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10 INTRODUCTION
11 THE SOUTH SASKATCHEWAN RIVER BASIN STUDY

The results of the Canada-Saskatchewan South Saskatchewan River Basin Study (SSRBS) are documented in a series of
reports. The final report provides a summary of the findings in a form suitable for usc by the general public. The final
report is supported by seven technical appendices: Issucs Documentation, Water Quantity, Water Quality, Water Use,
Enviroament, Water Management and The Framework Plan. The technical appendices provide sufficient detail for use
by water management professionals. The technical appendices are based on detailed studies reported in more than 60
technical reports prepared for the basin study and various reports on the study arca prepared for other purposes. A
complete list of the technical reports has been included in Appendix A of this report.

This technical appendix, "WATER QUANTITY", documents the magnitude and variability of the water supply and flood
flows of the Saskatchewan portion of the South Saskatchewan River Basin. I[n order to provide some context for this
report, sections have been included on the background 1o the study and on the water resources of the study area.

12 STUDY BACKGROUND

The South Saskatchewan River is the most refiable suppiy of good quality water in the southemn half of Saskatchewan. It
contributes significantly to the social and economic well-being of the people of the region. During the carly 1980s, several
events led 1o increasing concern about the ability of the river to meet future needs.

The water resources of the South Saskatchewan River are intensively used by Alberta. Alberta irrigates more than a half
million hectares of land in its portion of the basin. During the mid-1980s, Alberta compieted a planning study which
identified a range of future development options. Several of the options provided for significant expansion of irrigation
which would further reduce the amount of water passed to Saskatchewan.

Since its joint development by the federal and provincial governments more than 20 years ago, Lake Diefenbaker has
become a focus for development in the Saskatchewan portion of the basin, This multi-purpose reservoir supports irrigation,
hydro-clectric encrgy generation, recreation, industrial and municipal water supply. In Saskatchewan, plans were also laid
during the 1980s for further development based on the water resources of the South Saskatchewan River, particularly

Lake Diefenbaker.

These plans included significant irrigation development. At the same time, proposals were made to further deveiop the
recreation potential of the reservoir. Such developments would place additional demands on the water resources of the
South Saskatchewan River.

While further development was being considered for the South Saskatchewan River Basin in both Alberta and
Saskatchewan, there were several drought years in the 1980s. The droughts led to increased demand for water while the
supply was reduced. In Saskatchewsn, this caused problems for most water uses. There was concern regarding the ability
of Lake Dicfenbaker to support continued development. Weed growth at the upstieam end of Lake Diefenbaker aiso led
10 concerns that the high quality water in Lake Diefenbaker was at risk.

‘The possibility of increased development, coupled with a reduced supply, led to greater concern about diverting water from
the basin. Prior to the study, there had been a number of options identified for increased diversion of water from the
South Saskatchcwan River. However, when such diversions were identified, existing users expressed concern about the
possible impacts. There was a clear nced to determine the importance of the water in the basin to existing and future
users. .

The Canada-Saskatchewan South Saskatchewnn River Basin Study was undertaken to provide information to guide water
management. It will help ensure that the water resources of the basin can meet the needs of existing and future users.

121 The Study Apreement

On May 16, 1986, Federal Environment Minister Tom McMillan and Minister Responsible for Sask Water, Eric Bemtson,
signed the Canada-Saskatchewan South Saskatchewan River Basin Study Agreement. The agreement set aside 1.6 million
dollars for the study with expenses shared equally by Sask Water and Environment Canada. The agreement established
policics and procedures for a study of the Saskatchewan portion of the South Saskatchewan River Basin.



The Agreement identified three objectives for the study:

(a) “document the current and emerging water and related issves in the South Saskatchewan River Basin
in Saskatchewan;
(b) "carry out an assessment of the water and related resources of the South Saskatchewan River Basin,

and their current and future use;

(©) "develop a framework plan for the conservation and management of the water in the Scuth
Saskatchewan River Basin in Saskatchewan which aliows for the evaluation of water resource projects.”

122 Study Orgaairation

The South Saskatchewan River Basin Study Board was responsible for the completion of the study. The board had one
representative from cach of the two sponsoring agencics: Environment Canada and Sask Water.

STUDY ORGANIZATION

STUDY BOARD

ADVISORY COMMITTEE

STUDY OFFICE

TECHNICAL COMMITTEES

An advisory committee provided policy information to the study board. Senior officials, representing agencies with water
management responsibilities or interests in the basin, made up the advisory committee.

The study board set up the South Saskatchewan River Basin Study Office and staffed it with a director, assistant director
and secretary. The director was responsible to the study board for the day-to-day administration of the study.

Technical committees assisted the study office. Representatives for the committees were drawn from agencies with
responsibilities for water management. The agencies included federal and provincial departments, crown corporations and
municipalities.

The technical committees provided the study office with expert advice on water quantity, water quality, water use and public
involvement. A management strategies technical committee was responsible for drawing together the information produced
by the other technical committees and identifying management options.

The technical committees aiso helped develop terms of reference for work camried out by consultants. More than 20
different consultants participated in the study. The consultants played a role in compiling the basic information needed
to carry out the study.
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PARTICIPATING AGENCIES

Environment Canada
SaskWater

Agriculture Canada

Agri-Food Development Branch

Prairie Farm Rehabilitation Admiaistration
Western Economic Diversification

Saskatchewan Eavironment and Public Safety
Saskatchewan Parks and Renewable Resources
Sagkatchewan Cuiture, Multiculturalism and Recreation
Saskatchewan Rural Development

Saskatchewan Agriculture and Food

SaskPower
City of Saskatoon
Mecewasin Valley Authority
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123 Flanning Procesy

Early in the study, the study board defined the planning process and cight planning principles. These principles guided
the study.

THE PLANNING PROCESS

establish goals and objectives
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identify issues

4

assess the resource

i

identify management strategies

4

evaluate management strategies

+

develop recommendations and
prepare the framework plan




PLANNING PRINCIFLES

THE WISE AND EFFICIENT MANAGEMENT AND USE OF WATER SHOULD BE PROMOTED
THROUGH ALL POSSIBLE MEANS.

THE BECOLOGICAL INTEGRITY OF WATER RESOURCE SYSTEMS SHOULD BE MAINTAINED.
PUBLIC INVOLVEMENT IS ESSENTIAL FOR THE STUDY TO ACHIEVE ITS OBJECTIVES.

ALL WATER USES THAT HAVE SOCIAL, ECONOMIC OR ENVIRONMENTAL VALUE SHOULD
BE CONSIDERED.

DOMESTIC WATER USE SHOULD BE THE HIGHEST PRIORITY AMONG ALL USES.

THE WATER RESOURCES OF THE BASIN SHOULD BE MANAGED FOR THE BENEFIT OF
ALL PEOPLE IN THE PROVINCE.

WATER RESOURCES SHOULD BE DEVELOPED AND MANAGED CONSISTENT WITH THE
CONCEPT OF SUSTAINABLE DEVELOPMENT.

INTERPROVINCIAL SHARING OF WATER IS BASED ON THE MASTER AGREEMENT ON
APPORTIONMENT.

The planning process included the use of a base year as the reference point for the analysis of future conditions. The base
year for the South Saskatchewan River Basin Study was 1986 — the year the study began.

There were three separate planning exercises undertaken, They related to three different time horizons. The short-term
planaing exercise focused on the year 2000 and dealt with water management issues in the basin. The long-term planning
exercise looked at the year 2020 and established a range of development options. The third and final planning exercise
was the system-limit. It helped put the long-term planning exercise in perspective by identifying the development limits
of the basin.

There are thres main components to the study arca: Mainstem South Saskatchewan River, Saskatoon Southcast Water
Supply (SSEWS) system and Swift Current Creek. Although water management in these components is interrelated, the
interrelationships are minor. Therefore most aspects or the study considered each compenent separately. The Mainstem
includes the South Saskatchewan River from the Alberta border to the confluence with the North Saskatchewan at the
downstream end of the study area. Lake Diefenbaker is included in the Mainstem component. The cffects of actions on
thiz mainstem area on the Saskatchewan River downstream of the study are were also considered in the mainstem section
of the report. For this study, the SSEWS system was considered to include ali of the works downstream of the East Side
Pump Station ncar Gardiner Dam on Lake Dicfenbaker. The Swift Current Creek Basin includes the Rushlake Creek
basin.

13 SYSTEM DESCRIFTION

The following is a brief introduction to the water resources of the study area. More details are provided in the body of
this report and in the other reports of this series.

131 Maigstcm

The South Saskatchewan River rises in southern Alberta where it receives runolf from about 120 000 km? of drainage area.
A portion of this drainage basin is located on the eastern slopes of the Rocky Mountains and foothills. This portion is
a highly productive runoff area, producing virtuaily all of the flow received at the Alberta - Saskatchewan border where
the average annual natural flow is 9 200 000 dam’. This natural flow has ranged from lows of about 4 800 000 dam? in dry
years to 16 000 000 dam? in wet years. On average, about two-thirds of the runoff occurs in the May to August period and
less than 10 percent occurs in the December to March period.
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In Alberta the water is used for trrigation, municipal, industrial, hydro-clectric, fish, wildlife and recreation uses. On
average, the flow is reduced by about 1 900 000 dam’ per year, with irrigation taking about 95 percent of the water.

In Saskatchewan the river flows through a region of very low runoff. On average, the local runoff augments the naturat
flow by about two percent with half of this local flow originating in Swift Current Creek. Figure 1 shows the drainage area
in Saskatchewan.

The largest water uses in Saskatchewan are centred around Lake Diefenbaker and the city of Saskatoon. Total water
consumption averages about 500 000 dam® per year. Evaporation from Lake Diefenbaker accounts for about half of this
total, irrigation is the second largest user and municipal and industrial users take a relatively small portion of the flow.
Ailthough less than 10 percent of the water is consumed, the remaining water is used for important instream purposes,
including hydro-electric generation, recreation and fish and wildlife.

Downstream of the study area the South Saskatchewan River joins the North Saskatchewan River and their combined flow
continues cast as the Saskatchewan River. Within Saskatchewan the flow is used to generate electric energy at the Nipawin
and E. B. Campbell Power Stations. Downstream of the Saskatchewan - Manitoba border, the Grand Rapids Power Station
uses the river before the walter discharges to Lake Winnipeg. At Lake Winnipeg the water joins other flows from the south
and cast as it flows down the Neison River to Hudson Bay. Along the Nelson River, there are additional power stations.
In addition to the power stations the rivers dosmstream of the study area serve as local transportation routes, provide
habitat for fish and wildlife and serve the water suppiy needs of several communities.

The quality of the water in the mainstem is very good, meeting the requirements of ail of the existing and projected users.
Upstream of Lake Dicfenbaker the quality varies from season to season with the rate of fiow but in the lake the seasonal
variations are mixed, producing a very uniform quality dowmstream. Within the study area the greatest pollution threat
arises from municipal and industrial efffuents in the Saskatoon area where effluent treatment requirements are regularly
under review.

132 SSEWS Sygtery

The SSEWS is a manmade water delivery system which draws water from Lake Diefenbaker and delivers it to an area
northeast of the lake as far as Lanigan as shown on Figure 2. The major uses of the water are irrigation, industries,
municipalities, recreation and wikdlife. The largest irrigation project is the South Saskatchewan River Irrigation District
which serves over 16 000 ha. Potash mines are the main industrial users.

The quality of the water at the upstream end of this system is equal to the mainstem, since it is drawn from Lake
Dicfenbaker. As the water moves downstream in the system, local surface and ground water inflows of less desirable
quality are added and evaporation concentrates impurities resulting in a lower quality of water. The quality is satisfactory
for the uses made of it, but is less than ideal.

133 Swift Current Creek

Swift Current Creek is the largest tributary to the mainstem in Saskatchewan. This creek drains a portion of the Cypress
Hills ag shown on Figure 3. The average natural flow is about 80 000 dam® and the annual flow ranges from about
20 000 dam’ to 265 000 dam™.

Swift Current Creck water is used for irrigation and as a source of supply for municipal water at the city of Swift Current
and the town of Herbert. The irrigation and municipal systems rely on Duncaim Reservoir for flow regulation to overcome
natural periods of low flow. The water supply system from Swift Current Creek extends to areas of the neighbouring
Rushlake Creek Basin. In addition to the consumptive water uses, the water of this creek is used for recreation, fish and
wildlife. Although the quality of the water in this area is not as good as that in the mainstem, it has been satisfactory for
the current uses.
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FIGURE 2 SASKATOON SOUTHEAST WATER SUPPLY SYSTEM
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FIGURE 3 SWIFT CURRENT CREEK
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20 PHYSICAL SETTING

21 GENERAL

The South Saskatchewan River Basin in Saskatchewan is a component of the larger Saskatchewan-Nelson River Basin which
drains a large portion of southemn Alberta, Saskatchewan and Manitoba as well as areas in North Dakota, Minnesota,
Montana and Ontario as shown on Figure 4. The total drainage area within the Saskatchewan-Nelson River Basin is more
than 1 000 000 km?®. Although the Canada-Saskatchewan South Saskatchewan River Basin Study is limited to the portion
of the South Saskatchewan River Basin which lies within the Province of Saskatchewan as shown on Figure 1 and comprises
only 45 000 km?, watcr management must take into account the upstream and downstream regions. Therefore, this chnpter
includes discussion of the study arca and the arcas upstream and downstream of the study arca.

22 UPSTREAM DRAINAGE BASIN

In 1984, Alberta Environment compicted the South Saskatchewan River Basin Planning Program which provided detailed
information on the Alberta portion of the basin. Detailed evaluations of the natural flows and water use deveiopments
were completed. In 1989, Alberta Environment updated this information and included the expected impact of developments
which have been completed or initiated since the 1984 study was completed.

The Prairie Provinces Water Board completes detailed calculations of the natural flows and water uses in the basin sach
year. Thesc studies and calculations are based on data collected by Environment Canada through the Atmospheric
Environment Service and Water Survey of Canada.

Based on information from these sources and the operating experience of provincial and federal agencies the following
description of the basin upstream of the study area has been assembled.

221 Drai Basin Descripti

The South Saskatchewan River receives runoff from about 120 000 km® of southern Alberta. A tiny portion of the extreme
southwest comner of the basin, about 1 400 km?, is drained by the St. Mary River from south of the international boundary
in Montana. There are four major drainage basin areas in Alberta. The Red Deer River drains the northemn 41 percent
of the total area. The Red Deer River joins the South Saskatchewan River a short distance east of the Alberta-
Saskatchewan border. The Bow River drains 21 percent of the central area of the basin. The Oldman River drains
22 percent of the southern portion of the basin. The confluence of the Bow and Oldman Rivers is the upstream end of
the South Saskatchewan River which drains the remaining 16 percent of the drainage area.

The topography, geology, climate and vegetation of this drainage area varies widely. The headwaters of all three major
tributaries are located on the eastern slopes of the Rocky Mountains where the topography consists of steep slopes at high
elevations. The ground surface is largely exposed bedrock or relatively thin and coarse soils at the higher elevations and
the valieys tend to have large accumulations of coarse soils. The climate varies with elevation, with the greatest
precipitation and coolest temperatures at the highest elevation. The average annual precipitation is as much as 800 mm
at the high elevations and decreases to about 500 mm atong the east side of the mouatains. The temperatures are cool
enough at the highest elevations that all the snowfall does not melt every summer. The highest peaks are barren with no
vegetation. The lower slopes are sparsely forested and the vaileys heavily vegetated.

The steep slopes, impervious bedrock surface, high precipitation, cool temperatures which reduce evaporation, and lack
of water use by growing vegetation combine to make the higher mountain elevations very productive sources of runoff.
The rate of runoff per unit of area decreases as the elevation drops because the slopes become flatter, there are more
pervious soils to hold water, the amount of precipitation is lower, temperatures are higher and plant growth increases as
do losses to the atmosphere. A comparison of the hydrometric records of the Bow River at Lake Louise and near Seebe
demonstrates the variation of runoff potential. Both locations are upstream of any significant diversions. The Bow River
near Lake Louise has a drainage arca of 421 km* which produces an average of 789 dam®/km?* of runoff per year. Further
downstream on the Bow River, near Seebe, the river has a drainage area of 5 170 km? which includes the high elevations
at Lake Louise and additional lower areas. This area produces an average of 485 dam®/km?® of runoff per year which is
a generous flow but substantially less than the runoff at the higher elevations.



FIGURE 4

SASKATCHEWAN-NELSON RIVER BASIN
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In addition 1o producing relativety high total runoff, the mountain geography tends to spread the flow over the annual cycie
to some degree. The variation in elevation resuits in an extended spring snowmelt. The spring thaw progresses up the
mountains through the spring and early summer. Although the snowmelt is most rapid in April and May, it continues at
the high elevations through June, July and August resulting in a long snowmelt runoff season. Summer rainfail at higher
clevations tends to produce runoff which aiso keeps the rivers running for a longer period of time. The soils of the
mountains tend to be sand, gravel and cobbles with large watcr holding capacity and high transmissivity. The large volumes
of storage in these coarse soils tend to absorb a portion of the rainfall and snowmelt and outflows from the ground water
system tend to provide very reliable base flows through the fall and winter when all of the precipitation is stared in the
accumulated snow, .

As the runoff flows east from the mountaing, it is augmented by flow from the foothills region. The foothills are the
transitional area between the extremes of the very steep and high mountains and the flat low lying prairie. The foothills
precipitation which ranges from 400 mm to 500 mm per year is much lower than in the mountains and losses to evaporation
and transpiration at the warmer lower elevations are much higher. Therefore, the runoff per unit of area is much lower
than in the mountains.

The downstream portion of the basin in Alberta is on the prairies. In this area precipitation averages 300 mm to 400 mm
per year while the potential for evaporation and transpiration by plants exceeds 1000 mm per year. The flat slopes and
decp soils retard and capture precipitation and snowmeit. Most of the moisture is returned to the atmosphere without
reaching the rivers. The only runoff results from brief periods of heavy snowmelt or extreme rainstorms. Average annual
runoff ranges from two dem’ to 20 dam’/km®.

The Red Deer, Bow and Oldman Rivers rise in the mountains and foothills along the continental divide formted by the
Rocky Mountains. About 75 percent of the streamflow of these rivers originates in the mountain region. The average
annual natural flow of the South Saskatchewan and Red Deer Rivers at the Aiberta-Saskatchewan border from 1912 to
1986 was 9 300 000 dam®. The natural flow has varied from a minimum in 1941 of 4 820 000 dam’ to a maximum in 1951
of 16 600 000 dam®. On average, the Red Deer River contributes 21 percent, the Bow River 43 percent and the Oldman
River 36 percent of the natural flow. Virtuaily all of the flow originates in the mountains and foothills in the western
headwaters. The prairie region downstream of the cities of Lethbridge, Calgary and Red Deer contributes very little runoff.

There are no significant natural lakes to store or attenuate the runoff but there is substantial ground water contribution
to the flow which results in a reliable base flow. Since the runoff originates from melting snow and early summer rains,
the majority of runoff occurs in May, June and July. The flows typicaily recede through [ate summer, fall and winter then
begin to rise through March and April-

23 MAINSTEM SOUTH SASKATCHEWAN RIVER

Through Saskatchewan, the South Saskatchewan River is essentially a conveyance chaninel carrying mountaia and foothill
runoff from western Alberta to the confluence with the North Saskatchewan River, The two streams then form the
Saskatchewan River. The total distance transversed by the South Saskatchewan River in Saskatchewan as measured along
the centre of the river valley is 716 km.

The river flows in a vailey that is incised into the surrounding prairie. Geologic evidence indicates that the valley was
created by a larger river during the glacial retreat a little over 10 000 years ago. The original valley, which was up to 50 m
deeper than the present valley in places, is partially filled with river sediments. The valley is a very significant feature of
the prairie region.

From the Alberta boundary, the river flows in & gencrally sastward direction about 331 km to near the town of Elbow
where it turns sharply north for 385 km to the confluence with the North Saskatchewan River. The valley ranges from 50
to 150 m deep and is generally from one to four kilometres wide. The valley bottom is mainly taken up by the river bed.
There is one short reach upstream of Saskatoon where the valley widens to about seven kilometres and a limited floodplain
exists.

Prior to development of Lake Diefenbaker, the annual flow voiume at the upstream end of this river reach was essentially
the same as at the downstream cnd. Local inflows and water depletions were insignificant. Recorded fows from the
upstream to downstream end indicatcd a slight gain some years and a slight loss other years but the differences were
smaller because of the precision of the measurements. Detailed calculations based on the drainage area and measured
flows on tributaries indicates that, on average, the local inflow is about 2 percent of the total flow and it varies from 0 to
about 4 percent. The largest local inflow tributary is Swift Current Creek which contributes about half of the total local
flow in Saskatchewan.

1l



As it ﬂow: through Saskatchewan, the South Saskatchewan River receives runoff from a band of prairie as shown on
Figure 2. This local drainage area is about 45 000 km® in area or about 25 percent of the total drainage area of the river
but it contributes only two percent to the natural flow of the river.

The area has relatively flat slopes and large depressions. The climate is arid with the average annual potential evaporation
of over 1 000 mm, substantially exceeding the average annual precipitation of 300 mm to 400 mm. A very large proportion
of precipitation is captured by the soil where it is returned to the atmosphere through evaporation and transpiration from
plants. Of the small proportion of precipitation that flows from the fickds, most only flows a short distance to locai sloughs,
potholes or depressional areas where it is returned to the atmosphere through evaporation.

In the roughly 10 000 years since the last glacial period, the relatively dry climate has resulted in little runoff. Natural
drainage patterns have not been weil developed by erosion. The drainage area that is effective in delivering water to the
mainstem of the river is therefore very small.

In defining the drainage boundaries for the South Saskatchewan River Basin Study, only the portion of the basin that might
coatribute to the mainstem of the river under wet conditions was included. There are additional arcas that form part of
the South Saskatchewan River Basin but which can never contribute to the flow because of local topographic features. The
north slopes of the Cypress Hills west of Swift Current Creek are a relatively high runoff area but the streams from that
area drain to large depressions where all of their runoff is trapped and retumed to the atmosphere by evaporation. The
Great Sand Hills are a geographic feature with undulating terrain and porous soils which prevent any outflow. Since these
areas never contribute runoff to the South Saskatchewan River, they have not been included in the drainage basin for the
purposes of this study. Similarly, areas north of the South Saskatchewan River which drain to closed depression arcas that
never contribute flow to the river have also been excluded from the study.

24 SWIFT CURRENT CREEK

Swift Current Creek rises on the northeast slope of the Cypress Hills and flows northeast then north into the South
Saskatchewan River Valley as shown on Figure 3. The mean annual natural flow of Swift Current Creek is 86 700 dam®
and it has varied from a low of 20 600 dam’ in 1937 to a maximum of 286 000 dam® in 1952.

The Cypress Hills, which are as much as 600 m above the surrounding prairi¢, reccive more precipitation and are cooler
so evaporation losses are lower than on the surrounding prairic region. As a result of the greater water availability and
steep basin slopes, the runoff yicld is substantially higher in these hills. The Cypress Hills are underiain by a large volume
of relatively porous geologic formation known as the Cypress Formation which stores a substantial volume of water and
tends to drain at 2 fairly steady rate. This ground water discharge stabilizes the runoff, making the 3 900 km? Swift Cutrent
Creek drainage basin a much more productive and reliable water source than most of the prairie region in southern
Saskatchewan.

25 DOWNSTREAM AREA
51 Dorth Saskatchewan River

At the downstream end of the study area the South Saskatchewan River is joined by the North Saskatchewan River and
their combined flows are carried east into Manitoba as the Saskatchewan River. The North Saskatchewan River is similar
to the South Saskatchewan River in size and distribution of flows. The drainage basin is slightly smaller at 131 000 km*
and the average natural flow volume of 7800 000 dam® per year is 82 percent of the natural flow of the South Saskatchewan
River.

Aswas described for the South Saskatchewan River, most of the runoff originates in the mountains and foothills of western
Alberta. The North Saskatchewan River headwaters are in the Rocky Mountains, The river receives runoff from the
Clearwater and Brazeau rivers in the foothills before becoming a conveyance channel carrying the mountain runoff across
Alberta and Saskatchcwan. Because it is further north where evaporation losses are lower, this prairie region has higher
runoff potential than the South Saskatchewan River Basin, but the prairie runoff is still a smail part of the total basin
runoff. Downstream of Edmonton, the river gains about 12 percent of its total flow from about 80 percent of its drainage
area.
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From 1912 to 1986, the natural annual flow of the North Saskatchewan River has varied from a low of 4 930 000 dam® in
1931 to a high of 17 000 000 dam® in 1951. The headwaters area of the North Saskatchewan River is very close to that of
the South Saskatchewan River and is generally subject to similar weather conditions. Both rivers tend to have high or low
Tunoff in the same years, producing a simple linear coefficient of correlation of annual natural flow volumes of 0.7.

Water development in the North Saskatchewan River Basin has had modest impacts on the flows in the river. The largest
effects have arisen from storage reservoirs at Brazeau Reservoir and Lake Abraham in the Rocky Mountains. These
TESEIVOirs store water in spring and summer for releasc in fall and winter to generate hydro-clectric power and to augment
the low winter flows. As # result, summer flows arc lower and winter flows are higher than natural. Small irrigation
projects and urban use at centres including Edmonton and Prince Albert modestly depiete the flow. The average annual
water use is less than 2 percent of the natural flow. The water use will likely grow modestly as municipal, industrial and
individual irrigation developments expand but the growth would only become significant if major irrigation diversions
occurred and at present no significant diversions are expected.

252 Sssiatchewan River

From the confluence of the North and South Saskatchewan rivers, the Saskatchewan River carries the flow in a generally
easteriy direction to the Saskatchewan/Manitoba Border and into the north end of Lake Winnipeg, The combined average
annual natural flow of 17 280 000 dam® from the two tributaries is augmented by a negligible 170 000 dam’ of inflow
upstream of Tobin Lake.

Downstream of Tobin Lake, the Saskatchewan River enters a geographic region known as the Saskatchewan River Delta.
This area is not presently a delta as it was some 10 000 years ago. At that time, glacial Lake Aggasiz covered much of
southern Manitoba and extended into Saskatchewan. The Saskatchewan River deposited its sediments as the velocity of
the river flow slowed upon entering the glacial lake, forming the large flat area that remains. In this former delta area,
the river is characterized by its braided channel. During high flow periods, large areas of the delta became flooded. In
this area, the Torch River, Gooseberry River and Sturgeon-Weir River contribute runoff from the north. The natural flow
is augmented by an average of 3 230 000 dam? in this reach, bringing the total natural flow at the Manitoba border to an
average of 20 680 000 dam® per year. The 9 300 000 dam® average annual natural flow of the South Saskatchewan River
is about 45 percent of the flow of the Saskatchewan River at the Saskatchewan/Manitoba border.

The main hydropower developments on the Saskatchewan River in Saskatchewan are the E. B. Campbell and Nipawin
Generating Stations and the water bodies assocated with them: Tobin Lake and Codette Reservoir.

In Manitoba, the Grand Rapids hydropower dam built in the early 1960s created the large storage reservoir of Cedar Lake.

After combining with castern and southern rivers in Lake Winnipeg, the water of the Saskatchewan River is carried by the
Neison River into Hudson Bay. The Nelson River has several hydro-electric stations located on it.

The Nelson River carries an average of about 52 000 000 dam® of water per year out of Lake Winnipeg and farther
downstream, at the Keisey Generating Station, the average annual flow has beea measured at 72 000 000 dam®. The
9 300 000 dam? average annual natural flow of the South Saskatchewan River is about 13 percent of the total flow of the
Nelson River at the Kelsey Generating Station.
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a0 MAINSTEM SOUTH SASKATCHEWAN RIVER
31 DEVELOPMENT HISTORY

The South Saskatchewan River begins in the Rocky Mountains where it gathers a relatively large and reliabie flow of water
before it passes through the foothills and on to the very arid prairie of southern Alberta and southern Saskatchewan. This
reliable source of good quality water has played a major role in the human occupation of this arid region. Archaeologic

_ evidence suggests that the river banks were actively occupied even in prehistoric times and that the river was used as a

natural navigation route.

From the beginning of the relatively shont recorded history of the prairie region, the river has been a focus of human
activities. Henry Kelsey of the Hudson's Bay Company was probably the first European to see the South Saskatchewan
River ia 1691 and the explorer Lovis-Joscph LaVerendrye reached the confluence of the North and South Saskatchewan
rivers in 1749. For the next century and a half, the river was a part of the main transportation system in this frontier area
as the commerve of the fur trade generated early scattered settlement of the region.

By the mid-1800s, projects to use the water of this river were proposed. Captain John Palliscr, a geographer, headed an
expedition from Britain to explore western Canada in 1857, A year later, Professor Henry Yule Hind was commissioned
to explore the Assiniboine and South Saskatchewan river valleys. Both Palliser and Hind noted that the Qu'Appelle River
Valley and South Saskatchewan River Valley were joined at the poiat that the South Saskatchewan River turns north near
the Town of Elbow. They suggested that a dam could be built on the South Saskatchewan River which would divert water
to the Qu“Appelle River creating a navigable channel across the southem prairic.

When the Canadian Pacific Railway was built across the prairies in 1882-85, the interest in rivers as transportation routes
disappeared. Thearailway brought settlers to the prairie region. As the population of the prairies grew, the importance
of the river as a secure source of water increased.

31 Watcr Development in Alberta

Since almost all of the flow of the South Saskatchewan River oniginates in Alberta, water management of the Saskatchewan
portion of the basin must take into account watcr developments in Alberta. Water developments in Aiberta change both
the total quantity of flow entering Saskatchewan and the timing of that flow.

3111 Imigation. In the late 1800s, settiers and land development companies in southern Alberta noted the
limitations on agricuitural productivity due to the arid climate. The potential to increase the region’s productivity by using
water from the large and easily diverted rivers was recognized. The Common Law concept of water management that
prevailed at that time, assured undiminished flows for downsiream riparian users. This discouraged potential investments
in high-cost irrigation deveiopments until the Dominion govemment passed the Northwest Irrigation Act in 1894, This
Act was intended to facilitate the orderly development of irrigation in the area that is now the Provinces of Alberta and
Saskatchewan. The act placed the ownership of all water with the Crown and provided a system of water allocation to
specific users. The resulting long-term access to an allocation of water provided the incentive for the high capital
tnvestments that were required for irrigation development. Later, in 1930, when management of the water resource was
transferred to the provinces, similar provincial icgislation was passed.

The most economical opportunities for irrigation were in the area that is now southern Alberta. Water from the Oldman
River and the Bow River could be easily diverted by gravity out of the river channeis and into canals which carry the water
to farmland that was suitable for the types of gravity irrigation techniques that were available.

After the least expensive irrigation developments were built, assistance programs of the federal and provincial governments
were introduced which encouraged continued development. Albenta irrigation development began in the late 1800s. By
1920, there were 73 000 ha irrigated and irrigation development has continued since that time as summarized in Table 1.

The earliest projects were able to rely on the natural base flows of the rivers. More recent developments have included
additional storage reservoirs to store water in high flow periods for later usc. The major reservoirs are listed in Table 2.

The quantity of water used cach year varies modestly in relation to the precipitation. The average annual irrigation water

use in recent years has been about 1 800 000 dam®. This use includes evaporation at supply reservoirs and other losses
as well as the water applied to the fields.

15



1920 73 00G hectares
1930 138 000 hectares
1940 166 000 hectares
1950 182 000 hectares
1960 143 000 hectares
1970 259 000 hectares
1980 356 000 hectares
Present (1987) 544 000 hectares
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Irrigation development in Alberta is expected to continue. When commitments made by the Alberta Government in the
early 1980s are completed early in the next century, there will be 686 000 ha (1 695 000 acres) under irrigation and average
annual water requirements may be about 2 272 000 dam’.

In the long-term, if Alberta chooses to develop all of its share of the water resources of the basin for irrigation, the
irrigated area could reach 850 000 hectarcs (2 100 000 acres) and average water use might reach about 3 600 000 dam® per
vear. However, current plans of the Alberta government include limiting irrigation development to the 686 000 ha for
which infrastructure now exists or is committed.

3112 Hydroclectric Hydro-clectric generation based on the flows of the rivers in the basin began in the
1890s. The most recent developments occurred in 1960. There are a total of 11 hydro generation plants in the Bow River
Basin with a combined generation capacity of 325 megawatts, These plants provide six percent of the total Alberta
generating capacity and on average they generate about five percent of the province’s power.

Hydro-clectric power generation does not consume water, but rather uses the energy of falling water to produce electricity.
In order to generate power when it is needed, the hydro projects rely on storage of the flow in high runoff periods and
releases of the water when the energy is needed. Thus, the storage reservoirs built for hydro projects change the pattern
of flow. In general, water is stored in the spring and early summer and released through the winter when energy demands
are higher. The hydro reservoirs result in some depletion of the total water supply due to evaporation but because most
of these reservoirs are located at high clevations where the climate is cooler, evaporation has a modest impact. The main
impact of the hydro reservoirs i a redistribution of the seasonal flow which must be taken into account in the management
of the river downstream in Saskatchewan.

The total active storage volume in the Alberta hydro reservoirs used in an average year is about 500 000 dam’. This is not
a sufficient volume to have a major effect on either the total flows or the seasonal distribution of the water entering
Saskatchewan. There is a modest impact in the fall and winter seasons when the low flows are augmented by releases from
these reservoirs. Table 2 includes the hydro reservoirs in the Alberta portion of the basin.

3113 Municipal. There are over 1 000 000 people living in the South Saskatchewan River Basin in Alberta,
mostly in cities and towns which rely on the flows of the river and its tributaries. The municipal water and sewer systems
which serve these people handle large volumes of water but their net impact is less than might be expected. About 70 to
80 percent of the water diverted is retumed to the river system after treatment and disposal. The net depletion of the flow
of the South Saskatchewan River upstream of Saskatchewan for municipal uses is about 60 000 dam® per year which is a
relatively small quantity of water compared to other uses.

ilLi4 Jpudustrial Southern Alberta has a variety of industrial developments including oil and gas extraction,
refining, transportation, cosl mining, timber extraction, food processing and manufacturing.

Much of the industrial use of water in Alberta is based on the municipal water systems but some of the larger industries
have scparate water sources ané effluent disposal systems. Their impact is similar to the municipal impact. They may use
significant quantities of water but since most of the water is treated and returned to the rivers, the net impact is small.
Net industrial water consumption averages about 40 000 dam”® per year.

3Ll Tourism, Recreation, Fish and Wildlife. The rivers, reservoirs and other water bodies provide a base
for tourism, recreation, fish and wildlife uses of the water. These uses generally take advantage of the available water
without directly consuming the resource. Many of the irrigation and other reservoirs support these uses of the water and
aithough some of the evaporation losses caused by these reservoirs might be attributed to the secondary uses, the losses
are generally assigned to the primary uses.

The Alberta Department of the Environment has established desirable and minimum flows and water levels which are

maintained in the rivers. The desirable flows are maintained most of the time. The minimum flows are only allowed to
occur in extreme droughts when the water supply is inadequate for alt users. The specific flows vary from reach to reach.
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3116 Summary of Alberta Uses. The average annual depletion of the flows of the South Saskatchewan
River in Alberta is about 1 900 000 dam® with about 95 percent of the water going to irrigation. Alberta uses of the water
were insignificant prior to 1890 but have grown at a varying rate since that time. Uses are expected to continue to grow
and will likely average about 2 400 000 dam®, that is, about 26 percent of the average natural flow, by early in the next
century. Studies of potcntial storage development have shown that it would be possibie to increase average water use to
about 3 700 000 dam? per year with addition of very cxpensive storage, but current planning in Alberta indicates that growth
in water usc will be small in the next century.

In addition to depleting the flow for irrigation use in the summer, Alberta reservoirs store a portion of the flow for later
release for hydro-clectric generation and low flow augmentation. Figure 5 compares average monthly flow conditions under
natural conditions and various development levels.

a2 Apportionment

The natural topography of the southern prairie region slopes from west to east. Therefore, water which arises in Alberta
naturally flows into Saskatchewan. In the early development of the prairie region, there was ample watet for the limited
users but by the 19608 water development had progressed to the point that potential conflicts were anticipated if an
agreement on equitable sharing was not reached. Irrigation Developments in Alberta were consuming a steadily increasing
portion of the flows, Saskatchewan, with federal assistance, was building the Lake Diefenbaker project to develop irrigation
and other water uscs. Saskatchewan was also building hydro-electric plants at Gardiner Dam on Lake Diefenbaker and
the E. B. Campbell project on the Saskatchewan River. Alberta, Saskatchewan and Manitoba could foresee development
potentials for the eastward flowing rivers of the prairics that could only be achieved if each jurisdiction could be assured
of an equitable share of the natural Row. Therefore, the three Prairie Provinces and the Federat Government negotiated
and agreed to the Master Agreement on Apportionment (October 30, 1969) and established the Prairie Provinces Water
Board to administer the agreement and co-ordinate activitics which are of mutual benefit.

Since this agreement effects the water supply available in the study arca, the full text of the agreement is provided in
Appendix B. The following points summarize the key features of the agreement related to the water supply in the study
area: .

1 Apportionment applies to eastward flowing rivers which cross the provincial boundary between
Alberta and Saskatchewan or Saskatchewan and Manitoba. The South Saskatchewan River and
Red Deer River entering the study area from Alberta are subject to apportionment. The North
Saskatchewan River and Battle River are subject to apportionment at the Alberta-Saskatchewan
border and the Saskatchewan River at the Saskatchewan-Manitoba border.

2 In general, Alberta must permit at least one half of the natural flow to reach Saskatchewan in cach
calender year. Saskatchewan must permit at least one half of the flow received from Aiberta plus one
half of natural flow arising in Saskatchewan to reach Manitoba. The agreement uses the calender year
for the Alberta sharing and April 1 to March 31 for the Manitoba sharing,

kR Even though they cross the border separately, the South Saskatchewan River and Red Deer River
flows can be combined for apportionment, at the option of Alberta. This provision improves
Alberta’s flexibility for developing water projects.

4. On the South Saskatchewan River, Alberta may divert or store a minimum of 2 590 000 dam’
(2 100 000 acre-fect) in any year even if it is more than 50 percent of the natural flow. However,
Alberta may not reduce the flow to less than 42.5 m*/s (1 500 cfs) except when half the natural flow
is less than 42.5 m?/s, in which case, the flow may be reduced to half of the natural flow. This limit
of 2 590 000 dam® was established to protect uses in Alberta that had been developed prior to 1969.
The 42.5 m’/s limit was set to protect riparian water uses in Saskatchewan. Under this apportionment
formula, Saskatchewan is assured of receiving at least 50 percent of the natural flow in almost all
years. The minimum 2 590 000 dam® diversion sct aside for Alberta would only have been a factor
in 3 years since 1912 as shown in Table 3.

Even in these driest years, Saskatchewan would have received close to 50 percent of the flow.
Because of the impracticality of developing uses for flows that wiil not be satisfied virtually every year, Alberta cannot
utilize its full SO percent in normal of wet years. As a result, in recent years Alberta has passed an average of 83 percent

of the natural flow to Saskatchewan. Water supply studies indicate that even with the development of the maximum
practical storage works in Alberta, the average delivery of water to Saskatchewan will be in the 60 to 65 percent range.
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AVERAGE SBASONAL FLOW PATTERN

FIGURRE 5

SOUTH SASKATCHEWAN RIVER

UPSTREAM OF LAKE DIEFENBAKER
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In 1984, the driest year in recent times, the caicufated natural flow was 5 220 000 dam®. The recorded flow of
3093 000 dam® was 59 percent of the natural flow. With developments as they existed in 1984, Alberta did not use
50 percent of the flow in a drought year that was very ncarly as dry as the extreme droughts in the 1930s and the 1940s.
Since 1984, Alberta has developed additional storage and it is reasonable to assume that Alberta uses will consume very
close to 50 percent of the flow in future droughts, probably about once in every 25 years on the average by the late 1990s.
In the long-term, uses and storage might bring Alberta usc to 50 percent of the natural flow as frequently as once in 5 years
on the average. This means that Saskatchewsn can anticipate receiving more than 50 percent of the flow in 96 percent of
the years in the short-term and in about 80 percent of the years in the long-term. The average annual streamflow reaching
Saskatchewan can be expected to diminish from about 80 percent of the natural in the recent past to about 70 percent in
the short-term and to about 67 percent of the natural in the long-term.

313 Soyth Seskatchewan River iy Sslatchewag

Prior to construction of the South Saskatchewan River Project in the 1960 which created Lake Diefenbaker, the South
Saskatchewan River in Saskatchewan was very lightly used. The most important use was the municipal supply for several
towns along the river and the city of Saskatoon, which has a license for about 61 000 dam® per year. The river was 100 m
or more below the surrounding prairie so there were no convenient opportunities to divert water to large-scale irrigation
projects. [rrigation development was limited 10 a few small projects within the valley. Recreation and the fishery were
limited by the very wide fluctuations in the flow and water level and by the heavy sediment load of the river.

Other uses of the river had been considered. The cities of Regina and Moose Jaw are located in a region of very limited
local wuter supply. Various methods of using the South Saskatchewan River as a source of supply were proposed. One
plan which involved pumping water from the river into the Thunder Creek Valley near Riverhurst where it could run by
gravity to Moose Jaw was attempted in the 1920s but was abandoned because of high seepage losses. In 1958, a pumped
diversion from the South Saskatchewan River to the Qu'Appelle River Valley was built for the supply of water to Regina
and Moose Jaw by pipelines from a treatment plant at Buffalo Pound Lake in the Qu’Appelle River Valley. This diversion
operated until 1965. This pumped diversion was replaced by gravity releases from Lake Diefenbaker in 1967. The pumped
diversion averaged 25 500 dam® per year or about one-third of one percent of the average flow of the South Saskatchewan
River in the yeam of operation (1958 to 1965).

The present minor water uses along the river are summarized in Table 4. Many of these uses, particulariy the irrigation
along Lake Diefenbaker, have been developed since the project was built.

The total depleticn of the flow of the South Saskatchewan River by man-made projects in Saskatchewan was less than
1 percent of the average annual flow prior to development of Lake Diefenbaker.

Gardiner Dam and the Qu'Appelle River Dam were built during the period from 1958 to 1968 forming Lake Diefenbaker.
Figure 6 shows the area and storage capacity of Lake Diefenbaker. The lake filled between 1965 and 1968. The
9 400 000 dam” of water that was captured to initially fill the take in this four-year period was the first noticeable depletion
of the flow by man-made projects in Saskatchewan as it took almost one-quarter of the total flow for this period-

Lake Diefenbaker has an arca of about 40 000 ha which is exposed to evaporation. The average annual net evaporation
from this lake is about 240 000 dam’ (based on the period 1969 to 1989) and has been the largest use of water in the basin
in Saskatchewan.

Lake Dicfenbaker was developed as a multipurpose water control project. In addition to supplying water for irrigation,
municipal, industrial, recreation and wildlife projects, the lake provides flow regulation for assured downstream fows, flood
control and hydro-electric generation.

The average flow of the South Saskatchewan River downstream of Gardiner Dam from 1969 to 1986 was 209 m*/s which
is about 11 percent less than the average inflow to Lake Dicfenbaker of 235 m’/s. Evaporation and uses at
Lake Diefenbaker account for most of the difference. Evaporation is one of the largest water uses and this use will not
change appreciably with time. The other major water use is irrigation which is expanding and could use a larger portion
of the fiow in the future.

More details on the quantities and locations of water uscs can be found in the South Saskatchewan River Basin Study
Water Use Technical Appendix.
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TABLE4 SOUTH SASKATCHEWAN RIVER AND LAKE DIEFENBAKER MINOR WATER USES

9y

Upstream of Lake Diefenbaker s 1737 8 020

Lake Diefenbaker 9% 11 133 57790

Gardiner Dam to Saskatoon 55 3387 42 941

Downstream of Saskatoon 43 2475 11339

TOTAL 29 18 732 120 0%0
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GEODETIC ELEVATIONS IN metres
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32 WATER SUPPLY HYDROLOGY

321 Study Period

Since it is not possible to know what sequence of runoff events will occur in the future, it is necessary to base planning of
water resource managemeat on the best indication of the runoff potential that can be derived from information on past
runoff. Analysis of historic data can identify the magnitude and variability of flows from year to year and scason to season.
The longer the historic record is, the more reliable the resulting analysis will be.

The water supply available for management on the South Saskatchewan River depends upon the natural flows of the river
and the changes to the natural flow that can be expected to occur due to upstream developments. Flows, diversions and
storage within the drainage basin have been measured and recorded by Water Survey of Canada and by various provincial
agencics and water users at many locations since the early 1900s. All of the measurements have not been continuous and
many different periods of record exist for various measurements as prioritics have changed over the years. The most
comprehensive records at key locations, such as the South Saskatchewan River at Saskatoon, Oldman River at Lsthbridge,
Bow River at Calgary and Banff, the Red Deer River at Red Deer and Swift Current Creek at Swift Current begin in 1912.
The latest complete year of recond available when the South Saskatchewan River Basin Study was started was 1986.
Therefore, the 75 year period from 1912 to 1986 was selected as the study period for the basin study.

In some past basin studies a concept referred to as synthetic hydrology has been proposed in an attempt to produce a
Jonger record of data for analysis. This method analyzes the recorded flows in order to extract the statistical characteristics
of these flows. These statistical characteristics can then be appropriately applied with random distributions to create long
sequences of flows that have the same characleristics as the original record. Synthetic hydrology studies were not
completed for this study because the 75 year historic record was considered to provide a reliable basis for water supply
planning. This historic record includes a wide variety of high and low runoff and a variety of combinations of annual
sequences which provide a realistic indication of the water supply potential.

322 Natural Flows

In the 19705, Canada and the three Prairie Provinces jointly undertook detailed studies of methods of calculating the
natural flow of the South Saskatchewan River under the supervision of the Prairie Provinces Water Board. The project
depletion method of calculation, which considers the recorded river flows and adds the depletion resulting from upstream
projects or the augmentation resulting from releases from storage, was used. Methods were developed for calculating the
natural flow which were satisfactory to the technical representatives of all three provinces and Canada. These methods
have been applied to the South Saskatchewan River by Environment Canada on behalf of the Prairic Provinces Water
Board each year in order to monitor the annual apportionment of the flow under the Master Agreement on
Apportionment.

Alberta Environment completed detailed studies of the naturai flow of the South Saskatchewan River Basin in 1984 and
in subsequent updates have continued to estimate the natural flows. The methods used are essentiaily the same as the
methods of the Prairic Provinces Water Board, and the resulting estimated natural flows are nearly identical. Therefore,
in order to avoid duplicating effort, the Alberta Environment narural flow results have been used for the portion of the
flow arising upstream of the Saskatchewan study area.

For the arca within Saskatchewan, there are small tributary streams which carry small quantities of water to the South
Saskatchewan River. Hydrometric data collection for most of the local runoff is very limited but the scattered flow records
were used along with data on water development from the water rights licensing to develop an estimate of the natural flow
for the years when data were avaifable. In order to obtain an estimate for the full 75 year study period, the calculated
natural flows for the years of record were compared by statistical correlation to flows measured on nearby streams which
are in the same area and have similar climates to deveiop estimates of the natural flow for the missing months. For areas
which have no useful measured flow data, cstimates of runoff were prepared based on runoff on the nearest stream
adjusted on the basis of the drainage area.

Although these natural flows are calculated indirectly rather than being direct measurements, they are a fairly reliable
estimate, particularly for the mainstem. The largest factor in the calculations is the recorded flows which have been
measured throughout the study period at Saskatoon and on all of the main tributaries. The largest adjustments to the
measured flows are also based on direct measurements. The storage in all the large reservoirs is calculated from measured
water levels and accurate capacity curves based on preconstruction surveys. The large irrigation diversions and return flows
are regularly measured and irrigated acreage is recorded so that uses can be estimated. Evaporation losses arc estimated
from ctimatic data and although the estimates are known to have some potential for error, since cvaporation is a relatively
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smail loss, even large errors in its calculation will have a small influence on the total natural flow calculation. The least
accurate portion of the calculation, due to data [imitations, is the local runoff but since the local runoff is only about
1 percent of the total flow, even large errors in its estimate are not critical,

Appendix C contains a monthly listing of the estimated natural runolf of the South Saskatchewan River. Tables 5 and 6
summarize the flow at the upstream end (near Lemsford), and at the downstream end (near St. Louis), of the study area.

Several features of the natural flow regime are worthy of special comment:

L The natural flows near the Alberta border are very similar to the natural flows at the downstream end
of the study area. The difference, an average of 2.4 percent of the flow, arises from runoff in
Saskatchewan. The largest contributor, Swift Currcnt Creek, is discussed in detail in Chapter 4 of this
report.

2, Although the river is naturally a good source of supply, it experiences wide extremes of flow. The
minimum monthly flows are about 5 percent of the mean and maximum monthly flows are about
seven times the mean. As discussed later in this chapter, variations in daily peak flows are even

greater.

3 The majority of the runoff, about 60 percent, occurs in 25 percent of the year from May to July. By
contrast, only about 5 percent of the annual runoff occurs in 25 percent of the year from December
to February.

323 Lurreat (1986) Flow Regime

Although the natural flows provide the basic information about the natural hydrology of the drainage basin, they are not
good indications of the current flows in the river. The present flows are influenced by major man-made projects in Alberta
and in Saskatchewan.

In order to determine the probability of various levels of supply under the current regime, the natural flows for the 75 year
study period were adjusted by the quantity of water that is currently being used or stored each year. In order to take into
account the effects of storage and carry over water from wet periods to dry periods, a computer-based water balance model
was used to simulate the flows. The particular model used was the Water Resource Management Model (WRMM). In
this model, the river system is described by a series of reservoirs, channels, diversions and nodes and the operation of the
system is controlled by penalty points which define desirable and undesirable performance of the system. The computer
program calculates the optimum operation of all components of the system for cach month of the study period taking into
account the supply available, the defined water uses and the storage left from the previous month. Alberta Environment
used the same model configured for the Alberta portion of the basin, to provide inflow data. More detaiis on the Water
Resource Management Model can be found in the Project Evaluation Procedures section of the South Saskarchewan River
Basin Study Framework Plan Technical Appendix.

For this study, it was assumed that Lake Dicfenbaker would be operated as it was operated in the mid 1980s.

When the resuiting arrays of monthly flows which arc attached in Appendix C are compared to the natural flow arrays,
substantial differences can be scen. Tables 7 and 8 summarize the flow regime as it would have been if the developments
that were in place in 1986, had been in place throughout the study period.

Tables 3, 6, 7 and 8 show some dramatic changes in the flow pattern:

1. The average annual flow reaching Saskatchewan is reduced from 290 m*/s to 227 m%/s, a reduction
of 63 m’/s. On average, Saskatchewan would reccive 78 percent of the natural flow. This perceatage
ranges from 58 percent in dry years to 88 percent in wet years.

2 The average annual flow leaving the downstream end of the study area is reduced from 297 m’/s to
211 m*/s, a reduction of 86 m*/s. On average Saskatchewan is diverting 23 m*/s of water or
10 percent of the available flow. The 90 percent that is not used consumptively is used for hydro-
clectric generation and maintaining downstream river flows.

3 With Alberta and Saskatchewan uses combined, the total average water use in the basin of 86 m*/s
is about 30 percent of the average supply.
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4, The seasonal variability of the flow arriving from Alberta has been reduced. The average low-flow
month is now 40 percent of the average instead of 20 percent. The average high-flow manth is
270 percent of the average instead of 300 percent.

5. Attenuation of flows through Lake Diefenbaker further reduces the seasonal variation. The average
low flow downstream of the lake is 60 percent of the annual average and the average high flow month
is only 160 percent of the annual average.

6. Downstream of Lake Diefenbaker the flow pattern has been reversed in most years. The winter flows
are usually higher than the summer flows. Figure 7 shows the mean moathly flow pattemn.
2 In very wet years, all the uses and water controls cannot fully manage flood flows. Summer floods
will still occur.
324 Future Flow Regime

Alberta is presently in the process of developing additional works to store water, regulate the flow of the rivers and expand
itrigation development. It is anticipated that the rate of water development growth in Alberta will slow in the future. The
existing users experience shortages in drought years, therefore, the potential for economically viable additional projects
is limited. The government of Alberta has adopted a policy which will limit developments 1o the projects that are currently
planned. Alberta Environment has completed modelling of their portion of the river basin, including these anticipated
developments. The resuits of this modelling, designated run number OD0S, were used in the Saskatchewan study as an
indication of the long-term future (year 2020), upstream flow conditions.

An estimate of the short-term (year 2000) conditions was generated by interpolation between the current conditions and
the long-term conditions.

Although development of water use projects beyond those envisioned in the long-term would require storage or water use
strategies that are presently not economical, in the far-future (well past the year 2020) water developments might reach
the point where Alberta uses its full share of the watcr under the Master Agreement on Apportionment or 50 percent of
the natural flow. Since the Master Agreement indicates 50 percent of the natural flow must be passed to Saskatchewan,
that is the absolute upper limit of Alberta water development. The Master Agreement specifies an annual sharing,
therefore the ultimate development flows are not simply the monthly natural flows divided by two but rather ailowance
must be made for storage and scasonal variations in use.

An estimate of the far-future flows into Saskatchewan which reflects a pattern of seasonal water use and storage in Alberta
similar to present trends was developed.

Appendix C lists detailed flow arrays for short-term (year 2000), long-term (year 2020) and far-future conditions.
Tables 9, 10, and 11 summarize these flow patierns.

Comparison of Tables 5, 7, 9, and 10 provides the following insights:

1. Alberta developments are expected to consume an increasing portion of the aatural flow with time.
On average, Saskatchewan will receive about 70 percent of the natural flow in the short-term and
about &7 percent of the natural flow in the long-term.

2 The seasonal variability of the flow arriving from Alberta will tend to reduce with time as future
projects utilize the high summer flows.

One of the purposes of the study was to gencrate information which will assist Saskatchewan in determining how the water
resources available might be used in the future. Flow patterns downstream of Lake Diefenbaker will depend on future
decisions regarding operation which are discussed in the South Saskatchewan River Basin Study Framework Plan Technical
Appendix.

3 FLOOD HYDROLOGY
Although the major water management concern for the South Saskatchewan River is the quantity of water available for

use, in occasional wet years there are damaging floods. Optimum management must inctude consideration of both flood
and drought management.
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As one component of the Canada-Saskatchewan Flood Damage Reduction Program, Sask Water completed a detailed study
of the flood potential of the South Saskatchewan River in 1983, The study included detailed analysis of the flood peak
potential of the river upstream of Lake Diefenbaker and downstream of the lake, with allowance for operation of the lake
as it was operated in 1983.

Gardiner Dam is one of the largest earth-fill dams in the world. The immense size of the dam and the volume of water
impounded by it, have resuited in slow structural adjustments within the foundation. When the dam was built, instruments
were installed in the foundation and embankment to measure movements. During its early ycars of operation, the
engineering consultants and staff of PFRA considered it prudent to limit the rate of filling of the rescrvoir each year as
a precaution against damaging the structure. By 1985, the results of the monitoring showed that the foundation conditions
were stabilizing and the rate of fill precavtions could be relaxed.

The 1983 study results allowed for the rate of rise limits which were in place prior to 1985. The flood attenuation potential
of the project was significantly improved after the rate of rise limits were removed in 1985. Therefore, the reservoir flood
routing component of the flood hydrology was recalculated 2s a part of the South Saskatchcwan River Basin Study.

The major fioods on the South Saskatchewan River oceur as a resuit of high snowmelt and rainfail runoff coinciding in late
May and June. The elevation of Lake Diefenbaker in mid May at the start of a flood will determine the flood storage
available, which will influence the amount of possible flood control. The historic lake levels for May 15 were reviewed.
The lakz has generally been above 549.5 m on May 13, the average May 15 clcvation has been about 551.3 m and the high
May 15 clevation was about 553.05 m. All three starting elevations were cvaluated. The highest clevation, 553.05 m, which
results in the highest flood potential downstream, was used to generate the flood potential estimate in Table 12. Figure 8
illustrates the flood potentiai for all starting elevations.

In the future, Lake Diefenbaker might be operated at a higher level than in the past. The flood peak potential for a
May 15 level of 554.05 m was therefore also considered. The flood peak potential would be increased as a result of this
higher operation, as shown in Table 12. In extreme floods, the difference is only about one percent but in the more
frequent floods the difference could be as much as 10 percent or more.

In addition to evaluating the spring and early summer floods, the potential for summer floods in July, August and
September was also cvaluated. Although the flood potential later in the year is smailer than in May and June because the
snowmelt component is reduced and the frequency and severity of extreme rains is less, these late floods present a special
management concem. Lake Diefenbaker is normally filled by the early flows and has limited flood storage capacity in the
late summer.

Tt was found that severe floods after July 1 are rare with only eight having occurred in 77 years. Flood peaks and volumes
were found to be much smaller than those in May and June.

The late summer fioods were also routed through Lake Diefenbaker to determine the routing effect at the higher
elevations. Figures 9 and 10 show the late summer flood potential.

34 RIVER SYSTEM OFERATION

On the Saskatchewan portion of the South Saskatchewan River there is only one project which provides significant
opportunity 1o control the rates of flow and water levels. This is the South Saskatchewan River Project, which includes
Gardiner Dam, the Qu’Appelle River Dam and appurtenant works. They form a large water storage reservoir at Lake
Diefenbaker which substantially changes the seasonal flow pattem of the river downstream.

341 South River

The South Saskatchewan River Project was built by PFRA under a cost-sharing agreement between Canada and
Saskatchewan. The two major components of the project were construction of the Gardiner and Qu’Appelle River dams.
The Gardiner Dam closed off the South Saskatchewan River Valley and raised the water level in it. The Qu’Appelle River
Dam was necessary to prevent the water of the South Saskatchewan River from spilling down the Qu'Appelle River Valley
because the two valleys are connected. Figure 11 shows the location of these dams and the resulting reservoir, named

Lake Diefenbaker. )

Gardiner Dam has an carth-fill embankment, a gate controlled concrete chute spiliway and five concrete tined gated tunnel

outlets. Three of the five tunnel cutlets have been developed as peastocks which provide water to the Coteau Creek
Generating Station, Table 13 lists the main dimensions of Gardiner Dam.

33



DAILY MEAN FLOOD PEAK POTENTIAL SOUTH SASKATCHEWAN RIVER
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Height 4 m
Length 5000 m
Width at Base 1600 m
Volume of Embankment 65 000 000 m®
Volume of Excavation

Volume of Concrete

Volume of Rip Rap

Full Supply Level

pply Level
Sy

Length of Chute

Length of Crest 161 m
Discharge Capacity 7500 m'fs
Spiltway Crest Level 54864 m

Number of Tunaels 5
Average Length 1320m
Diameter 61m
Inlet Elevation

Number of Turbines

Total Rated Capacity

Area at Full Supply Level 43 000 ha
Totat Storage 9 400 000 dam?
Usable Storage 4 000 000 dam’
Length of Shoreline 760 km
Length of Reservoir 225 km
Depth at Dam 58m

Upstream of Gardiner Dam

135 500 km®
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The Qu’Appeile River Dam is aiso an earth-fill embankment but it does not have any spillway because all flood flows are
intended to be released at Gardiner Dam. A gated concrete outlet conduit permits controiled releases to the Qu’Appelle
River which are recorded at the hydrometric station known as the Elbow Diversion Structure. Table 14 lists the main
dimensions of the Qu'Appelle River Dam.

Construction of the project was started in 1958. By the fail of 1964, sufficient progress had been made that the flow of
the river at Gardiner Dam was closed and the water was diverted to the diversion tunaeis. The reservoir was filied during
the period 1965 to 1968 as construction on the dam progressed. Figure 12 shows the recorded water levels of Lake
Diefenbaker from 1965 to 1989. The first hydro.clectric power was generated in the fall of 1968 and the project was
officially certified as complete on April 1, 1969 when it was turned over to the provincial government.

The project design establishes certain physical limitations on operation. The water level of Lake Dicfenbaker must not
exceed the full supply level (FSL) of 55687 m asl and must not drop below 544.98 m. Water Jevels outside these limits
might permanently damage the dams. In order to use the energy of the water, it is desirable that water released from
Gardiner Dam be released through the power station. The maximum capacity of the power station varies from 370 to
400 m’/s, depending on the water level. By operating only one of the three power turbines, lesser flows can be released.
The pawer turbines begin to function inefficiently at flows below about 50 m?/s. Releases to the Qu’Appelle River can
be controlled at rates from 0 to 68 m’/s. Actual releases to the Qu'Appelle River have been limited by channei capacity
to about 11 m?/s or less.

342 JForcoagting

Operation of Lake Diefenbaker requires estimates of future water supplies and demands. The demands are well
established through the licensing of water uses and policies which specify flow objectives. Details of the water demands
are documented in the South Saskatchewan River Basin Study Water Use Technical Appendix.

The water supply can be highly variable so the system operators cannot be certain of the exact long-term water supply that
will occur in the future. However, the operators do have a substantial amount of information that can be appiied to
forecasting water supply.

3421 Water Supply Probabilities. Assuming that past climatic conditions are a reasonable indication of future
conditions, the historic natural flows listed in Appendix C and summarized in Tables 5 and 6 provide the long-term
probability of runoff. Afier adjustment for known and projected water uses, the historic data provides the basis for
evaluating the long-term water supply probabilities. Using these fiows and a water balance model, the operators can test
alternative operating scenarios to determine the best balance among operating patterns over the long-term.

For example, the operators must balance the benefits in terms of improved recreation on Lake Diefenbaker, lower
irrigation pumping costs and higher operating head on the power turbines that can be obtained by keeping
Lake Diefenbaker at a high elevation all year against the loss of flood control and loss of power generation due 10 spitlage
that would result from the reduced usable storage capacity. Using a computer model and 75 years of data, many scenarios
can be modelled to provide the operators with a wide range of operating experience to establish the general operating
pattern of the project.

422 Scasonal Water Supply Foreeasis. Certain aspects of the hydrology of the South Saskatchewan River
Basin permit the operators of the system to project flows over periods several months into the future with greater accuracy

than simply using the historic normals.

A large portion of spring and ¢arly summer runoff originates as mountain snowpack. Using precipitation measurements
and snow surveys from the mountain headwaters and comparing the data to measurements and runoff of pxewous years,
it is possible to estimate the probable magnitude of the snowmelt season runoff. The quantity of snow is not the only
determinant of the spring and early summer flows. The rate of melt and precipitation during the runoff season also affect
runoff. Therefore, the seasonal forccasts are used to project a probable range of flows rather than the specific flows.

The flow of the river at any time is a direct indication of the quantity of water in storage in the river upstream and, to some
extent, the quantity of water in storage in the ground water system. There is a strong teadency for high flow periods to
be followed by high flows as water comes out of storage. Table 15 summarizes the lincar arithmetic serial correlation of
the monthly natural flows of the South Saskatchewan River,
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TABLE 14 QU'APPELLE RIVER DAM DIMENSIONS
Height 27m
Length 3300 m
Width at Base 380 m
Volume of Embankment 10 600 00 m*
Volume of Excavation 12 200 000 m*
Volume of Concrete 8 400 m®
Volume of Rip Rap 215 000 m*
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The strongest serial correlation of natural flows of subsequent months occurs from late summer through winter when all
of the flow is the resuit of cutflow from storage. The weakest serial correlation occurs in spring when the runoff is
changing rapidly in response to snowmelt and rainfall. The serial correlation can provide some indication of runoff from
one month to the next.

Each month SaskWater develops a projection for the following season and project the suitable operation of
Lake Diefenbaker.

3423 Short-term Porecasts. It takes as much as eight days for water to flow from the headwater area to
Lake Dicfenbaker. In high flow periods the travel time reduces to about six days. The Sask Water Forecast Centre
receives daily water flow measurements from hydrometric stations in Alberta and calculates the flow that will arrive at the
lake in the next few days from that data. In addition to the upstream flows, the rate of recession is also known so the
minimum flow projection can extend beyond a week, A weekly forecast of daily flows is produced covering a ten day
period. In extreme events, the daily flow projection is updated each day or as accessary.

343 JTypical Operation Patterns

Whenever the water supply permits, an attempt is made to have Lake Diefenbaker full in the autumn. This operation
provides the maximum water supply for winter hydro-electric generation and the maximum head for the generating
turbines. Through the peak power demand months of December, January and February the lake level drops because of

power generation.

By late February, information on the snow accumulation in the headwaters permits preliminary estimates of the spring
runoff. If heavy snow accurnulations are in place, the high release rates are continued through late February and March
10 evacuate storage so the anticipated high runoff can be better utilized. If snow is light, the March releases are reduced
in order to retain the remaining water as a hedge against potential drought.

The lowest lake levels generally occur around April 1, then, as the spring snowmelt causes increasing inflows, the lake
begins 10 fill. The rate of filling must be timed to balance the risk of heavy rains and flooding against the risk of iow
rainfail and failure to fill the lake. In addition to obtaining desirable lake levels, the operation must provide for adequate
but not excessive flows downstream. Flows in the 60 to 150 m?/s range are preferred. In drought years flows as low as
425 m*/s arc permitted but are avoided when possible. In flood years higher flows become necessary if the storage is
inadequate to provide desirable flood attenuation.

s SEDIMENT

The South Saskatchewan River carries a substantial quantity of scdiment into Saskatchewan. The sediment enters the river
mainly in the western plains area of Alberta where the fine grained soils are readily erodibie and runoff volumes are
sufficient to erode the soils. In castern Alberta and Saskatchewan, the soils are erodible but runoff rates are too low to
cause major erosion. The Red Deer River tends to carry a larger sediment load in relation to the flow than the South
Saskatchewan River.

The sediment load tends to be greatest during periods of high flow when overland runoff and high channel velocities oocur.
During low-flow periods, when much of the flow is from ground water, the sediment load is light. Additional variation
arises as a resuit of seasonal influences. Rainfall runoff from the prairi¢ tends to carry more sediment than snowmelt
runoff in the mountains. The annual suspended sediment load reaching Saskatchewan averages about 6 100 000 tonnes
and varies from 2 000 009 to 10 000 000 tonnes. In Saskatchewan, the smail local inflows add modestly to the suspended
sediment load and sediment which rolls along the bed of the river, which is not measured, also contributes to this load.
These sources likely add less than 10 percent. The total average sediment inflow to Lake Dicfenbaker averages about
6 700 000 tonnes per year.

Lake Diefenbaker is a very efficient sediment trap. Its volume exceeds the average annual flow of the river 50 its retention
time exceeds one year. No sediment reaches the outlet at Gardiner Dam. Suspended sediment sampling at the outlet of
the lake confirms that no sediment is passing through the lake.

Sediment in lakes tends to settle to a maximum density of about 1 000 kg/m®. The sediment reaching Lake Diefenbaker
is deplcting the storage by about 6 700 dam’® per year, on average. At this rate, over a period of about 1 400 years, the
total storage of Lake Diefenbaker would be filled. The actual filling may be even slower since inflows are anticipated to
be reduced by upstream developments and additional Alberta reservoirs may further reduce the sediment load.
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Downstream of Lake Diefenbakert, the water has a substantially stronger crosion potential because of its lack of suspended
material. This clear water is slowly eroding the river channel. However, the sandy bottom resists crosion and the lack of
high flood flows reduces the erosion. The river bed immediately downstream of Gardiner Dam has dropped more than
2 m as a resuit of this scour by the clcar water relcases. It has been estimated that the river bed could erode as much as
7 m over a period of hundreds of years. Most of the scour is occurring in the first few kilometres downstream of the dam.

Between the dam and Saskatoon the river regains less than five percent of sediment load carried abowe Lake Diefenbaker.

The section of the river from the Alberta-Saskatchewan border to Saskatoon has a deep ailuvial sand and gravel bottom.
Downstream of Saskatoon, the river has thin alluvial bottom over local glacial till. The river is naturally quite active as
a result of its generally erodible bed and, as 4 result, man-made structures along the river can encounter problems that
can only be avoided by careful planning and design.
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40 SWIFT CURRENT CREEK
41 DEVELOPMENT HISTORY

From the late 1800s to the present, the water of Swift Current Creek has been progressively diverted to human uses. In
the carly years, most of the use was for individually developed private irrigation, stock watering and municipal uses along
the creek and its tributaries. In 1942, PFRA compicted the Duncairn Dam forming Duncairn Reserwoir and began
development of a comprehensive system of canals and reservoirs which serve group and individual irrigation projects in
the Swift Current Creek Basin and in the adjacent Rushlake Creek Basin. In addition to serving irrigation development,
the creck provides municipal water for the city of Swift Current and other smaller communities. Several of the water
bodies provide fish, wildlife and recreation opportunities.

Swift Current Creck is the largest tributary to the South Saskatchewan River in Saskatchewan but its average flow of about
one percent of the total river flow has never been considered critical to the management of the South Saskatchewan River.
The flow of Swift Current Creek has traditionally been managed as an independent unit.

Rushlake Creek is a small stream that runs roughly parallel to Swift Current Creek about 1S km to the east. Rushlake
Creck drains to a marshy area known as Rush Lake. Rush Lake drains through Lizard Creck to Reed Lake. Reed Lake
is a shallow closed lake with evaporation the only outlet. If conditions were ever wet enough to fill Reed Lake, outflow
would occur 1o the east through Chaplin Lake to Old Wives Lake. Although this drainage basin is not part of the Swift
Current Creek Basin, its water management is intimately tied to Swift Current Creek by an integrated system of canals and
reservoirs. Therefore, the combined basin is commonly referred to as the Swift Current Creek Basin.

The combined basin covers nearly 5 000 km? of area as shown on Figurc 13. There are a total of 1 042 water use projects
in the drainage basin as summarized in Table 16. This list includes all of the irrigation, domestic and other uses. The main
use of watcr is for irrigation with the city of Swift Current being the other large user. There arc a large number of
domestic projects, mainly stock watering ponds, but their combined use is small. The five largest reservoirs in the Basin
are listed in Table 17. Duncairn, Highfield and Herbert reservoirs are operated by PFRA as part of the water management
system. Swift Current Rescrvoir is operated jointty by PFRA, as the head pond for the diversion canal to Rushlake Creck,
and by the city of Swift Current, as a raw water source. Lac Pelletier is a natural lake that has been raised about 1 m by
a control dam that is operated by a Regional Park. Because all of the available water in many low flow years is committed
to existing uses, additional development of irrigation has not been permitted in recent years.

42 WATER SUPPLY HYDROLOGY

421 Natural Flows

PFRA completed a detailed study of water supplies in the Swift Current Creek Basin in 1984 for which the natural flows
for the period 1911 to 1981 were calculated. The calculations were completed using the project depletion method in which
the recorded flows were adjusted for the upstream water uses and reicases from storage. The PFRA calculations were
updated 10 1989 using data up to 1986. The three main steps were as follows:

L Recorded flows were adjusted by computing the volume of water stored, diverted and lost to
evaporation upstream of the hydrometric station within each month.

2. Because Swift Current Creek flows vary sharply from month to month, a significant error can be
introduced due to the travel time from upstream to downstream stations. Therefore a transfer factor
was used to account for the travel time between Duncairn Reservoir and Swift Current, (2.75 days),
and between Swift Current and the mouth of Swift Current Creek, {1.63 days), based on average
travel times.

3 The first two steps only considered the major diversion and storage works. A less detailed adjustment
for the many minor projects was completed. It was assomed that the minor projects control a
consistent portion of the drainage basin. As long as the runoff from that portion of the basin
exceeded the minor uses, they were assumed to use their fuil ailotment. If less runoff was available,
they would use all of the flow. Calculated monthly water uses for the minor vses were added to the
partially naturalized flows calculated above to obtain the final natural flow.
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FIGURE 13

SWIFT CURRENT CREEK AND RUSH LAKE DRAINAGE BASIN
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Pelletier Creek 9 45 1835
Local Drainage Area from Duncaim 59 488 1563
Reservoir to Swift Current
From Swift Current Creek between 10 129 393
Duncairn Reservoir and Swift Current
From Swift Current Reservoir 2 27 83
City of Swift Current 1 - 5 867
Swift Current Efftuent 10 217 663
From Swift Current Creck 48 1 466 4677
Downstream of Swift Current
Local Drainage Arcas Downstream of 106 304 1104
Swift Current
Swift Current Diversion Canal 8 242 235
Upstream of Highfield Reservoir 2 61 152
From Highfield Reservoir 3 123 3287
Local Drainage Arca Below Highfieid 16 14 M
Reservoir
From Canal and Creck Below 16 558 1697
Highfield Reservoir
From Herbert Canal and Reservoir 7 167 508
Reed Lake Drainage Area 178 873 453
Lizard Creck Drainage Area 3 49 277
From Lizard Cresk 4 368 1109
TOTAL 1042 B 698 e
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After the recorded flows were naturalized at the main hydrometric stations, estimates of flows at other study points in the
drainage basin were estimated based on the drainage areas. The estimated natural flows for points in the Swift Current
Creek Basin are listed in Appendix C. Table 18 and Table 19 summarize the natural water supply of Swift Current Creck
and Rushlake Creck.

422 Current Cogditiong

Man-made projects in the Swift Current Creck Basin substantially alter the natural flow regime. In order to define how
the flows might be expected to vary under existing conditions, the Water Resource Management Model was used to adjust
the naturai flows over the study period by the quantity of water that is currently being used or stored. The resulting flow
and water level arrays are detailed in Appendix C. Tables 20 and 21 summarize the flow pattems.

43 FLOOD HYDROLOGY

431 JIntroduction

The city of Swift Current is located on Swift Current Creek. The city has occasionally experienced flood problems. The
drainage area upstream of the city is 3 200 km® of which 2 300 km* is effective in contributing flow to the creek. Duncairn
Reservoir capturcs runoff from about 75 percent of this drainage basin. Duncairn Reservoir controis the flow of Swift
Current Creck most years but in very wet years floods still occur.

Serious flood damages occurred during a major flood in 1952, the largest flood recorded in this basin. The city was on
flood alert for two weeks with 139 families evacuated from the floodplain. The flood severcly damaged Duncaim Dam,
washing out the spillway chute and stilling basin. An emergency spillway channel was excavated to protect the main dam
embankment from overtopping.

‘The peak inflow to Duncairn Reservoir was 182 m*/s on April 16, 1952. Duncaim Reservoir captured the early runoff and
a portion of the peak cutflow. The peak of the flooding at the city of Swift Current resulted from local runoff arising
downstream of Duncairn Reservoir which produced a peak flow of 167 m’/s on April 12. Based on studies compieted in
1981, PFRA estimated that the flood peak would have been about 244 m’/s under natura] conditions.

432 Flood Hydrology Stodies

As a component of the Canada/Saskatchewan Flood Damage Reduction Program (FDRP), the PFRA Hydrology Division
completed a study of the flood hydrology of Swift Current Creck in 1981. This study was based on a 67 year historic record
of flows in the drainage basin. No large floods have occurred since this study was completed. As part of a dam safety
evaluation, PFRA reviewed the flood potential estimate in 1988 and concluded that it was still valid. Therefore, the results
have been accepted for the South Saskatchewan River Basin Study.

Because Duncaitn Reservoir has a major influence on the flood hydrology, the study analyzed the flows in two components:
upstream and downstream of Duncairn Reservoir. The flood hydrographs of the two components were calculated and
combined by a stream routing computer model.

Duncairn Rescrvoir is primarily a water supply reservoir but flood reduction is also considered in its operation. The
following objectives are used in planning Duncairn Reservoir operation during the spring runoff period:

1 Fitl Duncairn Reservoir to FSL if possible to provide for its primary water suppiy function.
2 Do not surcharge above elevation 808.63 m (0.91 m above FSL) in order to provide freeboard below
the top of the dam for wave action. The top of the dam is at 810.16 m with a low section of the
spillway at 809.24 m.
3 When possible, limit flows at Swift Current to 85 m?/s.
51
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The flood routing at Duncaim Reservoir was completed based on the following operating ruies:

1 The starting clevation was assumed to be 897.67 m, the average level based on records for the period
1971-79.

2. No release was assumed vntil Duncaim Reservoir filled to 806.2 m.

kN When the level of Duncaira Reservoir reaches clevation 806.2 m, determine the appropriate release
pattern based on either &) or b).

a) if inflow is greater than 57 m’/s and increasing (reservoir rising faster than 18 cm/12 hr) then
release 28 m®/s until the lake reaches FSL or stops rising. If the water level stops rising, the
release would be stopped until the lake is full, then resumed to hoid the lake at FSL.

b) if inflow is less than 57 m®/s (rescrvoir is rising lower than 18 em/12 hrs) or if inflow is
decreasing, then no water would be reicased until the lake is full.

4. When the level exceeds FSL but is below the maximum safe surcharge level of 808.63 m, the rclcasc
would be 85 m?/s until the lake returns to FSL.

5. If the lake reaches 808.63 m, the outflow would equal inflow to insure the safety of the dam.

Routing results for Duncairn Reservoir are summarized in Table 22.

The Duncairn Dam releases were routed downstream and combined with the local inflows arising betow the dam to
estimate the flood potential at Swift Current as summarized in Table 23.

Duncairn Reservoir controls floods up to the 1:50 year event. Even in the larger events, the lake reduces the flow during
the early part of the runoff so that the flood peak is substantially reduced. The jocal runoff flood which cannot be
controlled at Duncairn Reservoir contributes most of the regulated flood crest.

433 Hydmulic and Damage Potential Studies

As part of the Canada/Saskatchewan Flood Damage Reduction Program, PFRA calculated backwater profiles through the
city of Swift Current for the estimated 1:10 to 1:509 year floods.

Based on these flood levels an inventory of the potentially damaged property in Swift Current and an estimate of the
damage potential was derived for the Flood Damage Reduction Program.

A total of 263 homes and 12 commercial, industrial and institutional buildings could be affected by the 1:500 year flood.
The potential damage in moderate floods is not large but the damage could be severe in extreme floods. Tables 24, 25
and Figure 13 summarize the damage potential.

The average annual flood damage potential has been reduced by about 40 percent as a result of Duncairn Reservoir. Since
these values were based on 8 1981 inventory, the damage potential would now be somewhat higher due to inflation but the
relative values are comparable since no new development has been permitted in the flood plain in recent years.

434 Jousible Flood Contyol Operation

The potential for additional flood control using Duncairn Reservoir is very limited. For the 1:10, 1:50 and 1:100 year
floods, the local runoff from downstream of Duncaim Reservoir causes the flood peak. Therefore, additionai flood control
operation at Duncairn Reservoir would not improve the flood levels significantly. In the 1:500 year fiood, the volume of
runoff exceeds the capacity of Duncaim Reservoir and the operation of the dam must ensure its safety.

P93 ¢33 8

R e S UE N R W B am S =3 B9 % 2 k2



154

e ¥ 62T 0051
oz £61 ot 0oLt
34 €51 6ET 0s'l
el e (4 ot
(s/cw) (s/cw) (s/cw)
TVANLYN GALVINDHY AV VOO ALnavaoud

€9'508 0 Lz Lz 15C o9 16l 005°1
€908 6 ¥LE 161 tLl 006 1€1 0013
15908 v 8 651 i 009 601 051
s oL 74 €6 ¥8 009 £9 ot
wis 88 8 89 19 00 S¥ b §

-
ONLINCA GO0 RIOANHSHYE NHIVONNA

L. 2

i.2

L

i




CITY OF SWIFT CURRENT FLOOD
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44 OPERATION

Swift Current Creek Basin developments include simple single purpose projects and a complex, multipurpose diversion
system.

The simplest projects are the many stock watering and small irrigation projects aiong the headwaters of tributary streams.
These projects consist of excavated dugouts, dykes or small dams which capture the runoff as it occurs. In general, these
projects are upstream of the major storage reservoirs and they rely upon the runoff from a small local area cach spring
to meet the uses for the year.

Lac Pelletier is one of the largest water bodies in the basin but it requires littie operation. This lake was a natural pond.
The control dam is a low dyke which was built 1o raise the lake about 1 m above its natural levei to enhance its recreation
value. The dam requires very little operation since all of the outflow occurs through an overflow spillway.

Duncaim Reservoir, which was created by construction of Duncairn Dam by PFRA in 1942, is the largest reservoir in the
basin with a total storage capacity of 103 000 dam®. This reservoir was built to capture the runoff during high flow periods
in order to make water available in dry periods. The reservoir helps to improve the water supply in two ways. The natural
fow regime provides most of the runoff in the spring snowmelt season and very little water in the rest of the year. The
reservoir captures the spring flows and permits controlled releases to mect needs in the rest of the year. The natural flow
regime provides variable amounts of water from one year to the next. The reservoir can store water in wet years for

subsequent use in dry years.

Duncaim Dam was designed to store water to a maximum elevation of 807.72 m asl corresponding to a voiume of
103 000 dam®, It is possible to surcharge the lake to 808.63 m for a brief period for flood control but it cannot be heid
at this surcharged level for long periods. Therefore, for water supply purposes, the lake has a maximum capacity of
103 000 dam’,

Some water is withdrawn from Duncaim Reservoir by pumps to irrigate 947 ha of land. Water is also released from the
lake through Duncaimn Dam to flow down Swift Current Creek. The reicased water provides supply to 1622 ha of irrigated
land along the creek between Duncairn Dam and Lake Diefenbaker; municipal water for the city of Swift Current; and
water for diversion via the Swift Current Canal to irrigation projects east of Swift Current.

In addition to meeting these consumptive water uses, Duncaim Reservoir is a significant local recreation lake and waterfowt
staging arca and it supports a sport fishery.

In order to protect the fishery and recreation and to rescrve sufficient water for the city of Swift Current, no withdrawal
of water from Duncaim Reservoir for irrigation is permitted if the lake is lower than elevation 803.72 m. This resetves
a volume of 52 000 dam?’ of water.

The city of Swift Current is the largest demand on Duncaim Reservoir after irrigation. The city demand has averaged
3 159 dam® in recent years and in order to provide for future city growth, 5 867 dam’ of water per year has been reserved
for the city. The city water is delivered from Duncaim Reservoir by releases from Duncairn Dam. The water flows down
Swift Current Creek to the Swift Current Reservoir. In order to ensure that sufficient water reaches the city reservoir,
extra water must be released to provide for channel losses. In winter, from November 1 to February 28, a release rate of
0.566 m*/s is required to keep a live flow under the ice. The total winter release is about 5 900 dam’ to meet a net use
of about 1 000 dam”. In summer, the city release is commonly a part of the irrigation release but in periods when no
irrigation release is needed, the minimum release is kept at 0.283 m*/s, which is over twice the city use in order to ensure
the city needs are met. :

Since 1977, the city of Swift Current treated cffluent has been used entirely for irrigation. No effluent releases arc
currently made to Swift Current Creek.

In addition to being the supply point for the city of Swift Current, the Swift Current Reservoir is the turmm-out from
Swift Current Creck to the Swift Current Main Canal. This canal can transpost up to 5.1 m*/s of flow which originated
at Duncairn Reservoir on Swift Curreat Creek for irrigation and other uses.

The Swift Current Main Canal provides water to the Waldeck Group Irrigation Project which is within the Swift Current
Creek Basin. Farther cast, the canal delivers water to Highfield Reservoir to supplement the local runoff from Rushlake
Creck. Highficld Reservoir has a storage capacity of about 15 000 dam? which is used to supply water to irrigation projects
by releases to Rushlake Creek and the Herbert Canal. The Herbert Canal also delivers water to Herbert Reservoir which
provides an additional 2 600 dam” of storage capacity for irrigation and for the municipal supply to the town of Herbert.
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In most years, there is sufficient runoff to supply all of the existing water uses but occasionally the supply is inadequate.
In years when the supply is inadequate, water may be withdrawn from storage if the reservoirs are high to overcome the
shortage. In about onc-quarter of the years, the supply is inadequate and there is insufficient water in the reservoirs to
make up the shortage. In these very dry years, the supply is rationed among the users in order to provide some production
to all users and to protect the forage crops from root damage which could reduce subsequent crops.

45 SEDIMENT
Swift Current Creek is in a geologically young region with naturaily crodible soils. The creek is slowly eroding its valley.

The rate of erosion is highty dependant on the rate of flow, which is relatively small on average. The volume of soil moved
is, therefore, not rapidly changing the topography. Based on suspended sediment measurcments from 1965 to 1972, the
average annual sediment toad on Swift Curreat Creek ncar the mouth was about 59 000 tonnes per year, and it varied from
about 1 000 to 153 000 tonnes per year.

The upstream portion of Swift Current Creek is controlled by Duncaim Reservoir and other reservoirs which trap the
upstream sediment. The sediment reaching the downstream end of the creek arises from erosion downstream of Duncairn
Reservoir. Assuming that the upstream basin produces as much sediment per km? as the downstream basin, it would take
over 1 000 years to fill Duncairn Reservoir with sediment.
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50 SASKATOON SOUTHEAST WATER SUPPLY (SSEWS)

51 DEVELOPMENT HISTORY

As construction of Gardiner Dam neared completion and Lake Diefenbaker filled in the mid and late 1960s, the Province
of Saskatchewan developed works to permit the diversion of water from the lake for uses to the northeast. The works were
originally developed by the Department of Agriculture which built the Fast Side Pumping Station, the Main Canal and
Broderick Reservoir to serve the South Saskatchewan River Irrigation District (SSRID) near Outlook. The Saskatchewan
Water Supply Board built the canal and reservoirs downstream of Broderick Reservoir to serve additional irrigation,
waterfowl, municipal and industrial water uses. The downstream system was originally known as the Saskatoon Southeast
Water Supply system or SSEWS. In 1984, the agencies responsible for the two systems were consolidated in Sask Water.
For this appendix, the entire diversion scheme is referred to as the SSEWS system. Figure 15 shows the SSEWS system.

52 PROJECT DESCRIPTION
521 East Side Pump Station

The East Side Pump Station is located on the cast end of Gardiner Dam. The pump station draws water from
Lake Diefenbaker and lifts the water about 13 m above the full ievel of the lake to a canal. The pump station has four
pumps with sufficient capacity to fully supply the canai pius reserve capacity in case a pump fails.

522 Main Canad (M1

The first 23 km of canal downstream of the East Side Pump Station has a maximum capacity of 144 m’/s. This canal
carrics water to Broderick Reservoir and about one-third of the South Saskatchewan River Irrigation District draws water
directly from the canal. Broderick Reservoir is the source of supply for about two-thirds of the South Saskatchewan River
Irrigation District and the town of Broderick.

Broderick Reservoir was also developed to cushion the effect of peak demands so that the East Side Pump Station and
M1 Canal could be designed with a capacity smaller than the instantancous peak demand. The reservoir has a total
capacity of about 16 400 dam®. The upper limit of operation is at elevation 563.88 m based on the height of the dart and
dykes that form the reservoir. The minimum operating level is $59.62 m. At this level the outlet structure to the east
begins to lose capacity. The usable storage capacity is 14 000 dam’. Broderick Reservoir is not located on a natural stream.
There is little naturat runoff to this reservoir.

Because this reservoir fluctuates over a wide range to serve its primary water supply purpose, no shoreline recreation
development has been permitted and no stocking of fish has occurred. There is modest local use of the reservoir for fishing
and recreation when conditions permit.

523 M2 Capal

The M2 Cangl receives water from a control structure near the west end of Broderick Reservoir and serves the northern
portion of the South Saskatchewan River Irrigation District. The canal has a capacity of 11.9 m*/s.

524 South Saskatchewan River Irrigation District

The South Saskatchewan River Irrigation District is a local authority established to manage the operation of the common
works of the irrigators in the district. The operation is managed by an elected board that hires staff to carry out the work
required to operate and maintain the canais, gates and drains for the district.

In 1986, there were 16 278 ha under irrigation in the district. About one-third is irrigated by gravity methods and two-
thirds by sprinklers. Most of the potential area is developed. There are about 5 300 ha at or nezr existing supply points
which could be added and an additional 6 000 ha within the district could be developed with additionai delivery systems.
The existing irrigated area was mostly developed from 1967 to 1982. The rate of new development in recent years has been
small.
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525 Broderick 10 Brightwater Canal

This canal receives water from Broderick Reservoir by controlled gravity release. It has a capacity of 6.8 m’/s at its
upstream end and 6.5 m?/s at the downstream end. This reach is 34.6 km in length. The canal foliows the natural contours
of the land to avoid deep cuts or fills. The canal provides water to irrigators within a strip about 3 km on each side of the
canal and delivers water to Brightwater Reservoir.

526 Duightwater Rescrvoir

The Brightwater Reservoir was created by damming Brightwater Creek. The reservoir allows water to move from one side
of the creek valley to the other and provides additional storage capacity to meet peak demands. The reservoir also permits
the integrated management of the aatural runoff on Brightwater Creek. It is a point of diversion for irrigation projects
near the reservoir and downstream on Brightwater Creek. Large waterfowl marshes in the Brightwater Croek Valley are
also supplied. A pipeline carrics water to the town of Hanley. The reservoir capacity is 8 000 dam’ with 2 300 dam® usable
for flow regulation. This reservoir has not been stocked with fish and has not been developed for recreation because of
its water supply function. A canal outlet on the east side of the valley carries water to the downstream supply system.

5217 Brightwater to Blackptrap Canal

This canal conveys water at a maximum capacity of 5.1 m*/s a distance of 15.4 km north to Blackstrap Lake. A few
irrigators draw water from the canal.

528 Biackptrap Lake

Blackstrap Lake was formed in a glacial valley by constructing two dams to isolate a 14 km reach of the valley. This natural
valley provides an opportunity to avoid construction of 14 km of canal; storage capacity for flow regulation and an
opportuaity for recreation development.

In addition to developing the lake, the province created two resort villages adjacent to the lake to encourage recreation
uses. The resort villages of Thode and Shiclds provide for scasonal use cottages and a few permanent residences. The
lake is operated within a narrow range of levels to improve its recreation capabilities. Fish have beer stocked in the lake
and fishing is an important recreation activity.

The lake has a total capacity of 61 650 dam® It is usually operated within 2 0.3 m range and its maximum design
fluctuation is about 1 m. The refatively large lake area provides a substantial storage volume in spite of its limited
operating range. The live storage capacity is 11 000 dam’.

Several irrigation projects draw water from Blackstrap Lake and there is potential for significant additional development.

529 Blackstrap to Zelma Canal
The canal downstream of Blackstrap Lake has a capacity of 2.8 m*/s. The canal serves scveral irrigators, waterfowl projects

and a diversion to Bradwell Reservoir. The canal extends 13.7 km to the Bradwell tumout where the capacity drops to
2.3 m?/s for the 30.6 km to Zelma Reservoir.

5210 Bradwell Reservoir

Bradwel] Reservoir is supplied by a tributary canal from the Blackstrap to Zelma Canal. It serves local irrigators and the
Allan Potash Mine. It has a total capacity of 4 600 dam® and live storage capacity of 2 200 dam®.

This reservoir is used for limited recreation activities but has no permanent facilities.



san Zcima Reservoir

Zelma Reservoir is located along the main canal route. Its total storage capacity is 14 500 dam? and § 900 dam? of storage
is available to meet peak demands of the downstream system, local irrigation and the Central Canada Potash Mine near
Colonsay.

5212 Zzima to Dellwood Caggl

From Zelma, the canal flows by gravity 14.7 km with a capacity of 1.4 m’/s to a point north of Watrous where water can
be diverted to Little Manitou Lake or lifted by pumping to a canal with a capacity of 0.7 m*/s that carries on 25.8 km to
Deliwood Reservoir.

5213 Littie Manitou [ake

Little Manitou Lake is a natural lake in a deep locai depression. The lake receives runoff from a small natural drainage
area and ground water discharge. There is no outflow from the lake except through evaporation, hence, the lake is highly
mineralized. The lake leve] varics with the balance of runoff and evaporation. In its natural state, the lake level fluctuated
widely. The availability of diverted water in dry years has climinated the extreme low lake levels and has helped to stabitize
the lake level.

At its optimum level of 494.39 m, the lake has an area of 1500 ha. The average annual evaporstion loss is about
7 500 dam®. On average, about balf of this loss is met by natural runoff and half by diversion water.

From the 1920s to the 1950, Little Manitou Lake was a popular resort area with a well known mineral spa. Although
recreation at the resort village of Little Manitou continued through the 1960s and 1970s, activity declined. There has been
substantial redevelopment of the mineral spa in recent ycars with successful re-cstablishment of the tourist industry.

Little Manitou Lake ix too highly mineralized for sport fish.

5214 Deliwood Rescrvoir

Dettwood Rescrvoir is at the downstream end of the canat system. [t was formed by damming Dellwood Brook. The
reservoir permits the integrated management of the canal flows and the aatural runoff. The reservoir has a total capacity
5 800 dam’ and a live storage capacity of 3 500 dam’.

The main users of Dellwood Reservoir are the communities of Guernsey and Lanigan and the Potash Corporation of
Saskatchewan Mine near Guernsey. These users are supplicd by pipeline from a pumpstation at Dellwood Raservoir,

Water can also be released through the dam where it flows by gravity to Last Mountain Lake.

53 WATER SUFPLY HYDROLOGY

The SSEWS system is a man-made supply system designed to carry water to users in an area of limited natural water
supplies. The main water supply source is the diversion of water from Lake Dicfenbaker but the system was designed to
conserve the modest natural inflows to the system reservoirs when they occur.

The naturat flows of the local streams which can be managed by SSEWS system are listed in Appendix C and summarized
in Table 26.

The natural runoff is an unreliable source of supply that is used when it is available to reduce pumping costs and to
minimize the total diversion quantity. The water developments in the SSEWS system must rely on the diverted supply in
low runoff years.

The canals of the system were not intended for winter operation. The longest reasonable season for their operation is
about five months. Table 27 summarizes the maximum diversion that could occur each. [t must be emphasized that these
are the theoretical upper limits of the system capacity which could only be met if demands oceurred uniformly for the six
month delivery periods or if large volumes of storage were available to hold the water for later use. The usable storage
of the system is summarized in Table 28,
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54 OPERATION

The SSEWS system is operated to meet a wide range of uses. The largest use is irrigation. Irrigation requires water from
May to September with peak demands from late June to early August. The largest irrigation concentration is near the
upstream end of the system in the SSRID but additional irrigation is scattered along the system. Evaporation from the
reseIvoirs removes a substantial quantity of water during the summer. Municipal and industrisl water use is gencrally
located downstream on the system. These uses are more uniformly spread over the year. Waterfowl projects require water
carly in the spring to provide nesting habitat.

Details on the quantity and timing of these water demands are provided in the South Saskatchewan River Basin Study
Water Use Technical Appendix.

Since all of these users were anticipated in the planning and development of this system, there bas beea little problem
meeting all needs. The main challenge in operation is to minimize the operating costs by taking advantage of local runoff,
minimizing ¢vaporation and channel losses and minimiziag pumping.
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61 DEVELOPMENT HISTORY

The study area includes a strip of local drainage area that zverages about 30 km along each side of the South Saskatchewan
River. This area gencrally slopes toward the river and is drained by many small tributaries. Large portions of the area
are not within the effective drainage arca of the South Saskatchewan River.

Because the runoff on these smail streams only occurs on an intermittent basis major investments in surface water use
development is impractical. Most of the development takes the form of small stock watering ponds and small irrigation
projects. There are a total of 393 registered water use projects in this tributary area, 752 upstream of Gardiner Dam and
141 downstream. The total licensed diversion is 9 6§75 dam® per year. The largest use is for irrigation. The total irrigated
area is 4 815 ha. Few of the irrigation projects exceed 50 ha in area because local runoff volumes are inadeguate for larger
projects.

62 WATER SUPPLY
The local runoff from the entire drainage basin in Saskatchewan represents about 1 percent of the natural water supply
of the South Saskatchewan River and is therefore insignificant to the management of the main river system. However,

within the drainage basin, this water is very important in providing water for stockwater and domestic water supplies, smail
irrigation projects and naturat and man-made ponds used by wildlife.
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70 GROUND WATER

As one component of the South Saskatchewan River Basin Study, a ground water study (SSRBS Technical Report C.3)
was completed. This chapter summarizes the results of that study.

71 DEVELOPMENT HISTORY

711 Background

Ground water resources are interrelated with the surface water rescurces in many ways but ground water management
requires special consideration because of the physical processes involved. Ground water originates as surface water which
percolates through the soil voids. Most of the water that enters the ground in the semiarid regions of southemn
Saskatchewan is gathered by the roots of plants and returned to the atmosphere through transpiration. A small fraction
of the water percolates past the root zone and becomes part of the ground water resource. Over thousands of years of
accumulating & very small part of the total precipitation, the soil voids become filled with water and the ground water
regime reaches a balance where the inflow in the form of percolated precipitation balances the outflow which includes flow
to the surface in low arcas and plant root extraction.

Because the voids in the soil are very small, the movement of water in the soil is resisted by large friction forces and is very
slow. Even relatively coarse soils only permit water to flow a few metres per year and the more common fine grained soils
of the study area result in movements measured in centimetres. This slow rate of movement results in characteristics of
the ground water resource which require very different management than surface water.

A small portion of the precipitation percolates into the ground everywhere and moves downward until it reaches the
saturated soil. The top of the saturated soil is commonly referred to as the water table. In response to the puil of gravity,
water flows from high areas toward low areas but the high friction in the s0il makes the rate of flow extremely slow so the
water table is not horizontal, like water surface above ground . The water table generally follows the topography except
that it is slightly deeper under hills and shallower in low areas. The water table is generally a suppressed reflection of the
surface topography. The water table, with a variable depth of saturated soil, it present throughout the study area.
However, the presence of saturated soil does aot necessarily assure a usable water supply. The finc grained soils that
dominate the study area have relatively little void space to hold water and the very tiny flow channels do not permit the
ground water movement of water cut of the soil. The only usable ground water i that contained in pockets of coarse
grained sands and gravels which are not common in the study area. These localized areas of relatively mobile ground water
are referred to as aquifers. Each aquifer is almost entirely independent of other water resources and therefore, requires
separate management. Ground water management is therefore not a basin wide activity like surface water. It is a local
activity, requiring information on the local aquifer conditions.

The very small portion of total precipitation that reaches the ground water regime and the very slow horizontal movement
of ground water results in relatively small quantities of usable ground water in any local area. As opposed to surface water
streams that accumulate water from large areas, ground water aquifers generally receive water oaly locally and any
movement from great distances is too slow to deliver large volumes of water. Where surface water management deals with
flows in cubic metres per second, ground water management usually deals with litres per minute; many orders of magnitude
smaller.

Although the rates of flow are small, ground water is generally a much more reliable source of water supply than surface
water. The water within an aquifer generally represents many years of relatively small inflows. The aquifer is a storage
reservoir and as long as outflows and pumped withdrawals from an aquifer do not exceed the long-term average recharge,
the aquifer will continue to provide water even during short-term drought periods. Deeper aquifers tend to provide greater
security of supply than shallow aquifers because they are less sensitive to short-term changes in the surface moisture
conditions. This subsurface water storage is not subject to evaporation losses as is the case with surface lakes or reservoirs.

As water moves through the soil, two changes affect the water's usefulness. The soil removes many undesirable impurities
from the water. By filtration and biologic and chemical processes, most of the organic material, bacteria and other
constituents of the water are removed, resulting in relatively good quality water for many uses. However, water also gains
dissolved minerals as it passes through the soil. Excess mineral content reduces the usefuiness of the water for some uses.

In spite of its limited quantity and its variable quality, ground water is a very important resource in the study area. Most

farms and small communitics depend on ground water for domestic and municipal supplies because of the lack of reliable
surface water supplies. For household uses, ground water is often ideal. It requires little or no treatment and the tendency
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to mineralization is only a problem in extreme cases. The rate of use is low and compatible with the slow movement of
ground water and the natural storage capacity of the aquifer protects the user from short-term drought.

Ground water is not generally used for large-scale irrigation. The quantity of supply at any location is inadequate and the
dissolved mincrals in ground water couid damage crops.

712 Lorpent Grownd Water Use

in the South Saskatchewan River Basin, the ground water resource is reiatively lightly used. The main uses are for
municipal water supply for towns and villages, and domestic water for houscholds and stock watering on farms. Under the
ground water licensing regulations, private wells for dontestic purposes are not registered. The ground water use for these
purposes was therefore estimated indirectly from livestock and population statistics. The larger wells used by municipalities
and industries are licensed and their water use was estimated from the water use records or from allocations. The ground
water use in the study arca was estimated to be approximately 23 000 dam® per year. About 13 300 dam® or 60 percent
of the use is for rural domestic purposes and the remainder is mainly municipal. About 13 000 dam® comes from major
aquifers and the rest comes from small aquifers. When compared to the basin area of 45 000 km?, this total use only
requires an average recharge of about 0.5 mm of water over the basin or less than 0.2 percent of the total precipitation.

The ground water use is not vaiformly distributed. The use tends to follow the pattern of the human population. The
two cities, Saskatoon and Swift Current, obtain their water from surface sources so they do not place a demand on the
ground water system but the fringe of population concentrated around the cities tends to result in concentrated ground
water development. Qther areas of concentrated use are located at the towns and villages that rely on the local ground
water. In some areas, the ground water use is at the limit of the local resource and increased demand will require the
transport of water over substantial distances.

72 WATER SUPPLY HYDROLOGY

721 Seeologic Conditions

In order to understand the ground water regime, it is useful to briefly review the geologic processes that formed the soiis
and bedrock of the region.

Until about 60 million years ago, southern Saskatchewan was part of a shallow inland sea. Rivers carried sediment into
this sea and slowly built up the sea floor. The coarse sand and gravel sediments were deposited near the shore while the
fine clay and silt settied further from shore. Over periods of thousands of years, the sea level varied and the location of
the shore varied. As a result, the sediments formed alternating layers of coarse material and fine grained material. With
time, these layers consolidated to form the sandstone and shale bedrock of the study area. The sandstone is quite
permeable and forms aquifers in the bedrock. These bedrock aquifers underlie most of the study area.

Above the bedrock, there are sediments which were deposited in more recent times but which have not yet consolidated
into bedrock. These sediments are generally identified as pre-glacial or post-glacial in origin. The pre-glacial sediments
contain deposits of sand and gravel which were created by water in ancient lakes or rivers. Aquifers have been identified
within the pre-glacial deposits under about 9 000 km* or about one-fifth of the study area. These aquifers generally lie
65 to 110 metres below the present ground surface.

Ovwver time, the study area was subjected to several periods of deep continental glaciation. Geologist have identified at least
three different types of glacial drift in the study area. The last glaciers disappeared about 10 000 years ago. Glacial drift
is highly variable. In most locations, the giaciers melted and the material in the ice was left wnsorted. The resulting soil
is a mixture of particle sizes with fine clay, silt, sand, gravel and boulders mixed together. This mixture is referred to as
glacial till. The action of flowing water tends to sort this mixture into its components. Where a glacial river has sorted
the sand or gravel into large pockets, an aquifer may exist. These aquifers in the glacial drift are referred to as intertill
aquifers. There are many small intertill aquifers in the study area. Three large intertill aquifers, that underlie about
3 000 km* of the study area, have been mapped.

In the period during the retreat of the glaciers and the roughly 10 000 years since they disappeared, the present prairie
surface and shallow soils were formed. These soils have been shifted and reworked by the erosion of wind and water. In
some locations coarse textured soils have been concentrated in sufficient volume to form aquifers. Five large post-glacial
aquifers covering almost 6 000 km* have been mapped and many smaller aquifers are locally important. The aquifers in
post-glacial soils are shallow.
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With the various types of aquifers, most of the study area is underlying by one or more types. Some of the deeper aquifers
are too deep for economical development and the water quality is not suitable for many uses in some aquifers.

722 Sestainable Yield

The ground water system holds a large quantity of water in storage but the long-term sustainable yield that can be met
from this system is limited by the rate of recharge. If use exceeds the recharge, eventually the storage would be depieted
and the use wouid not be sustainable.

In its natural state, the aquifer system was presumably in a balance with inflow and outflow equal over the long-term. The
inflow in the form of recharge water flowing from the surface varies widely with the season and from wet to dry years but
the large storage capacity of the deep prairie soils would even out these short-term variations so the ground water regime
could be expected to be fairly stable.

When artificial use of water is introduced on an aquifer, the natural water balance must adjust to the new outflow. The
first adjustment that occurs is the reduction of the storage volume which lowers the water table at the point of withdrawal.
The lowered water table results in flow toward the depression which reduces the surrounding water table. Outflow from
the aquifer in other directions is reduced and the lower water level increases the pressure gradient from the surface and

encourages recharge.

The main factor controlling the sustainable yield is the recharge. An estimate of the additional recharge that might be
induced by ground water use in the study area was calculated. The estimate was based on the permeability of the soils,
the change in water table and depth of the major aquifers. Using a simplified calculation, it was estimated that the known
major aquifers could yieid about 450 000 dam’/year of water and the minor aquifers might add 50 000 dam’/year for a total
of roughly 500 000 dam®/year. This is an average of about 11 mm of water per year over the study area or about 3 percent
of the total precipitation.

This estimate does not consider the quality of the water which may not be suitable for many uses and it does not consider
the logistics of developing a sufficient number of wells to harvest the total potential. Therefore, the 500 000 dam®/year
is an indication of the upper limit of potential ground water development in the basin.

In terms of the total basin water management, this upper limit of the ground water resource is equal to about 5 percent
of the naturai flow of the South Saskatchewan River.

73 INTERACTION BETWEEN GROUND AND SURFACE WATER

Aithough ground water and surface water have different characteristics which necessitate different management approaches,
there are certain interactions between the two which should not be ignored.

731 Recharge

The source of ground water is recharge from the surface. The quantity of water reaching the aquifer is lost to surface
runoff and 1o plant roots. In general, the surface soils of the study arca are fairly impermeable and recharge takes a smail
fraction of the total precipitation. Most of the precipitation is caught in the root zone and returned to the atmosphere
through evaporation and transpiration.

The total recharge has been affected by human activities. The practice of summerfallow which eliminates plant growth on
large portions of the study area each year decreases transpiration and increases percolation to the water table. Drainage
of depressions which trap surface water reduces the ground water recharge while man-made ponds, reservoirs and irrigation
increase the recharge. Care must be exercised when designing works to ensure that the water table is not changed in ways
that cause damages or to mitigate impacts of damage if necessary.

732 Ground Water Discharge
Although the rate of ground water recharge is small, this water must stili discharge for the system to be balanced. Human
uses withdraw a small portion of the resource. Additional discharge occurs through plant transpiration where root systems

intersect the water table. This subterrancan irrigation can be seen in the topographic low areas where vegetation tends
to be more lush than on the hills. Where ground water flows to the surface and cvaporates, the dissolved salts are left

n



behind creating saline soils and alkali sloughs. Where ground water flows to the surface faster than the water can
evaporate, a surface flow from a spring can result.

In the study arca, ground water seldom discharges to the surface fast encugh to exceed the transfer to the dry atmosphere
through evaporation and transpiration. Along the South Saskatchewan River Vailey, Swift Current Creek and some of the
deeper tributary valleys where the topographic slope is steep so that the ground water gradient and rate of flow is high,
therc are modest cutflows of ground water. It has been estimated that the South Saskatchewan River might receive about
3 litres of inflow per second per kilometre of length from ground water which would amount to about 2 m*/s, less than
1 percent of the natural flow, in its 716 km length in the study area.

74 LAKE DIEFENBAKFER

Lake Diefenbaker is a surface water reservoir but it has had a significant impact on the ground water of the study area.
Where the river valley at Lake Diefeabaker was about 100 m below the surrcunding praisie and provided a natural low
for the discharge of the surrounding ground water, the portion of the valley at Gardiner Dam now has about 60 m of water
50 that the gradient from the prairie to the vailey has been greatly reduced. The water table in the surrounding prairie
is consistently higher than the lake so ground water continues to flow toward the lake, but at a decreased rate. In order
to monitor the changes in ground water regime, piczometers were instailed in the sandstone bedrock to monitor water
pressures in a cross section roughly 3 km south and 6 km north of the valley, The piezometers were installed in the period
from 1962 to 1964 before the lake filled. When the lake filled, the piczometers near the lake showed a rapid rise in
pressure in direct proportion to the lake level while the piezometers farther from the lake rose a small amount over a
longer period of time. As a result of Lake Diefenbaker, the water table along the valley is closer to the surface.

The ground water will enhance the storage capacity of Lake Diefenbaker through "bank storage”. As Lake Diefenbaker
rises when it fills in the summer it stores water in the lake and it also stores some water in the 50il of the valley banks.
As the lake is lowered in winter this water flows out of the banks, adding to the reservoir storage. Although the quantity
is likely small relative to the total (ows, this bank storage adds to the cffectiveness of the lake in regulating flows.

58 E S F® w8 FN

=



Fi1 E 1 i

1

3

r i K [

L S |

1 Y e 1

1

E1l K1 1T 1 rrT r

80 DOWNSTREAM OF THE STUDY AREA

&1 DEVELOFMENT HISTORY

The downstream cnd of the study area is located at the confluence of the South Saskatchewan and North Saskatchewan
rivers which is the upstream cnd of the Saskatchewan River. Although it was not intended to compiete a detailed study
of the downstream area as part of the South Saskatchewan River Basin Study, it is necessary to recognize that management
decisions within the study area will impact on downstream conditions. Thercfore, an understanding of the quantities of
water available in downstream reaches from other streams will be useful in comparing alternative management strategics
for the South Saskatchewan River.

811 DNorth Seigichcwan River

The North Saskatchewan River is very similar to the South Saskatchewan River in terms of its mountain origin and
conveyance of water across the prairies. However, the North Saskatchewan River is very different in terms of its
development. There is very little consumptive use of water from the North Saskatchewan River. Municipal water is used
by the city of Edmoniton and other urban centres, and industries use the river water, but after treatment, most of the water
is retumed to the river. There are no large group irrigation projects, only individual irrigators who use limited amounts
of water.

There are two large reservoirs in the mountain headwaters of the North Saskatchewan River which were built for
hydro-electric generation and flow regulation: the Brazeau Dam and Reservoir on the Brazeau River and the Big Horn
Dam which created Lake Abraham on the Big Horn River. These reservoirs do not cause any significant flow depletion
but they alter the seasonal flow regime by storing summer runoff and releasing water in winter to augment the low winter
flows.

812 Ssskatchewsn River

Downstream of the confluence of the North and South Saskatchewan rivers, the Saskatchewan River carries the combined
flows cast across the Manitoba border and into the north end of Lake Winnipeg. This reach of river and the tributaries
that join it transverse a region of low population and limited industrial activity. The consumptive water use is insignificant.
Hydro-electric generation is the major water use,

The Codette Reservoir upstream of Nipawin creates a head pond for the Nipawin hydro-clectric generation station. This
reservoir was designed for a maximum water level fluctuation of 1 m which provides a usable storage capacity of
29 000 dam?, or, less than the flow on an average day. This storage is used to control the instantaneous flow through the
power station but has no affect on the seasonal flow pattern. The Nipawin power station has been in operation since 1986,

Tobin Lake, which was created by the E. B. Campbell Dam, creates a head pond for the E. B. Campbeil Hydro-electric
Generating Station east of Nipawin. The reservoir was designed for a maximum water level fluctuation of 2.1 m which
provides a usable storage capacity of 560 000 dam®, or, about 10 times the average daily flow. This storage is used to
control the instantaneous flow through the power station and it can change the daily or weekly flow pattern but has little
impact on the seasonal flow pattern.

Downstream of the Saskatchewan/Manitoba border, the Grand Rapids power station controis a very large reservoir at
Cedar Lake. This lake permits Manitoba to regulate the seasonal flows for power generation. Manitoba has additional
flow control at Lake Winnipeg and hydro gencration capacity along the Nelson River.

Although hydro-electric generation is the major use of the water downsiream of the study area, it is not the only use. The
water is very important to the local residents for municipal and domestic water supplies; as a transportation system; and,
to support fish and wildlife populations.



82 NATURAL FLOW
821 ' North Sexkatchewas River

Using calculations similar to those described for the South Saskatchewan River, estimates of the natural flow of the North
Saskatchewan River at Prince Albert for the 75 year study period were made. Since the flows have been recorded and uses
throughout most of the period were insignificant, an accurate estimate of the natural flow is not difficult to calculate. Even
in recent years, when the Brazeau and Big Hom projects have changed the flow pattern, their operation has been recorded
$0 that calculation of the natural flows will be very reliable. The resuiting monthly flow array is listed in Appendix C and
summarized in Table 29.

122 Saskatchewsy River

The Saskatchewan River receives little inflow between the confluence and Tobin Lake. The natural flow in this reach was
therefore estimated based on the routed natural flows of the North Saskatchewan and South Saskatchewan rivers with a
minor adjustment for local inflow.

Downstream of Tobin Lake, the river receives flow from several fairly large rivers from the north. There are no long-term
records of flow for these tributary flows. The easdiest records begin about 1960. There is a nearly continuous record of
flows of the Saskatchewan River at The Pas, Manitoba, a short distance dowmstream of the provincial border. By
subtracting the calculated natural flows at Tobin Lake from the calculated natural flows at The Pas, an estimate of the
natural inflow from the 58 000 km? local drainage area between these two locations was determined. This local inflow was
adjusted on the basis of the local drainage area upstream of the border and added to the Tobin Lake flow to obtain the
natural flows at the provincial border,

Detailed monthly flow arrays for points along the Saskatchewan River and for the focal inflows are provided in Appendix C.
Tables 30 to 32 summarize the natural flow regime of the Saskatchewan River.

83 CURRENT DEVELOPMENT FLOWS

231 Nogth Sasiatchewan Riveg

In order to provide an indication of the expected llow regime of the North Saskatchewan River with existing developments,
a water balance model of the river system was developed. This model used the natural flows and the current (1986) uses
and reservoirs, assuming that operation of the reservoirs will follow the same seasonal pattern as in recent years. An
estimate of the flow of the North Saskatchewan at Prince Albert that would have occurred if existing projects had been
in place throughout the study period was calculated. The detailed monthly flows are listed in Appendix C. Table 33
summarizes the flow regime.

The annual natural flow has been depleted by less than 0.5 percent of the natural flow. The winter flow has roughly tripled
and the summer flow has been modestly reduced.

832 Saskatchewan River

Developmenis on the Saskatchewan River system have little impact on the overall flows of the river system. Codette
Reservoir and Tobin Lake storage capacities are small compared to total flows so they regulate the flows modestly. They
aiso cause a small depletion of the flow due to evaporation. The major flow changes occur upstream on the South and
North Saskatchewan rivers. In order to determine how these combined changes affect the Sagkatchewan River the Water
Resource Management Model was used to calculate the flows on the Saskatchewan River that would have occurred over
the study period under existing conditions. Detailed monthly flow arrays are contained in Appendix C. Tables 34 to 36
summarize the flow regime.

The consumptive water uses which are concentrated on the South Saskatchewan River and which depleted it by about
28 percent have less impact; 15 percent at The Forks and 14 percent at the Manitoba border. The change in the seasonal
flow pattern is a much larger change than the total depletion. Typical winter flows are about four times the natural flows
and summer flows are about half of the natural values.
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9.0 ERECIPTTATION AND EVAPORATION

Eartier chapters of this report describe the horizontal flow of water down the rivers and the movement of water below the
ground surface. The flow of water at lake and reservoir surfaces to or from the atmosphere can also be a significant
component of the water balance. In southern Saskatchewan, evaporation is commeonty one of the largest consumptive uses
of water from lakes. Although precipitation is generally less than evaporation, it must also be considered in the net balance
of flows.

921 - PRECIFITATION

Precipitation in the form of rain or snow s measured at many locations across Saskatchewan. The Atmospheric
Environment Service of Environment Canada records and publishes this data. This data is measured by volunteer observers
at climate stations and by Eavironment Canada staff at synoptic stations. The climate stations are scattered across the
province and the length and completeness of the records varies with the level of interest of the volunteer observers. The
synoptic stations are generally farther apart and they usuaily provide a continuous record for long periods.

All the precipitation records in and near the study arez were reviewed. Those stations with the longest period of record
and located near the reservoirs and lakes were selected for detailed study. Few individual station records extend over the
entire 75 year study period. However, based on correlation, estimates of missing data were made by means of correlation

For each reservoir and lake, an estimate of the monthly precipitation for each month of the study period was calculated
by averaging nearby measured precipitation. The station data were weighted by the inverse of the distance to the reservoir.
The resulting precipitation arrays are listed in Appendix D. The average annual precipitation for the study period varies
from a low of 345 mm at Lake Diefenbaker to 425 mm at the Codette and Tobin Lake projects.

22 EVAPORATION

Evaporation from lakes and reservoirs cannot be readily determined by direct measurements. Detailed studies of
evaporation from small water bodies have resulted in empirical relationships which define water temperatures based on
air temperature and evaporation based on water temperature, relative humidity of the air, wind speed and elevation. The
relationships used were proposed by Meyer for the United States in 1942 and modified by PFRA for the Canadian Prairies
in 1988,

The PFRA-modified Meyer method requires detailed weather data that is only measured at the synoptic weather stations.
The detailed data requirements are met at Swift Current and Saskatoon in the study area and at Prince Albert which is
near the north end of the study area. Evaporation estimates for the various reservoirs required for the study were
estimated from the evaporation calculated for these synoptic weather stations based on a transfer factor as listed in
Table 37. The transfer factor is based on an interpolation among the annual evaporation amounis at the synoptic stations.
The detailed monthly evaporation estimates at the synoptic stations for the study period are listed in Appendix D.

The evaporation calculations by PFRA are intended for use on small to medium sized water bodies, not large and decp
lakes such as Lake Diefenbaker. Evaporation on large water bodies is lower because of the large heat storage effect which
alters the water temperature pattem. The Lake Diefenbaker transfer factor was set at 90 percent of the small water body
value.,

The average annual evaporation for the study period ranges from 1 015 mm in the Swift Current area through 886 mm at
Saskatoon and 686 mm at Prince Albert.

93 NET EVAPORATION

The difference between the evaporation and precipitation is referred to as the net evaporation.

In the study area, evaporation generally exceeds the precipitation from April to October. Precipitation exceeds evaporation
from December to March. Occasional high rainfall months in summer or warm weather in November reverses the seasonal
trend but these abberations are rare. The annual evaporation throughout the study period always exceeds the annual

precipitation at Swift Current and Saskatoon and in ail but two years (1942 and 1954) at Prince Albert.

The average annual net evaporation for the study period ranges from 641 mm at Swift Current to 536 mm at Saskatoon
and 286 mm at Prince Albert.



TRANSFER FACTORS

Swift Current (Proposed) SC1 Reservoir 0.96
Duncairn Reservoir 1.00
Swrift Curreat Reservoir 1.00
(Proposed) SC2 Reservoir 1.00
Lac Pelletier 0.98
(Proposed) RL1 Reservoir 0.96
Herbert Reservoir 0.96
Reed Lake 0.94
Lake Diefenbaker 0.98x(9/10)*

Saskatoon (Proposed) Durdum Reservoir 1.02
Broderick Reservoir 113
Brightwater Reservoir 1.07
Blackstrap Reservoir 1.04
Bradwell Reservoir 1.0¢
Zelma Reservoir 0.99
Dellwood Reservoir 097
Little Manitou Lake 0.98

Prince Albert {Proposed) St. Louis Reservoir 1.06
(Proposed) Forks Reservoir 1.00
Codette Reservoir ' 1.00
Tobin Lake 1.00

* The gross evaporation traasfer factor to Lake Diefenbaker was muitiplied by a ratio of 9/10 to account for the smaller
empirical coefficient of 9 that is used by Atmospheric Environment Service (AES) for Lake Diefenbaker instead of an
empirical coefficient of 10 normally used for smaller water bodies (Environment Canada, 1973).
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APPENDIX A

SOUTH SASKATCHEWAN RIVER BASIN STUDY
LIST OF TECHNCIAL REPORTS
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SOUTH SASKATCHEWAN RIVER BASIN STUDY
TECHNICAL REPORTS

Annual Report to December 31, 1986 Al 11.87
Annual Report to December 31, 1987 Ad 07.88
Annual Report to December 31, 1988 AS 05.89
Annual Report to December 31, 1989 Ab 03.90
Compendium of Water Quality Objectives Development Methodologies DI 06.88
Contaminant Organic Compounds in the Surface Waters of the South Saskatchewan River Basin D4 12.87
Crop Damage and Associated Economic Impact of Flooding, South Saskatchewan River Downstream E13 1239
of Lake Dicfenbaker

Data Collection and Date Base Development: South Saskatchewan River Basin Recreation Survey El 11.86
The Delphi Report B3 08.90
Demand for Water-Based Recreation in the South Saskatchewan River Basin E17 08.50
Economic Profile and Trends 1951-1986 E9 06.38
Erosion and Sedimentation in the South Saskatchewan River Basin C9 12.89
Farm-Level Drought Analysis Model El5 08.90
Fishery Survey of the South Saskatchewan River and Its Tributaries in Saskatchewan DB 11.88
Flood Frequencics in the South Saskatchewan River Basin C5 08.58
Flooding Gardiner Dam to the Forks Cc3 10.89
Framework Plan Working Definition B.1 09.87
Frequency Analysis of Meterological Drought in the Saskatchcwan Portion of the South C4 0788
Saskatchewan River Basin

Ground Water and the South Saskatchewan River Basin: Recommendations to the Study Board C2 03.88
Ground Water Study: South Saskatchewan River Basin C2 0338
Heritage Resources E.16 08.90
A Hydraulic Study of the South Saskatchewan River E.12 05.89
Hydro System Simulation (HYDSIM) Model Study Report C7 05.89
Hydrologic Drought Analysis of Simulated Flows - South Saskatchewan River Basin Cé 02.89
Information Base: Surface Water Hydrology and Water Use B2 03.87
Instream Water Use: South Saskatchewan River Basin E? 12.87
Irrigation Water Use Pilot Study E2 04.88
Irrigation Water Use Survey (South Saskatchcwan River Basin Study) E.ll 12.88
Lake Diefenbaker Trophic State Model D5 01.88
Land Use in the Effective Drainage Area of the South Saskatchewan River Basin D2 10.87
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SOUTH SASKATCHEWAN RIVER BASIN STUDY
TEBCHNICAL REPORTS

Legal and Administrative Analysis Interim Repost B2 3.88
Legal and Administrative Summary B4 0291
Low Flow Frequency Analysis for the South Saskatchewan River C.10 0591
Major Industrial Water Users in the South Saskaichcwan River Basin E.10 10.88
Mass Loading of Phosphorus to Lake Diefenbaker D.13 09.39
Municipal and Residential Water Use Study ES 08.87
Municipal Water Use Survey E3 07.87
Nutrient Quality Review and Objectives Development for the South Saskaichewan River Basin D.14 01.90
Phosphorus Loading from Non-Point Sources Relevant to the Lake Diefenbaker Basin D.1 09.87
Proposed Water Quality Objectives for the South Saskatchewan River Basin D.12 08.89
Public Involvement Program Position Faper F.1 10.86
Public Opinion Survey, 1988 Survey Design F2 03.88
Recreational Data Analysis Report South Saskatchewan River Basin E4 0737
Reservoir Salinity Model: Applicaticn to the Saskatoon Southeast Water Supply System D.16 05.90
Reservoir Salinity Study Phase 1 D.7 10.88
Short-term Water Usc Forecast South Saskatchewan River Basin Study E.14 12.89
Study Plan and Annual Work Plans - 1987 A2 0237
Study Proposal for the South Saskaichewan River Basin Al 04.86
Style Guides for Reports A7 03.90
Summary and Evaluation of the Public Information and Awarcness Strategy F3 09.89
Summary and Evaluation of the Pubiic Information and Awareness Straj_gy,_ Aprit 1990 F4 04.90
Summary and Evaluation of the Public Information and Awarcness Strategy, November 1990 F5 12.90
Water Demand Management: An Application to the South Saskatchewan River Basin B.18 08.90
Water Intake and Outfall Survey South Saskatchewan River Basin Eé 1287
Water Management Model Study South Saskatchewan River Basin Cl1 01.88
Water Quality Data Review D.6 03.88
Water Quality Modelling South Saskatchewan River D.10 04.89
Water Quality Monitoring Plan for the South Saskatchewan River Basin D.15 04.90
Water Quality Monitoring Review South Saskatchewan River Basin D.11 06.89
Water Quality Trend Analysis and Data Base Summary D3 11.87

D.19 05.91

Water Use Analysis Model Study: South Saskatchewan River Basin Study
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APPENDIX B

MASTER AGREEMENT ON APPORTIONMENT
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‘THIS AGREEMENT is made in quadruplicate this THIRTIETH day of OCTOBER, 1969, A.D.

BETWEEN:
HER Majesty, the Queen, in right of Canada, represented herein by the Minister of Energy, Mines and
Resources
(Hercinafier called "Canada”)
-and -

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

(Hereinafter cailed "Alberta”)
-and -

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

{Hcreinafter called "Saskatchewan™)
- and -

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

(Hereinafter called "Manitoba®)

WHEREAS under natural conditions the waters of the watercourses hereinafter referred to arising in or flowing
through the Province of Alberta would flow into the Province of Saskatchewan and under the said conditions the waters
of some of the said watercourses arising in or flowing through the Provinee of Saskatchewan would flow into the Province

of Manitoba;

AND WHEREAS the Governor-in-Council has authorized Canada to enter into this agreement by Order-in-Council
P.C. 1969-8/2051 dated October 29, 1969, and the Lieutcnant Govemors-in-Council for Alberta, Manitoba and
Saskatchewan, respectively, have authorized them to enter into this agreement by the following Orders-in-Council:

Alberta - 0.C. 205369
Manitoba - 0.C. 1359/69
Saskatchewan - 0.C. 1612/69

AND WHEREAS the parties hereto deem it to be in their mutual interest that an agreement be reached among the
four partics as to the apportionment as described in the schedules attached hereto of such interprovincial waters among

the three Provinces;

AND WHEREAS Alberta and Saskatchewan have cntcred into an agreement, which agreement is attached to this
agreement as Schedule A, that permits the Province of Albcrta 1o 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 remaining one-half of the natural flow
of each such watercourse 1o flow into the Province of Saskatchewan, subject to certain exceptions as are set forth in the

said agreement;

AND WHEREAS Saskatchcwan and Manitoba have cntered into an agrecment which agreement is attached to this
agreement as Schedule B, that permits the Province of Saskatchewan to make a net depletion of one-half the natural flow
of water arising in, and one-half of the water flowing into the Province of Saskatchewan, and that permits the remaining
one-half of the flow of each such watercourse to flow into the Province of Manitoba, subject to such conditions and

agreements as therein contained;
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AND WHEREAS the parties are desirous 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, THIS AGREEMENT (hereinafter known as the Master Agreement) witnesseth that each party
agrecs as follows:

Interprovigsial A

1. Alberta and Saskatchewan agree that the agreement between them (hereinafter called the First Agreement), a copy
of which is set out in Schedule A to the Master Agrecment, will become binding upon them upon the date that the
Master Agreement is executed.

2. Saskarchewan and Manitoba agree that the agrecment between them (Hercinafter called the Second Agreement), a
copy of which is set out in Scheduie B to the Master Agreement, will become binding upon them upon the data that
the Master Agreement is executed.

3. The parties agree to the apportionment of water between Alberta and Saskatchcwan and Manitoba as provided in the
F:rstandSeeondApeemenuandeachpmylmtobeboundbythesaidagmemenuntheymmeto
apportionment as if it were a party thereto,

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

5. ‘The parties agree that the First and Second Agrecments will continue in force and effect until cancelled by an
agreement in writing among the four parties 1o the Master Agreement.

Water Quality

6. The partics mutually agree to consider water quality problems; to refer such problems to the Board; and to consider
recommendations of the Board thereon.

Mogitorin

7. The parties agree that the monitoring of the quantity and quality of waters as specified in the First and Second
Agreements, the collection, compilation and publication of water quantity and quality data required for the
implementation and maintenance of the provisions of this agreement shall be conducted by Canada, subject to
provision of funds being voted by the Parliament of Canada.

Administration

8. The parties agree, subject to Clause 9 of this agreement that it at any time, any dispute, difference or question arises
between the parties with respect to this agreemeat or the construction, meaning and effect thereof, or anything
therein, or the rights and liabilities of the parties thereunder or otherwisc in respect thereto, then every such dispute,
difference or question will 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.

9. The parties aiso agree that the Board, with the consent of the parties in dispute, may cause to be prepared, a factual
report of the dispute for considcration by the parties hereto prior to the referral of the dispute to the Exchequer
Court.

10. The parties agree that the Prairie Provinces Water Board shall monitor and report on the apportionment of waters
as set out in the provisions of the First and Second Agreements and mtified by this Master Agreement.

11. The partics agres to revoke the agreement data July 28, 1948, establishing the Prairie Provinces Water Board and to
reconstitute the Prairie Provinces Water Board in the form of Schedule C hereto and the said Schedule shall form
and become part of this Master Agreement.
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12. Becausc the Orders-in-Council referred to in Schedule D hereto will become redundant upon the execution of this
Master Agreement, the partics agree to take steps to have them revoked.

13. The parties agree for the future application of the provisions of the Master Agreement (and the First and Second
Agreements thereunder), to work together and to cooperate to the fullest extent each with the other for the integrated
development and use of water and related resources to support economic growth according to selected social goals
and priorities and to participate in the formulation and implementation of comprehensive planning and development
programs according to their national, regional and provincial interest and importance.

14. No Member of the Parliament of Canada or Member of the Legislative Assemblies of the Provinces party to this
agreement shall hold, enjoy, or be admitted to any share or part of any contract, agresment, commission or benefit
arising out of this agreement.

IN WITNESS HEREOF Canada has caused its presents to be executed by its Minister of Energy, Mincs and
Resources, and Alberta has caused its presents to be cxecuted by its Minister in charge of Water Resources, and
Saskatchewan has caused its presents to be executed by its Minister in charge of The Water Resources Commission Act,
and Manitoba has caused its presents to be executed by its Minister in charge of The Water Control and Conservation
Branch Act of the day and year first mentioned above.
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“A. Davidson”
Witness to the signature of the Minister
(Energy, Mincs and Resources) for Canada

L
Minister (Energy, Mines and Resources) for Canada

—Qctober 30,1965
Date

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

—— HenrvA Ruste”
Minister in charge of Water Resources for
Alberta

October 30, 1969
Date

o HeolW.Pope
Witness to the signature of the Minister

in charge of The Water Resources Commission
Act for Saskatchewan

— "Alaq R Guy”
Minister in charge of The Water Resources
Commission Act for Saskatchewan

Date

Webe,
Witness to the signature of the Minister in

charge of The Water Control and Conservation Branch Act

for Manitoba

Minister in charge of The Water Control
and Conservation Branch Act for Manitoba

——October 30,1969
Date

4th Recital Clause amended on July 5, 1984
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SCHEDULE A
THIS AGREEMENT is made in quadruplicate this THIRTIETH day of OCTOBER, 1969, A.D.
BETWEEN:
HER. Majesty, the Queen, in right of Alberta, represented herein by the Minister in charge of Water Resources
for Alberta
(Hereinafier called "Alberta”)
-and -

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

(Hereinafter called "Saskatchewan”)

WHEREAS under natural conditions the waters of the watercourses hereinafter referred to arising in or flowing
through the Province of Alberta would flow intc the Province of Saskatchewan and under the said conditions the waters
of some of the said watercourses arising in or flowing through the Province of Saskatchewan would fiow into the Province

of Manitoba;

AND WHEREAS the parties hereto deem it to be in their mutual interest and in the interest of Manitoba that an
agreement in principle be reached among the said thres Provinces as to the apporticoment of such interprovincial waters
among them;

AND WHEREAS the parties hereto are of the opinion that an equitable apportioament of such waters as between
the adjoining Provinces of Atberta and Saskatchewan would be to permit the Province of Alberta to make & net depletion
of one-half the natural flow of water arising in or flowing through the Province of Alberta and to permit the remaining
one-half of the natural flow of water of cach such watercourse to flow into the Province of Saskatchewan, subject to certain

prior rights as are hereinafter set forth or may hercafter be mutually agreed upon in writing;

AND WHEREAS on the basis of the foregoing apportionment as betrween the Provinces of Alberta and Saskatchewan
the parties hereto are of the opinion that in a similar manner, an equitable apportionment of the remainder of the natural
flow of the said watercourses that flow into the Province of Manitoba after permitting the Province of Alberta to make
its depletion of one-half thereof would be to permit the Province of Saskatchewan to make a net depletion of oae-half of
the said remainder and to permit the other one-half thereof to flow into the Province of Manitoba; and that the natural
flow of any tributaries to the said watcrcourses which tributaries join the said watercourses in the Provinee of Saskatchewan
without arising in or first flowing through the Province of Alberta could be apportioned ane-haif to the Province of
Saskatchewan and one-half to the Province of Manitoba in a manner similar to the apportionment of waters as between
the Pravinces of Alberta and Saskatchewan, in all cases subject to such prior rights as may be mutually acknowledged by
the said Provinces of Manitoba and Saskatchewan;

AND WHEREAS the parties hereto recognize the coatinuing need for consultation and cooperation as between
themselves and with Manitoba with respect to the matters herein referred 1o so that the best and most beneficial use of
the said waters may be made and the interests of all said provinces best served:

NOW THIS AGREEMENT witnesseth as follows:

1. IN THIS AGREEMENT:

(a) “Natural flow” means the quantity of water which would naturzlly flow in any watercourse had the flow not been
affected by human 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 binding on Alberta.

(b) “Walercourse” means any river, stream, creck, or other natural channel which from time to time carries a flowing
body of water from the Province of Alberta to the Province of Saskatchewan and includes all tributaries of each
such river, stream, creek or natural channel which do not themselves cross the common boundary between the
Provinces of Alberta and Saskatchewan. Such tributarics as do themselves cross the said common boundary
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between the Provinces of Alberta and Saskatchewanr shall be deemed to be "watercourses” for the purpose of
this agrecment.

2 (a) The parties hereto shall mutually establish a method by which to determine the natural flow of each watercourse
flowing acroes their said common boundary.

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

(¢) Notwithstanding sub-paragraph (b) the point of which the natural flow of the watcrcourses known as the South
Saskatchewan and Red Deer Rivers is to be determincd may be, at the option of Alberta, a point af or as near
as reasonably may be below the confluence of the said two rivers.

3. Alberta shall permit a quantity of water equal to one-half the natural flow of ¢ach watercourse to flow iato the
Province of Saskatchewan, and the actual flow shall be adjusted from time to time on an equitable basis during cach
calendar year, but this shall not restrict or prohibit Albert from diverting or consuming any quantity of water from
any watercourse provided that Alberta diverts water to which it is entitled of comparablc quality from other sircams
or rivers into such watercourse to meet its commitments to Saskatchewan with respect 1o cach watercourse.

4. Notwithstanding paragraph 3 hereof, the following special provisions shall apply as between the parties hercto with
respect 1o the watercourse known as the South Saskatchewan River.

(a) Alberta shail be entitled in each year to consume, or to divert or store for its consumptive use a minimum of
2 100 000 acre-feet net depletion out of the flow of the watercourse known as the South Saskatchewan River
cven though its share for the said year, as calculated under paragraph 3 hercof, wouid be less than
2 100 000 acre-feet net depletion, provided however Alberta shall not be entitled to so consume or divert, or
store for its consumptive use, more than one-half the natural flow of the said South Saskatchewan watercourse
if the cffect thereof at any time woukl be to reduce the actual flow of the said watercourse at the common
boundary of the said Provinces of Saskatchewan and Alberts (0 lcss than 1,500 cubic feet per second.

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

5.  The parties hereto shall work together and co-operate to the fullest extent, each with the other, for the most effective,
economical and beneficial use of waters flowing from the Province of Alberta into the Province of Saskatchewan,
including the construction and operation of approved projects of mutual advantage to our Provinces on a cost-share
basis proportionate to the benefits derived therefrom by each Province, (the approval of which projects shall not be
unreasonabiy withheld by sither of the parties hereto) and shall enter into such other arrangements, agreements or
accords with each other, and with the Governments of Canada and other Provinces to best achieve the principles
herein agreed upon.

6. Notwithstanding paragraph 3 hereo!, with respect to each of the three watcrcourses known as Battle Creck, Lodge
Creek, and Middle Creek, the annual flow shall be apportioned such that, in cach of the said watercourses, Alberta
permits a quantity of water equal to 75 percent of the natural flow to pass the interprovincial boundary from Alberta
to Saskatchcwan.

7. If atany time any dispute, difference or question shall arise between the parties or their representatives touching this
agreement or the construction, meaning and effect thereof, or anything therein, or the rights or liabilitics, of the
parties or their representatives thereunder or otherwise in respect thereto then cvery 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 enact the necessary legislation to provide the Exchequer Court
with jurisdiction to determine any such dispute, difference or question in the manner provided under Scction 30 of
The Exchequer Court Act.

8. This agreement shall become effective upon the execution of an agreement by Canada, Alberta, Manitoba and
Saskatchewan relative to the apportionment of waters referred to in this agrecment.

IN WITNESS WHEREOF Alberta has caused these preseats to be exceuted on its behalf by its Minister in charge
of Water Resources, and Saskatchewan has caused these presents 10 be executed by its Minister in charge of The Water
Resources Commission Act, both on the day and year first above mentioned.
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"R.E. Bailey”
Witness to the signature of the Minister
in charge of Water Resources for Alberta

uste”
Minister in charge of Water Resources for Alberta

“Harold W. Pope”

Witness 10 the signature of the Minister
in charge of The Water Resources Commission Act

*Allan R, Guy”
Minister in charge of The Water Resources Commission Act

Section 6 amended on July 5, 1984.




SCHEDULE B
THIS AGREEMENT is made in quadruplicate this THIRTIETH day of October, 1969, A.D.

BETWEEN:

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

(Hereinaflter called "Saskatchewan)
-and -

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

(Hercinafter called "Manitoba”)

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

AND WHEREAS the parties hercto deem it to be in their mutual interest and in the intcrest of Alberta that an
agreement in principle be reached among the said three Provinces as to the apportionment of interprovincial waters among

them;

AND WHEREAS the parties hereto are of the opinion that an equitable apportionment of such waters as between
the adjoining Provinces of Saskatchewan and Manitoba would be to permit the Province of Saskatchewan to make a net
depletion of one-half the natural flow of water arising in, and one-halfl the flow of water flowing into, the Province of
Saskatchewan, and to permit the remaining one-haif of the flow of water of each 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 forgoing apportionment as between the Provinces of Saskatchewan and
Manitoba, the parties hercto are of the opinion that in a similar manner, an equitable apportionment of the natural flow
of the said watercourses arising in or flowing through the Province of Alberta would be to permit the Province of Alberta
to make a net depiction of one-half thereof, subject to such prior rights as may be mutually acknowledged by the said
Provinces of Alberta, Saskatchewan and Manitoba;

AND WHEREAS the parties hereto recognize the continuing need for consultation and co-operation as between
themselves and with Alberta with respect to the matters herein referred 1o so that the interests of ail said Provinces are

best served;
NOW THIS AGREEMENT witnesseth as follows:
1. IN THIS AGREEMENT:

(a) "Natural flow' means the quantity of water which would naturally flow in any watercourse had the flow not been
affected by human interference or human intervention.

{b) "Watercourse” mecans any river, stream, creek, o r other natural channel which from time to time carries a
flowing body of water from the Province of Saskatchewan to the Province of Manitoba and includes all
tributaries of each such river, stream, creek or natural channel which do not themselves cross the common
boundary between the Provinces of Saskatchewan and Manitoba. Such tributaries as do themselves cross the
said common boundary between the Provinces of Saskaichewan and Manitoba shail be deemed to be
"watercourses” for the purpose of this agreement.

2. (a) The parties hereto shall mutually establish a method by which to determine the natural flow of each watercourse
flowing across their said common boundary.

(b) For the purpose of this agreement, the said natural flow shall be determined at a point as near as reasonably
may be to their said common boundary.
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Saskatchewan shail permit in each watercourse the following quantity of water to flow into Manitoba during the period
from April 1 of each year to march 31 of the year following: A quantity of watcr equal to the natural flow for that
period determined at the point referted to in paragraph 2(b) hereof, less

(a) one-half the water flowing into Saskatchcwan in that watercoursc from Alberta, and

(b) any water which would form part of the natural flow in that watercourse but does not flow into Saskatchewan
because of the implementation of any provision of any subsisting water apportionment agreement made between
Alberta and Saskatchewan and approved by Manitoba, and

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

The actual flow shall be adjusted from time to time by mutual agreement on an equitable basis during such period
but this shall not restrict or prohibit Saskatchewan from diverting, storing or consuming any quantity of water from
any watercourse provided that Saskatchewan diverts water to witich it is eatitled of comparable quality from other
streams or rivers into such watercourse 1o meet its commitments to Manitoba with respect to each watercourse.

Saskatchewan shall be entitled during such period to consume of to divert or store for its consumptive use the water
it is not required to permit to flow into Manitoba in each watcrcourse under paragraph 3 hereof, but such
consumption or diversion shall be made equitably depending on the actual flow of waler in cach watercourse and the
requircments of cach Province from time to time, but Saskatchewan shall pexmit sufficient water to flow into Manitoba
to meet its commitments during such period under paragraph 3 hercol.

The parties hereto shall work together and co-operale to the fullest extent, each with the other, for the use of waters
flowing from the Province of Saskstchewan into the Province of Manitoba, including the construction and operation
of approved projects of mutual advantage to the said Provinces on a cost-share basis proportionate to the benefits
derived therefrom by each Province (the approval of which projects shall not be unreasonably withheld by cither of
the parties hereto) and shall enter into such other arrangements, agreements or accords with cach other, and with the
Governments of Canada and other Provinces to best achieve the principles herein agreed upon.

If at any time any dispute, difference or question shall arise between the parties or their representatives touching this
agreement or the construction, meaning and effect thereof, or anything therein, or the rights or liabilities of the parties
or their representatives thereunder or otherwise in respect thereto thea 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.

This agreement shall become effective upon the exccution of an agreement by Canada, Alberta, Manitoba and
Saskatchewan relative to the apportionment of waters referred 0 in this agreement.

[N WITNESS WHEREOF Saskatchewan has caused these presents to be cxecuted by its Minister in charge of The

Water Resources Commission 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.

"Haroid 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 Commission Act

“Thomas E. Weber”

Witness to the signature of the Minister
in charge of The Water Control and Conservation Branch Act

"jconard S. Evans’,
Minister in charge of The Water Control and Conservation Branch Act.
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SCHEDULEC
PRAIRIE PROVINCES WATER BOARD AGREEMENT

THIS AGREEMENT made this THIRTIETH day of OCTOBER, 1969, A.D.
BETWEEN:
THE GOVERNMENT OF CANADA, hereinafter called “Canada”
-and -
THE GOVERNMENT OF MANITOBA, hereinafter called "Manitoba®
-and -
THE GOVERNMENT OF SASKATCHEWAN, hercinafter calied "Saskatchewan”
-and -
THE GOVERNMENT OF ALBERTA, hereinafter called "Aiberta”

Manitoba, Saskatchewan, Alberta and Canada agree to establish and there is hereby established a Board to be known
as the Prairie Provinces Water Board 1o consist of five members to be appointed as follows:

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

(b) one member to be appointed by the Lieutenant Governor in Council of cach of the Provinces of Manitoba,
Saskatchewan and Alberta.

Functions

The Board shall oversee and report on the Master Agreement (including the First and Second Agreements
thereunder) executed by Canada, Afberta, Manitoba and Saskatchewan for the apportionment of waters flowing from
one Province into another province; shall take under consideration, comprehensive planning, watcr quality
management and other questions periaining to water resource management referred 10 it by the parties hereto; shall
recommend appropriate action to investigate such matters and shall submit recommendations for their resolution to
the parties hereto.

it rd

The members of the Board shall be chosen from those cngaged in the administration of water resources or related
duties for Manitoba, Saskatchcwan, Alberta or Canada, as the case may be, and shall serve as members of the Board
in addition to their other duties.

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

(2) to review, collate, and analyze streamflow data and prepare reports and recommendations on the apportionment
of water,

(b) to review water quality problems, particularly such problems located at the interprovincial boundaries, and to
recommend to the parties hereto, appropriate management approaches for their resolution including the
establishment of new institutional arrangements,

(c) to develop recommendations on other water matters, in addition to problems on water quality, referred to the
Board by any party hereto including the review and analysis of existing information and the requesting of
additional studies and assistance by appropriate governmental agencics to provide information for formulating
its recommendations,
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(d) topromote through consultation and the exchange of information the integrated development of water resources
of interprovincial streams,

(€) to cause to be prepared with the consent of the partics involved factual reports on disputes arising out of the
water apportionment for consideration by the parties hereto,

() toensure the co-ordination of such technical programs as water quantity and quality monitoring and streamflow
forccasting required for the effective apportionment of water.

of t 'S mmendations

A recommendation of the Board with respect to any matters referred to it under Section 2 shall, subject to the Master
Agreement for the apportionment of water, become effective when adopted by Orders-in-Council passed by Canada
and each of the Provinces.

Authority of Board

The Board shall have authority to correspond with ail Governmental organizations and other sources of information
in Canada or abroad conccrned with the administration of water resources, and such other authority as may be
conferred on the Board rom time to time by agreement between the partics hereto; all agencies of the four
governments having 1o do with the water and associated resources in the area covered by the Agreement shall 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 compiled by the P.F.R.A. organization
at Regina shall be made available to the Board.

Meetings of the Board

The Board shall meet at the cali of the Chairman and meetings shall be calied at least twice annually; the
expenses of the members shall be bome by their respective governments,

Reports

The Board shall submit an annual progress report outlining work done and work contemplated 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.

tion of the rd

The Secretary for the Board and such other tcchnical and clerical staff as may be required, with a headquarters at
Regina, shall be Federal or Provincial public servants. The cost of administration, excluding the cost of monitoring
as described in Section 7 of the Master Agreement, but including staff, accommodation, supplics and incidental
expenmdmeﬂoaxd,shﬂlbebomebylheplrﬁeshemmonthebasisofone-halfbyCanadaandone-sinhbyeach
of the Provinces. The Board shall prepare for approval of the parties hereto, work program, staff requirements,
annual budgets and five-year forecasts and such other reports as may be required in the operation of the Board.

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



PREVIOUS ALLOCATIONS OF INTERPROVINCIAL WATERS

APPROVED BY ORDERS-IN-COUNCIL BY THE GOVERNMENTS OF

CANADA, ALBERTA, MANITOBA, AND SASKATCHEWAN

Iriem

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 Saskatchewan

4030/49

1874/51

973/53

QOrder-in-Coungi]

Alberta Saskatchewan Manitoba
857/49 1307/51 1121/49
1091/51 1310/51 1264/51
991/53 1271/53 924/53
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APPENDIX C
FLOW DATA
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NATURAL FLOWS
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APPENDIX D

EVAPORATION AND PRECIPITATION DATA
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