operation
using existing data-gathering facilities,

C. ACCURACY OF FLOW DETERMINATION

1t is recommended that the ewron Limits fon monthly hydrometric

recond at the point of apportionment be four percent under open water
and ten percent under ice conditions.

The accuracy of the hydrometric record at the point of ap-
portionment is normally the most critical factor in determining the
accuracy of natural flow computations. For that reason hydrometric
gauging stations at points of apportionment should be operated as first
class stations under standards used by the Water Survey of Canada,
Instrumentation, measurement frequency, measurement technique, and
computational procedures should be such that the error limit for monthly
hydrometric record is four percent during open water and ten percent
under ice conditions, Particular attention should be given to the
variability of the stage-discharge relationship during low flow periods and
adjustments made to the monitoring program as necessary.

The accuracy of the hydrometric record at other monitoring
points should be commensurate with the use of the information and the
relative impact on accurocy of computation of the apportioned flow,
Normal Water Survey of Canada standards would apply in most cases.

D, FREQUENCY OF REPORTING

1t is necommended that natural §Low computations be reponted
annually, based on monthly means.

The level of development in the basin is low and present
uses are such that Saskatchewan receives its apportioned share annually.
An annual reporting period is recommended primarily for informational

purposes, but also to monitor changing use patterns in the upstream
province,
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E. HYDROMETRIC NETWORK

. I£ is necommended that data obiained at the following hydriometric
gauging stations be used fo compute natunaf §Lows on the Nonth Saskat-

chewan River at the Alberta-Saskatchewan beundary for apportionment
purposes .

All recommended stations are existing stations and no new
stations are required, The stations are listed according to function,

Computation Point:

North Soskatchewan River near Deer Creek

- 05EFDO1
Routing Points: ~
North Soskatchewon River at Edmonten - 05DF Q0!
Narth Saskatchewon River near Rocky Mountain House - 05DC001
Reservoir Levels:
Braozeou Reservoir - 05DD00s
Lake Abrahom near Nordegg - 05DCo09
There are no diversion or return flow moniforing stations required,
F. EVAPORATION
1% 48 necommended that the evaponation Losses from Lake

Abraham and Brazeau Reservodir be neglected. 1% 44 further recommended
that additional evaporation caused by the thermal plant on Wabamun Lake
not be considered in the computation of natural f{Low.

The combined evaporation loss caused by these two reservoirs
and Wabamun Lake is less than 25 cfs, This loss is only a fraction of
one percent of the main stem river flow,

G. METEOROLOGIC NETWORK

No metecrologic stations are required for computation of

natural flow on the North Saskatchewan River at the Alberta~Saskatchewan
boundary.
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H. EFFECTS OF LAND USE CHANGES

1t is necommended Zhat effects on runoff of changing Land use
pattenns not be considered iv the computation of natural §Low.

Little is known about the effects of land clearing for agriculture,
drainage, forestry, industrial and urban development and other land use
changes on natural runoff. Assessment of these changes would itself re-
quire detailed study. Until conclusive evidence is available which clearly
shows that the land use changes cited above contribute significantly to
increased or decreased flow volumes at interprovincial boundaries, it is -
recommended that the effect of these changes be ignored in natural flow
calculations,

!. GROUNDWATER

It 44 necommended that changes in naturnal flow due Zo ground-
water inglow or recharge not be consdidered Ain the computations,

Groundwater storage and sub-surface flow are influenced by
forestry and agriculture, and locally by reservoir construction. Very
little is known about the changes in the surface runoff and sub-surface
flow regimes resulting from changes in land use and reservoir construction,
Determining the extent of such modifications and the ultimate result on
natural flow would be a major study in itself, It is generally feft that
the quantities involved are small with respect to the natural flows being
considered and the identifiable sources of error. '

J. ROUTING

It 44 necommended that caleulated depletfions due to reservodln
storage be nouted o the point of apportionment and applied to neconded
plow An orden to determine natural glow.

Project depletions are calculated using on-site data. The correction to
monthly quantities due to time of travel from the point of depletion to

the point of opportionment can be considerable, In the North Saskatchewan
River Basin in Alberta only two projects need be considered in the com-
putation of natural flow; Lake Abraham and Brazeau Reservoir. The
monthly routing adjustments for these projects may average four percent

of the natural! flow of the North Saskatchewan River at the Alberta-
Saskatchewan boundary,
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SASKATCHEWAN RIVER BASIN

A, POINT OF APPORTIONMENT

It is necommended that the point of appontionment on the
Sazskﬁgftchewar} River at the Manitoba-Saskatchewan boundary be the gauging
station designated as the Saskatchewan River near Manitoba Boundany.

The site on the Saskaichewan River "near the Manitoba boundary"
is only two river miles upstream from the actual boundary. This site is
hydrologically acceptable, is close to the boundary so that no significant
inflow enters the river between the site and the boundary, and certainly
fulfills the stipulation in Schedules A and B of the Apportionment Agreement
that "natural flow shall be determined at @ point as near as reasonably
may be" to the boundary crossing.
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B, METHOD

1t s hecommended that the Profect Depletion Method be used
1o caleulate flows requined fon appontionment on the Saskatchewan Riven
at the Sashatchewan-Manitoba boundary.

Each of the four fundamental methods was considered for use in
determination of the Saskatchewan River flows specified for apportionment
at the Saskatchewan~Manitoba boundary, The Consumptive Use Methed
calculates the difference between observed and natural-state runoff through
analysis of data relating to evapotranspiration rates due to the various crop
types, soil types and conditions, and meteorological factors. Use of this
method implies an unweildy data collection program; moreover, the effects
of storage and conveyance of water cannot be treated directly when using
this method. The Consumptive Use Method was, therefore, rejected.

In the Stream Depletion Method gross inflow and natura!l runoff are compared
with recorded outflow from the region in order to assess depletion of the
natural runoff component within the region. Estimates of natural-state
runoff from the entire area are, therefore, essential to this procedure. The
lack of past notural runoff record and corresponding meteorological data,
from which relationships for use in simulation of current natural runoff are
based, reduces the reliability of the Stream Depletion Method to an un-
“acceptable degree. The Rimflow Method relates the natural outflow from

a region to the natural inflow by use of statistical relationships. In the
case of the Saskatchewan River basin, past record is not of the quality

or completeness to justify the derivation of such relationships. The Project
Depletion Method was recommended for use because it considers each
depletion to flow individually and, in the main, such data is readily
available from the existing hydrometric network,

C. ACCURACY OF FLOW DETERMINATION

1t is recommended that the ewwon Limits fon monthly hydrometric
necord at the point of apportionment be four percent under open waten
and fen percent undern {ce conditions.

The accuracy of the hydrometric record at the point of ap-
portionment is normally the most critical factor in determining the
accuracy of computotions of flows required for apportionment. For
that reason hydrometric gauging stations at points of apportionment
should be operated as first class stations under standards used by the
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Water Survey of Canada. Instrumentation, measurement frequency, measure-
ment technique, and computational procedures should be such that the error
limit for monthly hydrometric record is four percent during open water and
ten percent under ice conditions, Particular attention should be given to
the variability of the stage-discharge relationship during low flow periods
and adjustments made to the monitoring program as necessary.

The accuracy of the hydrometric record at other monitoring
points should be commensurate with the use of the information and the
relative impact on accuracy of computation of the apportioned flow,
Normal Water Survey of Canada standards would apply in most cases,

D. FREQUENCY OF REPORTING

It is necommended that computations of fLows required §or
apportionment be neported annually based on monthly means.

The total level of development in the basin is low and present
uses are such that Manitoba receives its apportioned share annually, An
annual reporting period is recommended, primarily for informational pur-
poses, but also to monitor changing use patferns in Saskatchewan,

There is potential for increased use provided by Lake Diefenbaker.
If works are built to increase irrigation or divert water out of the basin,

it may be necessary to reassess the reporting period with a view to more
frequent reporting.

E. HYDROMETRIC NETWORK

) It is necommended that data obtained at the following hydrometric
gauging stations be used to compufe §Lows for apportionment purposes on
the Saskatchewan Riven at the Saskatchewan-Manitoba boundary.

All recommended stations are existing stations and no new
stations are required. The stations are listed according to function.,

Computation Point:

Saskatchewan River near the Manitobo Boundary . - 05KH008
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Routing Points:

North Saskatchewan River at Prince Albert - 05G G001
South Saskatchewan River at Saskatoon - 05HGO001
South Soskatchewon River ot St, Louis - 05HH00!
Diversions:
Broderick. Irrigation Project Main Canal below Pumping Station - 05HF007
Elbow Diversion Conal at Drop Structure - 051G 004
Soskatchewan River (Dragline Channel) near Squaw Rapids - 05KHOT1
Swift Current Canal at Swift Current - 05HDO34
Loke and Reservoir Levels: ,
tcke Diefenboker at Gardiner Dem - O5HF003
Tobin Lake of Squaw Rapids Spillway ' - 05KD0G4
Reid Lake near Duncairn . - 05HDO33

There arc no return flow stotions recommended at the present
time. Of the three major diversions, only the Saskatoon South East
Project returns a measurable flow of diverted water. The quantities
presently involved are, however, considered to be insignificant com-
pored to the calculated apportionment flows, If irrigation diversions
ircrease in the future, it may be necessary to consider return flow as a
part of the irrigation use factor, The proposed Ducks Unlimited project
in the Cumberland Loke Delta area may produce some direct return flow
to the Saskatchewan River in Saskatchewan if additional drains are built,
The quantity of this return flow will have to be assessed in relation to
natural flows to determine whether or not it is significant.

F. EVAPORATION

It {8 necommended that evaporation Losses ghom Lake Diefenbaken,
Tobin Lake and Reid Lake be incfuded as depletions of natural glow and
that these Losses be computed using Meyen's goremula.

Evaporation losses from these reservoirs are significant, For
example, the Saskatchewan-Nelson Basin Board estimated the evaporation
loss from Lake Diefenbaker to be three percent of the natural flow on
the Saskatchewan River at The Pas for September, 1967, For the same
month, evaporation from Tobin lLake was very high and was estimated as
two percent of the natural flow. Given drier hydrologic and meteorologic
conditions these percentages could be as high as six percent and three
percent respectively for the months between June and September. No
information is available for evaporation values for Reid Lake.
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The depletions due to evaporation losses from Loke Diefenbaker,
Reid, and Tobin Lakes should be calculated using the Meyer equation. The
physical configuration, size and shape of Lake Diefenbaker are such that
meteorologic conditions differ between the upper and lower reaches. There-
fore, Lake Diefenbaker should be treated in two sections using the Meyer
coefficient (C) of nine for each section. The division between the two
sections is the Riverhurst Ferry crossing. The evaporation for Reid lLake
should be calculated using the unit evaporation for Lake Diefenbaker mul-

tiplied by o factor of 1,10, A Meyer coefficient of ten should be used
for Tobin Lake.

G. METEOROLOGIC NETWORK

1t is necommended that the following six meteorofoglie slations

be netained fo provide data fon evaporation computations using the
Meyen formula.

All recommended stations presently exist and no new sfations
are required, Etbow
Loke Diefenbaker (lower}
Loke Diefenbaker (upper)
Nipawin
Swift Current
Tobin Loke

"H. EFFECTS OF LAND USE CHANGES

1t is necommended that effects on nunoff o4 changing Land use

patterns not be considened in the computation of $Low nequired for
apportionment.

Little is known about the effects of land clearing for agriculture,
drainage, forestry, industriol and urban development, and other land use
changes on natural runoff. Assessment of these clanges would itself re-
quire detailed study. Until conclusive evidence is available which clearly
shows that the land use changes cited above contribute significantly to
increased or decreased flow volumes at interprovincial boundaries, it is

recommended that the effect of these changes be ignored in natural flow
caleulations,

I. GROUNDWATER

1t 44 necommended that changes 4in natunal §fLow due to ground-
water inflow or recharnge not be considered {n the computations.
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Groundwater storage and sub-surface flow are influenced by
forestry and agriculture, and locally by reservoir construction. Very little
is known about the changes in the surface runoff and sub-surface flow
regimes resulting from changes in land use and reservoir construction,
Determining the extent of such modifications and the ultimate result on
natural flow would be a mojor study in itself. It is generally felt that
the quantities involved are small with respect to the natural flows being
considered and the identifiable sources of error.

J. ROUTING

1t 48 necommended that caleulated depletions due to diversion,
and nesenvoin storage and evaporation be routed to the point of apporti-
onment and applied to the recorded flow in orndern to produce fLow values
hequined gorn apportionment.

Project depletions are calculated using on-site data. The
correction to monthly quantities due to time of travel from the point of
depletion to the point of apportionment can be considerable. In the
Saskatchewan River Basin in Saskatchewan it has been estimated that
the monthly routing adjustments for the projects considered average four
percent of the flows required for apportionment on the Saskatchewan
River at the Saskatchewan-Manitoba boundary.
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QU’APPELLE RIVER BASIN

A, POINT OF APPORTIONMENT

1t is necommended that the point of appertionment of the
Qu'Appelle River at the Saskatchewan-Manitoba boundary be Zhe gauging
station Qu'Appelle River nean Welby.

The Welby monitoring site is approximately four river miles upstream
of the boundary and no appreciable local inflow enters the Qu'Appelle River
between the gauging station and the boundary. The site has proven to be
hydrometrically stable at medium and high flows and it is expected to display
reasonably stable -characteristics at low flows.

B. METHOD

14 is nreccamended that the Project Depletion Method, supplemented
by the routing capabilities of the SSARR Model, be used fuv caleulate
natural fLows on the Qu'Appelle River at the Saskatchewan-Manitoba
boundary.

The -Qu'Appelle River Basin is relatively large, whereas the quantities
of streamflow are small when compared to basins of similar extent located in
more humid areas. Municipal, agricultural and industrial development has
placed a very heavy demand on available water supplies. Runoff patterns have
been modified by land use, and construction of reservoirs as well as control
and diversion structures along stream channels and at the outlets of lakes. The
very high order and complexity of water resource development precludes
selection of a natural flow computational procedure other than the Project
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Depletion Method or variations thereof. Each project causing storage, consumpt-
ion or diversion must be identified and its effect on the overall natural flow
accurately calculated, To attain the degree of precision required, daily routing
using the SSARR Model has been incorporated into the computational procedure
so that the sequential time effects of each water use project will be reflected

in the natural flow calculated at the Saskatchewan-Manitoba boundary,

It is necommended that depletion due to diversions infe Eyebrow

Lake be approximated by the application of §ixed quantities duning the
summen months.

Eyebrow Loke water fevels are maintained during the summer months
for waterfow! production by diversions from the Qu'Appelle River. Annual
consumption, primarily through evaporation has been estimated as 1250 acre-feet,

The fixed quantities which are recommended for use during the summer months
are as follows:

May 50 acre-feet
June 250
July 500
Avgust 350

September 100

The monthly adjustments should be applied evenly on a daily basis.

It 4s necommended that deplefion of nunoff due Zo storage in
small neservoins be estimated using gourn index reservains.

Small project uses in the other basins ccnsidered have been ignored
since they are small in relation to the natural flow. In the Qu'Appelle River
Basin the depletion due to small project use has been estimated as 10,500 acre-
feet annually. This emount is five percent of the average annual natural flow
of the Qu'Appelle River at Welby and may be as high as 33 percent in a dry
year, It is therefore necessary to account for these small project uses.

The Qu'Appelle River Basin has been subdivided into 15 tributary
basins. Four of these basins, Moose Jaw River, Wascana Creek, Lost Mountain
Lake and ‘Kaposvar Creek, have an appreciable number of small projects. Gauges
should be installed on o representative reservoir in each of these tributary basins
and monthly small project uses for the Qu'Appelle River Basin derived using these
index reservoirs, The monthly uses determined should then be applied evenly
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on a daily basis. The selection of the index reservoirs will be done in the
near future by the Committee on Hydrology based on a reviev: of the Water
Rights files and determination of a "representative" reservoir in each sub-basin,

C. ACCURACY OF FLOW DETERMINATION

1t is necommended that the ennoh Limits fon monthly hydrometiic
recond at the point of apportionment be four percent under open water
and ten percent unden ice conditions.

The accuracy of the hydrometric record at the point of apportionment
is normclly the most critical factor in determining the accuracy of natura!l flow
computations, For that reason hydrometric gauging stations at points of
apportionment should be operated as first class stations under standards used by
the Water Survey of Canada. Instrumentation, measurement frequency,
measurement technique, and computational procedures should be such that the
error limit for monthly hydrometric record is four percent during open water and
ten percent under ice conditions. Particular attention should be given to the
variability of the stage-discharge relationship during low flow periods and
adjustments made to the monitoring program as ﬁecessary.

The accuracy of the hydrometric record at other monitoring points
should be commensurate with the use of the information and the relative impact

on accuracy of computation of the apportioned flow. MNormal Water Survey of
Canada stondards would apply in most cases.

D. FREQUENCY OF REPORTING

1t 45 necommended that natural 6£ow computaiions be neported
quarterly, based on monthly means,

Historic natural flow computations over the period March 1, 1956 to
December 31, 1974 indicate that the annual recorded flow on the Qu'Appelle
River neor Welby has been less than 50 percent of the annual natural flow on
four occasions. Throughout the period the amount delivered on a monthly basis
has been less than 50 percent of the natural flow on numerous occasions., Even
since the construction of Gardiner Dam in 1966 monthly deliveries at times have
been l[ess than 50 percent of the natural flow, particularly during the summer
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months; although, on an annual basis, Maniteba has received its apportioned
share, With the exception of 1968, ti.e annual natural flows experienced
during the period since completion of Gardiner Dam (1967-1974), have been
above the median annual natural flow of 120,000 acre-feet.

From the historic data, it appears evident that flow regulatian and
capacity for consumptive use within Saskatchewan is such that quantities in
excess of 50 percent af the natural flow may be stored ar used by Saskatchewan
on both a monthly and an annual basis, It is felt that, in order to aid
Saskatchewan in praviding Manitoba with the flow specified under the
Apportionment Agreement, quarterly reporting on natural flows is necessary.
Monthly reporting, particularly during the summer months, may be required if

experience shows that quarterly reporting is not sufficiently frequent to ensure
equitable apportionment.

E. HYDROMETRIC NETWORK

1t is necommended that the following hydrometric gauging staticns
be used to compute natuwral §Lows gor apportionment purposes on the
Qu'Appelle Riven at the Saskatchewan-Manitoba boundary.

Of the 21 stations listed below, 17 are existing stations, The four

new stations are water level gauges on the four index reservoirs required to
determine small project useage.

Computation point:

Qu'Appelle River near Welby - 053M001

Routing points:

Moose Jaw River near Burdick - 05JE0DS
Qu'Appelle River ubove Buffelo Pound lake - 05JG004
Qu'Appelle River below Moose Jaw River - 05JG007
Qu'Appelle River mear Lumsden - 05JF001
Qu'Appelle River ot Qutlet Kafepwa Lake - 051L001
Qu'Appelle River ot Hyde - 05JM001

Qu'Appelle River below Croven Dam - 05JK002
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Diversions:

Elbow Diversion Conal at Drop Siructure - 05JG00s
Buffalo Pound Luke Pumping Plant

Lake and Reservoir levels:

Avonlea Reservoir near ‘Avonlea - 05JECO7
Buffalo Pound Lake ot Pumping Stotion - 05JG00?
Crocked Loke near Groyson - 05JM006
Echo Lake at Fish Hafchery - 05JK005
Katepwo loke ot Outlet Weir - 05J1004
Last Mountain Loke of Rowon's Ravine - 05JH004

Round Loke near Whitewood

Kaposvar Creek Basin Index Reservoir
Last Mountain Loke Basin Index Reservoir
Moose Jaw River Basin Index Reservoir
Woascana Creek Basin Index Reservoir

- 05JM007

F. EVAPORATION

It s hecommended that incremental evapohration Losses as a
nesult of contrnols on the Qu'Appelle Basin Lakes be {ncluded as
depletions o4 natunal gLow and that these Losses be caleulated using
undit evaporation data fon Lake Diefenbaken.

For Last Mountain Lake and the six lower Qu'Appelle Lakes net
evaporation from the natural surface area is compufed as a net inflow residual,
This residual includes net evaporation, ungauged surface inflow and groundwater
inflow, The residual, for any reach, is determined by routing the recorded
filow at the head of the reach to a downstream station and substracting the
routed quantity from the recorded flow at the downstream station, The residual
calculated in this manner will represent the true natural ungauged inflow if the
incremental evaporation due to regulation is removed as the upstream flows are
routed, This natural residual is then applied to the routed natural flows at the
downstream station to determine true natural flows, In order to apply this
procedure the net evaporation from the incremental lake area is required, This
is computed by applying the Lake Diefenbaker monthly evoporation rates multiplied
by the following factors to the incremental lake areas.
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Jonuary - 0.0 July - 1.1
Febrvary - 0.0 August - 1.1
March - 0.0 September - 1.1
April - 0.0 Qctober - 1.0
May - 0.8 November =~ 0.6
June - 1.1 December -~ 0.0

For Buffalo Pound Lake the ungauged local inflow can be determined
based on the flows of the Qu'Appelle River above the lake and the dry drainage
area of the lake, Groundwater inflow is known to be negligible, Since these
components of natural flow are known and can be computed, the computation of
o net inflow residual is not needed. Evaporation is computed directly from the
computed natura!l lake surface orea and applied as natural flows are routed
through the reach., The same factors as are shown cbove are applied to Lake

Diefenbaker evaporation rates to determine evaporation from the natural surface
area of the lake.,

Loke Diefenbaker evaporation losses are computed in order to determine
Saskatchewan River natural flow. Consequently, no separate computation

procedures are required other than adjusiment of the values to compensate for one
coefficient in the Meyer equation.

G. METEOROLOGIC NETWORK

There ane no meteonologic stations nequired specifically fon
natuwial §Low computation in the Qu'Appellfe Basin.

The meteoralogic facilities required for Lake Diefenbaker evaporation

computation have already been recommended in connection with the Saskatchewan
River Basin,

H. EFFECTS OF LAND USE CHANGES

1t is necommended that effects on nunoff of changing Land use
patterns not be considered in the computation of natural glow.
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Little is known about the effects of land clearing for agriculture,
drainage, forestry, industrial and urbari development, and other land use changes
on natural runoff, In the Qu'Appelle River Basin in particular the reciamation
of lands which, in their natural state, do not normally contribute significant
runoff, has been pursued with increased vigor in recent years. Studies by
Provincial and Federal agencies have been inconclusive in determining whether
or not drainage works contribute significantly to flow volumes., Until conclusive
evidence is available which clearly shows that drainage works and other land
use changes contribute significantly to increased or decreased flow volumes at

interprovincial boundaries, it is recommended that the effect of these changes
be ignored in natural flow calculations.

. GROUNDWATER

1t is hecommended that changes in natural ﬁﬂow’dqe o 'gnound-
water inflow oh necharge be considered to the extent utilized 4in the
natunal §Low routing model developed by the natwral flow study group.

~In the Qu'Appelle River Basin some knowledge of the amount and
significance of groundwater inflow has had an effect on the handling of natural
flow computations, Although the groundwater inflow may be natural; it
must be considered in order to properly account for lake contents, particularly
the contents of Last Mountain Lake. The model used treats groundwater inflow,
net evaporation, and local inflow as a lumped quantity, determined by o water

balance based on recorded information, and applied to simulated natural
conditions,

J. ROUTING

1t is necommended that, for the computation of 'na/t'unaf_‘ﬁﬂow’ﬁon
the Qu'Appelle Rivern Basin, the nouting procedune as desciibed in this
report be adopted.

In the Qu'Appelle River Basin the hydrologic characteristics and
effects of man-made projects are such that sophisticated routing procedures are
recommended for the computation of natural flow at the point of apportionment,
This is due to the complex inflow outflow relafionships for Last Mountain Lake
and Buffalo Pound Lake and the many other artificially controlled lakes in the
basin, The requirement for routing is implicit in the recommended method.
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CHURCHILL RIVER BASIN

A, POINT OF APPORTIONMENT

1t 45 necommended that the point of apportionment of the
Chunchiff River be the Chunchiff River at the Saskatchewan-Manitoba
boundany. 1t 44 also necommended that the measurement point fon detfermin-
ation of fLows nequired forn apporntionment on the Chunchilf River be the
gauging station Churchiff River at Sandy Bay.

Although the site at Sandy Bay is approximately 25 river miles
upstream of the boundary, this site is recommended due to the character of
the river immediately upstream and downstream of the boundary. Downstream
of Sandy Bay the Churchill River becomes a series of lakes and braided
channels where stream gauging would be extremely difficult, The actual
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boundary goes through Ohipwatsikew Lake and its is recommended that flows
required for apportionment be synthesizod within this lake, The local inflow
between Sandy Bay and the boundary is significant and must be taken into
account in determining the natural flow at the boundary. This local inflow has
been estimated as one percent of the natural flow at Sandy Bay, and therefore
the natural flows calculated for Sandy Bay should be incremented by this amount
to give a more realistic estimate of the natural flow at the boundary.

B, METHOD

1¢ is necommended that the Project Depletion Method be used Zo
ealeubate §lows requined for appontionment on the Churchill River at the
Saskatchewan-Manitoba boundary.

Artificial storage in Reindeer Lake constitutes the only significant
regulation of Churchill River flows, The geography of the Churchill River basin
is such that water resource development will essentially be confined to storage
and diversion projects. Of the four recognized natural flow computational
procedures, the Project Depletion Method is the most efficient for use in cases
where a limited number of projects are distributed over a wide area. The Stream
Depletion, Rimflow and Consumptive Use methods determine areal differences in

runoff, do not isolate individual project usage, and have greater input data
requirements,

C. ACCURACY OF FLOW DETERMINATION

1t is necommended that the ewnor Limits for monthly hydrometric
recond at-the point of apportionment be four percent under open water
and fen pencent under ice conditions.

The accuracy of the hydrometric record at the point of apportionment
is normally the most critical factor in determining the accuracy of computations
of flows required for apportionment, For that reason hydrometric gauging stations
at points of apportionment should be operated as first class stations under standards
used by the Woter Survey of Canada, Instrumentation, measurement frequency,
measurement technique, and computational procedures should be such that the
error limit for monthly hydrometric record is four percent during open water and
ten percent under ice conditions, Particular attention should be given to the
variability of the stage-discharge relationship during low flow periods and adjust-~
ments made to the monitoring program as necessary.

The accuracy of the hydrometric record at other monitoring points
should be commensurate with the use of the information and the relative impact
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on accuracy of computation of the apportioned flow. Normal Water Survey of
Canada standards would apply in most cases,

D, FREQUENCY OF REPORTING

It is necommended that natural (Low computations be reported
annually, based on monthly means.

The level of development in the basin is low and present uses are such
that Manitoba receives its apportioned share annually, An annual reporting
period is recommended primarily for informational purposes, but also to monitor
changing use patterns in the upstream province.

E. HYDROMETRIC NETWORK

. It {5 necommended that data obtained at the following hydrometric
gauging sfations be used fo compute (Lows for apportionment purpeses on
the Churchill River at the Saskatchewan-Manitoba boundary.

All statians are existing stations and no new stations are required.
The stations are listed by function. '

Computation Points:

Churchill River at Sandy Bay - 06EA002
Reindeer River ot QOutlet of Reindeer Loke -
contributed by Churchill Power Company

Lake Level:

Reindeer Lake af Brochet - 040800

There are no routing, diversion or return flow stations required,

F. EVAPORATION

1€ 15 necommended Zhat the evaporation Loss from Reindeer Lake

be neglected in the computation of natural flow of the Churchiff River
at the Saskatchewan-Manitoba boundary.

A study of precipitation and evaporation in the vicinity of Reindeer
Lake indicates that they both average about 16 inches annually. However,
SNBB estimates show thot net evaporation con be as high as 4.8 inches in some
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months, The incremental lake area due to artificial storage is about six percent
of the total lake area, A 4,8 inch evaporation rate applied to this area results
in o loss of 31,000 acre-feet over the month, or two percent of the estimated
natural flow at the boundary, [t has been suggested that annual evaporation
could have increased by as much as seven inches for the incremental flooded
area over the same area in its natural state. This loss amounts to 45,000 acre-

feet annually compared to an average annual natural flow at the boundary of
about 17 million acre-feet.

G, METEOROLOGIC NETWORK

No meteorologic stations are required for computation of flows required
for apportionment on the Churchill River at the Saskatchewan-Manitoba boundery.

H. EFFECTS OF LAND USE CHANGES

1t is necommended that effects on runogf of changing Land use
patterns not be considered in the computation of natural fLow.

Assessment of the overall change to the quantity and timing of runoff
due to land use changes, particularly fond clearing for agriculture and forestry,
would require detailed study, It is felt these effects are minimal in the
Churchill River Basin because the surficial characteristics of the basin contribute
to a generally low level of land use, Until conclusive evidence is available
which clearly shows that land clearing and forestry contribute significantly to
increcsed or decreased flow volumes at interprovincial boundaries, it is recomm~
ended that the effects of these changes be ignored in notural flow computations,

I. GROUNDWATER

1t 44 necommended that changes in natwal fLow due Zo ghound-
water inflow on nechange not be consdidered in the computations.

Groundwater storage and sub-surface flow are influenced by forestry
and agriculture, and locally by reservoir.construction. Very little is known
about the changes in the surface runoff and sub-surface flow regimes resulting
from changes in land use and reservoir construction. Determining the extent of
such modifications and the ultimate result on notural flow would be a major study
in itself. 1t is generally felt that the quantities involved are small with respect
to the notural flows being considered and the identifiable sources of error,
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J. ROUTING

1t s necommended that, at the present Time, caleulated
depletions not be nouted to the point of apporticnment.

The Whitesand Dam, which regulates the level of Reindeer Lake,
is the only structure which merits consideration in the calculation of apportion-
ment flows on the Churchill River at the Saskatchewan-Manitoba boundary at
this time. Travel time from Reindeer Lake to the Saskatchewan-Manitoba
boundary is in the order of two or three days, The natural outflow is relatively
steady so that monthly values calculoted at the outlet of the lake would not
differ significantly from those routed to the Saskatchewan-Manitoba boundary.
For these reasons it is considered to be unnecessary to route Reindeer Lake
natural cutflow to the boundary.
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S APPENDIX

PRAIRIE PROVINCES WATER BOARD

Terms of Reference for studies to develop procedures for the de-
termination of natural flows for apportionment purposes, and for the develop-
ment of procedures to meet streamflow forecasting requirements on inter-
provincia! streams were requested by the Prairie Provinces Water Board at
a meeting on May 27, 1970. The Data Network Planning Committee was
instructed to prepare the Terms of Reference and was given some direction
as to the content of the Terms of Reference, The Data Network Planning
Committee discussed the Board's assignment at its ninth meeting, September
3 &4, 1970, Contents of the Terms of Reference were discussed and draft
Terms of Reference developed.

The draft Terms of Reference were presented to the Board at its
third meeting, October 20, 1970, The Terms of Reference were never formally

. adopted, however the Board gave its approval for the studies.

The draft Terms of Reference were used as guidelines throughout
the study by the study group and the Data Network Planning Committee and
later by the Committee on Hydrology. The draft Terms of Reference follow.

_ For reference purposes the Master Agreement on Apporfionment
is also included in the appendix,






DRAFT
PRAIRIE PROVINCES WATER BOARD
TERMS OF REFERENCE
STUDIES
FOR THE DEVELOPMENT
- OF

PROCEDURES

A, FOR THE DETERMINATION OF NATURAL FLOWS FOR
APPORTIONMENT PURPOSES.

B, TO MEET STREAMFLOW FORECASTING REQUIREMENTS
ON INTERPROVINCIAL STREAMS,

The studies shall be performed jointly by the Water Sector of

the Department of Energy, Mines and Resources and the Meteorological
Services of the Ministry of Transport.

Subject to periodic review and approval, and the limitations set
out in section 13, the Prairie Provinces Water Board (hereafter called
the "Board") authorizes the Department of Energy, Mines und Resources
and the Ministry of Transport to carry out their respective duties
relative to the studies with such powers and in such a manner as may
be necessary to effectively perform the functions outlined in these
"Terms of Reference". A final report will be submitted to the PPWB,

To complete the studies a Project Manager will be designated and
necessary support staff provided as required by the Department of Energy,
Mines and Resources and the Ministry of Transport. The appointment of
a Project Manager shall receive the approval of the Board.

Liaison with the Board shall be provided through the Executive
Director of the Secretariat of the Board, Until such time as an
Executive Director is appointed, the Project Manager shall report
through the Data Network Planning Committee of the Board,



Except as noted below, both studies shal! receive equal priority
and shall be carried out concurrently.

(a) In the conduct of the Study "For the Determination of MNatural
Flows for Apportionment Purposes" prior attention shall be given
to the South Saskatchewan River below the confluence with the
Red Deer River near the Alberta-Saskatchewan Boundary,
Methods for refining or improving the interim method of

~ apportionment adopted by the Board shall be reported as
developed during the course of the studies,

(b) In the conduct of the Study "Ta Meet Streamflow Forecasting
Requirement on Interpravincial Streams” prior attentian shall
be given to the South Soskatchewan River Basin,

The Project Manager shall co-ordinate the development of a
system for camputation of natural flows in interprovincial streams for
the purposes af administration of apportionment agreements, or for
other purposes of interprovincial interest,

The Project Manager shall co-ordinate the development of a
system for determination of flow of interprovincial streams at provincial
baundaries and at other locations where such information is desired
for water management or for flaod control purpases.

The develapment of the procedures for the purposes stated shall
include the following: :

(a) A determination of streamfiow forecast and natural flow require-
ments on interprovincial streams in terms of location and
purposes.,

(b) An assessment of existing streamflow forecasting relationships for

various locations and purposes, in terms of adequacy ond accuracy,
and the development of new relationships for those locations for
which forecasts are either inadequate or lacking.

(c) The integration of new and existing streamflow forecasting

relationships into a single system for forecasting the runoff
of interprovincial streams,




10.

.

12,

13.

(d) An assessment of existing methods of computing natural flows in
interprovincial streams in terms of odequacy and accuracy, and
the development of new methods for those locations for which
existing methods are either lacking or inadequate.

(e) The integration of new and existing methods into a single system
for computing natural flows in interprovincial streams,

The existing meteorologic, hydrometric ar other networks will be
identified and assessed with regard to their usefulness, insofar as they
relate to the systems developed for forecasting the runoff or computing
natural flows in interprovincial streams,

As a result of the work outlined above recommendations shall be
made for the improvements that may be required meteoralogic, hydromet-
ric or other data networks to increase the accuracy and efficiency of
the networks for forecasting runoff and natural flow computational

purposes. A system of data collection and transmission from the networks
shall be included, '

In the course of the study the need for a permanent forecasting
centre shall be examined. Considerotion should be given to various
methods of recording, anolyzing and processing of data, date distribution,

administrative and personnel requirements, and cost of setting up and
maintaining o forecast centre.

The Project Manager shall collaborate with federal and provincial
agencies represented on the Board and may utilize the services of the
Board's Member agencies having the expertise and capobility to particip~

ate. Such participation shall be arranged by the Executive Director on
a contractual basis at cost. '

The studies shall be performed over a period not to exceed three
years and af a cost not to exceed $300,000 unless otherwise altered or
extended by the Board. Study costs shall be apportioned in accordance

with Section 10 of the Prairie Provinces Water Board Agreement.
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MASTER AGREEMENT ON APPORTIOMMENT

THIS AGREEMENT is made in quedrupli-
cate this THIRTIETH day of OCTOBER, 1769,
A.D.

BETWEEN:

HER Majesty, the Queen, in right of
Canada, represented herein by the
Minister of Energy, Mines and Re-
sources

{Hereinafier calied "Canada"}
- and -

HER Majesty, the Queen, in right of
Alberta, represented herein by the
Minister in charge of Water Resources
for Alberta

(Hereinafter called "Alberta®)
- and -

HER Maijesty, the Queen, in right of
Saskatchewan, represented herein by
the Minister in charge of The Water
Resources Commission Act of the said
Pravince

(Hereinafter called "Saskatchewan")
- and -

HER Majesty, the Queen, in right of
Manitoba, represented herein by the
Minister in charge of The Water Con-
trol and Conservation Branch Act of
the said Province

(Hereinafter called "Manitoba"}

WHEREAS under natural conditions the
waters of the watercoyrses hereinafter referred
to arising in or flowing through the Province of
Alberta would flow into the Province of Sosk-
atchewan and under the said conditions the
waters of some of the said watercourses arising
in or flowing through the Province of Saskatch-
ewan would flow into the Province of Manitobg;

AND WHEREAS the Governor-in-
Council has ‘autherized Canada to enter into
this cgreement by Order-in-Council P.C. 1969-
8/2051 dated October 29, 1969, and the Lieuy-
tenont Governors-in-Council for Alberta, Man-
itoba and Saskatchewan, respectively, have
authorized them to enter into this ogreement
by the following Orders-in-Council:

Alberia - O,C. 2053/¢9
Manitoba - O.C. 1359/69
Saskatchewan - O,C, 1612/6%

AND WHEREAS the parties hereto
deem it to be in their mutual interest that an
agreement be reached among the four parties
as to the apportionment as described in the
schedules attached hereto of such interprovincial
woters omong the three Provinces;

AND WHEREAS Alberta and Saskat-
chewan have entered into an agreement, which
agreement is attached to this agreement as
Schedule A, that permits the Province of Alberta
to make a net depletion of one-half the natural
flow of water arising in or flowing through the
Province of Alberta and that permits the remain-
ing one-half of the natural flow of each such
watercourse to flow into the Province of Sask—
atchewan, subject to certain prior rights as are
set forth in the said agreement;

AND WHEREAS Saskotchewan and
Manitoba have entered into an agreement, which
agreement s attached to this agreement as
Schedule B, that permits the Province of Sask-
atchewan ta make a net depletion of one-half
the naturol flow of water arising in, ond one-
half of the water flowing into the Province of
Saskatchewan, and that permits the remaining
ane-half of the flow of eoch such watercourse
to flow into the Province of Manitoba, subject
to such conditions and agreements as therein
contained;

AND WHEREAS the parties are de-
sirous that the Prairie Provinces Water Board
(referred to herein as the Board), reconstituted

by this agreement will be responsible for the
administration of this agreement;



AND WHEREAS the parties hereto

recognize the continuing need for consultation
and co-operation as between themselves with
respect to the matters herein referred to so that
the interests of all the parties are best served;

NOW THEREFORE, THISAGREEMENT

{hereinofter known as the Master Agreement)
witnesseth thot each party agrees os follows:

Interprovincial Agreemenis

1.

Alberte ond Saskatchewan agree that the
ogreement between them (hereinafter called
the First Agreement), a copy of which is
set out in Schedule A to the Moster Agree~
ment, will become binding upon them upan
the dote that the Master Agreement is ex-
ecuted.

Saskatchewon and Manitoba agree that the
agreement between them (hereinafter called
the Secand Agreement), a copy of which
is set aut in Schedule B to the Master
Agreement, will become binding upon them
upon the date thot the Master Agreement is
executed.

The parties agree to the appertionment of
woter between Alberto and Soskotchewan
and Manitoba os provided in the First and
Second Agreements and each party agrees
to be bound by the said agreements as they
relote to opportionment as if it were o
party thereto,

The parties agree thot the First or Second
Agreement, or both, may be aitered by an
agreement in writing among the four parties
to the Master Agreement, but not otherwise.

The parties agree that the First and Second
Agreements will continve in force and ef-
fect untif cancelled by an agreement in
writing among the four parties to the Master
Agreement.

Woter Qual i.tz

4.

The parties mutually agree to consider water
quality problems; to refer such problems to

the Board; ond to consider recommendations
of the Board thereon.

7.

8.

11.

Monitering

The parties agree that the monitoring of the
quantity ond quolity of waters as specified
in the First and Second Agreements, the
collection, compilation and publication of
water quantity and guality data required
for the implementation and maintenance of
the provisions of this ogreement shall be
conducted by Canada, subject to previsicn
af funds being voted by the Parliament of
Conoda.

Administration

The parties agree, subject to Clause 9 of
this ogreement that if af ony time, ony
dispute, difference or question orises be-
tween the parties with respect to this agree-
ment ar the constructian, meaning and effect
therecf, or anything therein, or the rights
and figbilities of the parties thereunder or
otherwise in respect thereta, then every
such dispute, difference or question will be
referred for determinotion ta the Exchequer
Court under the provisions of the Exchequer
Court Act of Caruda ond each of the par-
ties hereto agrees to maintain or enact the
necessory legislation to provide the Ex-
chequer Court with jurisdiction to determine
any such dispute, difference, or question in
the manner provided under the Exchequer
Court Act.

The parties also ogree that the Board, with
the consent of the parties in dispute, may
couse to be prepared, a foctuel report of
the dispute for consideration by the parties
hereto prior to the referrol of the dispute
to the Exchequer Court.

The parties agree thot the Prairie Provinces
Water Board shell meniter and report on the
opportionment of waters os set out in the
provisions of the First and Second Agree-
ments and rotified by this Moster Agree-
ment,

The parties agree ko revoke the ogreement dafed
July 28, 1948, establishing the Prairie Pro-
vinces Water Board and to reconstitute the



Prairie Provinces Water Board in the form
of Schedule C hereto and the said Sche—
dule shall form and become part of this
Master Agreement,

12, Because the Crders-im-Council referred to
in Schedule D hereto will become redun~
dant upon the execution of this Master
Agreement, the parties agree fo take steps
to have them revoked.

13. The parties agree for the future application
of the provisions of the Master Agreement
{and the First ond Second Agreements
thereunder), to work together and to co-
operate to the fullest extent each with the
other for the integrated development and
use of water and related resources to sup-
port economic growth according to selected
sacial goals and prierities and to partici-
pote in the formulotion and implementation
of comprehensive planning and development
programs according to their national, re=-
gional and provincial interest and impor-
tance, '

14, No Member of the Parliament of Canada
or Member of the Legislotive Assemblies of
. the Provinces party to this ogreement shall
hold, enjoy, or be admitted fo any share
or part of any contract, agreement, com-
mission or benefit arising out of this agree-
“ment,

IN WITNESS HEREOF Canade has
caused its presents to be executed by its Min-
ister of Energy, Mines and Resources, and Al-
berta has caused its presents to be executed
by its Minister in charge of Water Resources,
ond Saskatchewan hos caused its presents ta be
executed by its Minister in charge of The
Water Resources Commission Act, and Manitoba
has coused its presents fo be executed by its
Minister in charge of The Water Control and
Conservation Branch Act on the doy and year
first mentioned above.

"A. Davidson"

Wilness to the signature of the Minister
(Energy, Mines and Resources) far Canada

"1.J. Greene"

Minister (Energy, Mines and Resources) for
Canada

Qctober 30, 1969
Date

"R. E. Bailey"

Witness to the signature of the Minister in
charge of Woter Resources for Alberto

"Henry A. Ruste'

Minister in charge of Water Resources for
Alberta

October 30, 1969
Date

"Horold W. Pape"

Witness to the signoture of the Minister in
charge of The Water Resources Commission
Act for Saskatchewan

"Allan R. Guy"

Minister in charge of The Water Resources
Commission Act for Saskatchewan

Qctober 30, 1949
Dote

"Thomas E. Weber"

Witness fo the signoture of the Minister in
charge of The Woter Control and Conservo-
tion Branch Act for Manitoba

"Lenord 5. Evons"

Minister in charge of The Water Cantral
and Conservation Bronch Act for Monitoba

Qctober 30, 1969
Date




SCHEDULE A

THIS AGREEMENT is made in quadruplicate
this THIRTIETH doy of OCTOBER, 1969, A.D.

BETWEEN:

" HER Maiesty; the Queen, in right of
Alberta, represented herein by the
Minister in charge of Water Resources
far Alberta

(Hereinafter called "Alberta")
- ond -~

HER Mojesty, the Queen, in right of
Saskotchewan, represented herein by
the Minister in charge of The Water
Resources Commission Act of the said
Province

(Hereinafter called "Saskatchewan')

WHEREAS under natural canditions the waters
of the watercourses hereinafter referred to aris—
ing in or flowing through the Pravince of
Alberta would flow into the Province aof Sask-
atchewan ond under the said conditions the
waters of same of the said watercourses arising
in or flowing through the Province of Soskat-
chewan would flow into the Province of Man-
itoba;

AND WHEREAS the porties hereto deem it
to be in their mutua!l interest ond in the in-
terest of Manitoba that on ogreement in prin=-
ciple be reached ameng the soid three Prov-
inces as to the apportionment of such interprov-
inciol waters among them;

AND WHEREAS the parties herets are of the
opinion that an equitable apportionment of such
waters os between the adjoining Provinces of Al-
berte and Saskatchewan would be to permit the
Province of Alberta to moke a net depletion of
one-half the natural flow of water orising in or
flowing through the Province of Alberta ond to
permit the remaining one-half of the natural flow
of woter of each such watercourse to flow into
the Province of Soskatchewan, subject to certain

prior rights as are hereinafter set forth ar may
hereafter be mutually agreed upon in writing;

AND WHEREAS on the beasis of the fore-
going apportionment as between the Pravinces

of Alberta and Saskatchewan the parties hereto

are of the opinion that in a similor manner,
an equitable ‘apportienment of the remainder of -
the natural flow of the said watercourses that
flow intc the Province of Manitoba after per-
mitting the Pravince of Alberta to make its de-
pletion af one-half thereof would be to permit
the Province of Saskatchewan to make o net
depletion of one-half of the said remainder ond
to permit the ather ane-holf thereof to flow
into the Province of Manitoba; and thot the
natural " flow of any tributaries to the said
watercourses  which tributories join the said
watercourses in the Province of Saskatchewan
without arising in or first flowing through the
Province of Alberta could be apportioned one~
half to the Province of Saskatchewan and one-
half ta the Province of Manitoba in a manner
similar to the apportionment of waters as be-
tween the Provinces of Alberta and Saskat-
chewan, in oll cases subject o such prior rights
as may be mutually acknowledged by the soid
Provinces of Manitoba and Soskatchewan;

AND WHEREAS the parties hereto recognize
the continuing need for consultation and co-
operotion os between themselves and with Man-
itoba with respect to the matters herein referred
to so that the best and most beneficial use of
the scid waters moy be mode and the interests
of all said provinces best served:

NOW THIS AGREEMENT witnesseth as
follows:

1. N THIS AGREEMENT:

{@) "Natural flow" means the quantity of
water which would naturally flow in
ony watercourse had the flow not been
offected by humen interference or
human intervention, excluding any
water which is part of the natural flow
in Alberta but is not available for the
use of Alberta because of the provisions
of any international treaty which is bind~-
ing on Alberta.



{b) "Watercourse™ meons any river, stream,
creek, or other natural channel which
from time to time carries a flowing
bedy of water from the Province of
Alberta to the Province of Saskatchewan
and includes al! tributaries of each such
river, stream, creek or natural channei
which do not themselves cross the
common boundary between the Provinces
of Alberta and Saskatchewan. Such
iributaries as do themselves cross the
soid common boundary between ‘the
Provinces of Alberta and Soskatchewan
sholl be deemed to be "watercourses"
for the purpose of this agreement.

(o) The parties hereto shall mutually estab-
lish a method by which to determine
the notural flow of each wotercourse
flowing across their soid common bound-
ary.

(b) For the purpose of this ogreement, the
said natural flow shall be defermined
at a point os near as reasonably may
be to their soid common boundary.

{¢) Motwithstanding sub-paragraph {b) the
point at which the natural flow of the
watercourses known as the South Sask-
otchewan and Red Deer Rivers is fo be
determined may be, at the option of
A|berfu, a point at or as near as re~
asoncbly may be below the confluence
of the said two rivers.

Alberta sholl permit @ quantity of water
equal ta one-half the natural flow of each
watercourse to flow into the Province of
Saskotchewan, and the actual flow shall
be adjusted from time to time on an equit-
able basis during eoch calendar year, but
this shall not restrict or prohibit Alberta
from diverting or consuming any quantity of
water from any watercourse provided thot
Alberta diverts water to which it is eatit-
led of comparable quality from other streams
ot rivers into such watercourse to meet its
commitments to Saskatchewan with respect
to each watercourse.

Notwithstanding paragraph 3 hereof, the
following special provisions shall apply as
between the parties hereto. with respect to
the watercourse known as the South Sask-
atchewan River.

(a) Alberta shatl be entitled in each yeor
. to consume, or to divert or store for
its consumptive use @ minimum of
2,100,000 acre-feet net depletion out
of the flow of the watercourse known
os the South Soskatchewan River even
though its shore for the said year, as
caleculated under paragreph 3 hereof,
would be less than 2,100,000 acre-feet
net depletion, provided hawever Alberta
shall not be entitled to so consume ar
divert, or store for its consumptive use,
more thon one-half the natural flow of
the said South Soskatchewan water-
course if the effect thereof at any time
would be to reduce the actual flow of
the said watercourse at the common
boundary of the said Pravinces of Sask-
aotchewon and Alberta to less than
1,500 cubic feet per second.

(b) The consumption ar diversion by Alberta
provided for under the preceding sub-
paragraph shall be made equitably dur-
ing each year, depending on the actual
flow of water in the said watercourse
and the requirements of each Province,
from time to time.

The partles hereto shall work together and
co-operate to the fullest extent, each with
the other, for the most effective, econom-
ical and beneficial use of waters flowing
from the Province of Alberta into the Prov-
ince of Saskatchewon, including the con-
struction and operation of approved projects
of mutuel odvantage to our Provinces on «
cost-share basis proportionate to the benefits
derived therefrom by each Province, (the
approval of which projects shall not be un-
reasoncbly withheld by either of the parties
hereto} ond shall enter into such other arr-
angements, agreements or accords with each
other, and with the Governments of Concdo
and other Provinces to best achieve the
principles herein agreed upon.



This agreement shall not adversely affect any
right to water in Battle or lodge Creeks
which has been given by the Government
of Canada prior to the transfer of the nat-
ural resources to the Provinces and is still
subsisting, or ony right to such water given

by either Province heretafore which has

been Trecognized and approved by both Pro-
vinces.

If at any time any dispute, difference or
question shall arise between the parties or
their representatives touching this agree-
ment or the construction, meaning and effect
thereof, or anything therein, or the rights
or ligbilities, of the parties or their re-
presentatives thereunder or ofherwise in
respect thereto then every such dispute,
difference or gquestion shall be refeired for
determination to the Exchequer Court under
the provisions of The Exchequer Court Act
of Conada, and each of the parties hereto
agrees to enact the necessary legislation to
provide the Exchequer Court with jurisdict-
ion to determine any such dispute, difference
ar question in the manner provided under
Section 30 of The Exchequer Court Act.

This agreement shall become effective upon
the execution of on agreement by Conada,
Alberta, Manitoba and Saskatchewan re-
lative to the apportionment of waters re-
ferred to in this agreement.

IN WITNESS WHEREOF Alberta has coused

these presents to be executed on its behalf by
its Minister in charge of Water Resources, and
Soskotchewan hos coused these presents to be
executed by its Minister in charge of The Water
Resources Commission Act, both on the day
and year first above mentioned.

"R. E. Bailey"

Witness to the signature of the Minister
in charge of Water Resources for Alberta

"Henry A. Ruste"

Minister in charge of ‘Water Resources
for Alberta

!

"Harold W, Pope"

Witness to the signature of the Minister
in charge of The Water Resources Com-
mission Act

"Allan R. Guy"

Minister in charge of The Water Re-
sources Commission Act



SCHEDULE B

THIS AGREEMENT is made in quadruplicate
this THIRTIETH day of OCTOBER, 196%, A.D.

BETWEEN:

HER Majesty, the Qlueen, in right of
Saskatchewan, represented herein by
the Minister in charge of The Water
Resources Commission Act of the said
Province

(Hereinafter called "Saskatchewan™)
- and -

HER Majesty, the Queen, in right of
Manitoba, represented herein by the
Minister in charge of The Water Con
trol and Conservotian Branch Act af
the said Province

{Hereinafter called "Manitoba')

WHEREAS under notural conditions the
waters of the watercourses hereinafter referred
ta arising in or flowing through tha Province of
Saskatchewan would flow into the Province of
Manitoba;

AND WHEREAS the parties hereto
deem it to be in their mufual interest and in
the interest of Alberta that an agresment in

principle be reached among the said three Pro- -

vinces as to the. apportionment of interprovincial
waters among them;

AND WHEREAS the porties hereto are
of the apinion that an equitable opportionment
of such waters as between the adjoining Pro-
vinces of Saskatchewan and Manitoba would be
to permit the Province of Saskatchewan to make
a net depletion of one-half the notural flaw of
water arising in, and one-half the flow of
water flowing into, the Province of Saskatche-
wan, and to permit the remoining one-half of
the flow of water of eoch such watercourse to
flow into the Province of Manitoba, subject to
certain rights as may hereafter be mutually
agreed upon in writing;

AND WHEREAS on the basis of the
foregoing apportionment as between the Pro-
vinces of Saskatchewan and Manitoba, the por-
ties hereto are of the opinion that in a similor
manner, an equitable apportianment of the nat-
vral flow of the said watercaurses arising in or
flowing thraugh the Province af Alberta would
be.te-parmit thé Province af Alberta to make
a net depletion of one-half thereof, subject ta
such prior rights as moy be mutually acknow-
ledged by the said Provinces of Alberta, Sask-
atchewan and Manitobg;

AND WHEREAS the parfies herefa
recognize the confinuing need for consultatian
aond co-operation as between themselves and
with Alberta with respect to the motters herein
referred fo so that the interests aof all said Pro-
vinces are best served;

NOW THIS AGREEMENT witnesseth
as follaws:

1. IN THIS AGREEMENT:

(@) "Natural flow” means the quontity of
water which would nofurally flow in
any watercourse had the flow not been
affected by human interference or
human intervention.

(b} “"Wotercourse" means any river, stream,
creek, or other natural channel which
fram time to time carries a flowing
body of water from the Province of
Saskatchewan tothe Province of Mar-
itoba and includes all tributories of
each such river, stream, creek or
natural channel which do not them=
selves cross the common boundary be-
tween the Provinces of Saskotchewan
and Manitoba, Such tributaries as
do themselves cross the said common
boundary between the Provinces of
Saskatchewon and Manitoba shall be
deemed to be "watercourses" for the
purpose of this agreement,



{0) The parties hereto shall mutually es-
toblish a method by which to deter-
mine the natural flow of eoch woter~
course flowing across their said com—
mor. beundory,

{b) For the purpose of this agreement,
the soid natural flow shatl be-deter-
mined at a point as neor as reosorn-
obly may be to their soid common
beundory.

Saskatchewon shell permit in eoch woter-
course the following quantity of woter to
flow into Manitoba during the period from
April 1 of each year to March 31 of the
year following: A quantity of water equol
to the natural flow for that period deter-
mined ot the point referred to in poragraph
2(b) hereof, less

{a) one-holf the
Saskatchewan in
from Alberto, and

woter flowing into
thot watercourse

{b) ony woter which would form part of
the natural fiow in that watercourse
but does not flow into Saskotchewan
becouse of the implementation of any
provision of any subsisting water ap-
portionment agreement mode between
Alberta and Saskatchewan and ap-
proved by Monitoba, and

(c¢) one-half the natural flow arising in
Saskatchewan.

The actual flow sholl be adjusted from time
to time by mutual agreement on on equit~
oble basis during such period but this sholl
not restrict or prohibit Saskotchewan from
diverting, storing or consuming any quonti-
ty of water from any watercourse provided
that Saskotchewan diverts water to which
it is entitied of comporoble quality from
other streams or rivers into such water-
course to meet its commitments to Manitoba
with respect to each watercourse.

~ Saskatchewan shall be entitled during such

period to consume or to divert or store for
its consumptive use the water it is not re-
quired to permit fo flow into Manitoba in
each wotercourse under paragraph 3 hereof,
but such consumption or diversion shall be

_made equitably depending on the actual
" flow of water in eoch wotercourse and the -
““requirements of each Province from time to

time, but Saskatchewan shoil permit suffi-
cient woter to flow into Manitcba to meet
its commitments during such period under
porograph 3 hereof.

The parties hereto shall work together and
co-operate to the fullest extent, eoch with
the other, for the use of waters flowing
from the Province of Saskotchewan into the
Province of Manitoba, including the con-
struction and operotion of approved projects
of mutuol advontage to the said Pravinces
on a cost~shore basis proportionote to the
benefits derived therefrom by eoch Province
(the approvol of which projects sholl not
be unreasonobly withheld by either of the
parties hereto) and sholl enter inte such
other orrangements, agreements or accords
with each other, and with the Governments
of Canada and other Provinces to best
achieve the principles herein ogreed upon.

If at any time any dispute, difference or
question sholl arise between the parties or
their representatives touching this agree-
ment or the construction, meaning ond
effect thereof, or onything therein, or the
rights or fiobilities of the parties or their
representatives thereunder or otherwise in
respect thereto then every such dispute,
difference or question shall be referred for
determination to the Exchequer Court under
the provisions of The Exchequer Court Act
of Canada, and each of the parties hereto
agrees to maintain or enact the necessary
legislation to provide the Exchequer Court
with jurisdiction to determine any such
dispute, difference or question in the

manner provided under The Exchequer Court
Act.



7. This agreement shall become effective upon
the execution of an agreement by Canada,
Alberta, Manitoba and Saskatchewan rele-
tive ta the apportionment of waters referred
fo in this ogreement.

N WITNESS WHEREOF Saskatchewan
has caused these presents to be executed by its
Minister in charge of The Water Resources Com-
mission Act, and Manitoba has caused these
presents .to be executed by its Minister in charge
of The Water Control and Conservation Branch
Act on the day and year first above mentioned.

"Harold W. Pope"
Witness to the signature of the Minister in

charge of The Water Resources Commission
Act

"Allan R. Guy"
Minister in charge of The Water Resources
Cammission Act

"Thomas E. Weber"
Witness to the signature of the Minister in
charge of The Water Control and Conserva-
tion Branch Act

"Leonard S. Evans"
Minister in charge of The Water Contral
and Conservation Branch Act.




SCHEDULE C

PRAIRIE PROVINCES WATER BOARD AGREE-
MENT

day

THIS AGREEMENT made this
of OCTOBER, 1969, A.D.

THIRTIETH

BETWEEN:

THE GOVERNMENT OF CANADA,
hereinafter called “Canada”

- and -

THE GOVERNMENT OF MANITOBA,

hereinafter called "Manitoba”
- and -

THE GOVERNMENT OF -SASKATCHEWAN,
hereinafter called "Saskatchewan”

- and -

THE GOVERNMENT OF ALBERTA,
hereinafter colled "Alberta”

Manitoba, Saskatchewan, Alberta ond Can~
ada ogree to establish and there is hereby
established o Board to be known as the
Prairie Provinces Water Board fo consist of
five members to be appointed as follows:

{o) two members to be appointed by the
Governor General in Council, one of
whom shall be Chairman of the Board,
on the recommendotion of the Minister
of Energy, Mines and Resources,

{b) one member to be appointed by the
Lieutenant Governor in Council of each
of the Provinces of Manitoba, Soskot-
chewan ond Alberto,

Functions

The Board shall oversee and report on the
Master Agreement (including the First and

‘Second Agreements thereunder) executed by

Canada, Alberta, Manitobe ond Saskotch~
ewan for the apportionment of woters flow~
ing from one Province into another Province;
shall take under consideration, comprehen-
sive planning, water quality management

_and other questions pertaining to water re-

source management referred to- it by the -
parties hereto; shall recommend appropriate

action to investigate such matters end shall

submit recommendations for their resolution
to the parties hereto.

Composition of Board

The members of the Board shall be chosen
from those engaged in the administration
of water resources or related duties for
Manitoba, Saskatchewan, Alberta or Can-
ada, as the cose may be, and shall serve
as members of the Beard in addition to
their other duties,

Duties of the Board

In accordance with its functions, the duties
of the Board shall be as follows:

(a) to review, collate, and analyze stream-
flow data and prepare reports and re-
commendations on the apportionment of
water, '

(b} to review water quality problems, part-
icularly such problems located at the
interprovincial boundaries, and to re-
commend to the parties hereto, approp-
riate management approaches for their
resolution including the establishment
of new institutionol arrangements,

{c) to develop recommendations on other
woter matters, in addition to problems
on water quality, referred to the Board
by any party herete inciuding the re-
view and analysis of existing informat=-

- ion and the requesting of additional
studies and assistance by appropriate
governmental ogencies to provide infor-
mation for formulating its recommendot~
fons,



(d}) to promote through consultation and the
exchange of information the integrated
development of water resources of inter-
provincial streams,

(e} to cause to be prepared with the con-
sent of the parties involved factual re-

-~ ports . on disputes arising out. of the

water apportionment for consideration
by the parties hereto,

() to ensure the co-ordination of such
technical programs as water quantity
and quality monitering and streamflow
forecasting required for the effective
apporticnment of water.

Confirmation of the
ations

Board's Recommend-

A recommendation of the Board with respect
to any matters referred fo it under Section
2 shall, subject to the Master Agreement for
the apportionment of water, become effect-
ive when adopted by Orders-in-Council
passed by Caneda and each of the Prov-
inces.

Authority of Board

The Board shall have authority to corresp-

ond with all Governmental organizations and
other sources of information in Conada or
abroad cancerned with the administration of
water resources, and such other authority as
may be canferred on the Board from time
to time by agreement between the parties
hereto; all agencies of the four governments
having to do with the water ond associoted
resources in the area covered by the Agree-
ment sholl be required to supply the Board
with all data in their possession requested
by the Board.

Records

The records relating to the water resources
of the three provinces collected and com-
piled by the P.F.R.A. organization at
Regino shall be made available to the
Board.

10.

11.

Meetings of the Board

The Board shall meet ot the call of the
Chairman and meetings shall be called at
least twice annually; the expenses of the
members shall be borne by their respective
governmenfﬁ .

Reports

The Boord shall submit an annua! progress
report outlining work done and work con-
templated in the agreed program to each
of the responsible Ministers of the parties
hereto and such other reports as ‘may be
requested by any one of such Ministers.

QOperation of the Board

The Secretary for the Boord and such other
technical and clerical staff as may be re-
quired, with o headquarters ot Reging,
shall be Federal or Provincial public ser-
vants. The cost of administration, excl-
uding the cost of monitoring as described
in Section 7 of the Master Agreement, but
including staff, accommodation, supplies
ond incidental expenses of the Board, shall
be borne by the parties hereto on the basis
of one-half by Canada and one-sixth by
each of the Provinces. The Board shall
prepare for approval of the parties hereto,
work progrom, staff requirements, onnuol
budgets and five-year forecasts and such
other reports as may be required in the
operation of the Board.

Any water development project already con-
structed or to be constructed by any one
of the parties shall be so operated os to
maintain the apportionment of water as set
out in the Master Agreement {ond the First
ond Second Agreements thereunder) for the
apportionment of waters of interprovincial
streams. '



SCHEDULE D

PREVIOUS ALLOCATIONS OF INTERPROVINCIAL WATERS
APPROVED. BY ORDERS-IN-COUNCIL BY THE GOVERNMENTS OF
CANADA, ALBERTA, MANITOBA, AND SASKATCHEWAN

Item

Allocation of water
for specific projects
in Alberta

Allocation of water
for specific projects
in Saskatchewan

Allocation of water
for South Saskatchewan
River Project in Sask-
atchewan

Ordar-in-Council

Canada

4030/49

1874/51

973/53

Alberfa Saskatchewan Manitaba
857/49  1307/51 1121/49

1091/51 1310/51 1264/51
991/53 1271/53 924/53
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